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MEMOIRS 

OF 

THE GEOLOGICAL SURVEY OF INDIA. 

THE TRIAS OF THE HIMALAYAS. 'By c. DIENER, PH.D., 

Professor of Palceontology at the University of Vienna. 

1.-INTRODUCTION. 

In a note accompanying the description of the Muschelkalk in Spiti 
in the first part of the present volume by H. Hayden (page 72), and in a 
chapter treating with the correlation of the Mesozoic beds of Spiti with 
those of other parts of India and of Europe (page 88) it was proposed to 
devote a second part of this volume to a summary of the Trias of the 
Himalayas. 

A paper treating with this subject, which had been left by the fate 
Dr. A. v. Krafft in 1901, was entrusted to me for a careful revision by 
C. L. Griesbach, then Director of the Geological Survey of India. But 
the fragmentary character of the paper, consisting only of scattered 
and unarranged notes, induced me to postpone this task, until the 
palooontological descriptions of the new materials from the Triassic rocks 
of the Himalayas had been finished. The advisability of basing a sum
mary of the Trias of the Himalaya on the results of an examination of 

the entire stratigraphical and fossil mat.erials then available, was 
obvious. 

This examination being now finished and the geological explo
ration of the Central Himalayas having come to a close for several 

seasons, a detailed paper on this subject is justified. This paper, 
however, can hardly be called a revision of A. v. Krafft's original notes, 
but is almost entirely my own work. 
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DIENER: TRIAS OF THE HIMALAYAS. 

Fourteen years have elapsed since the publicatio~ of the results of 
the ~xpedition of 1892, in which Griesbach, MiddleDllBs ~nd I took ~a1:. 
Short! afterwards the study of the sedimentary deposits of the Huna
la.yas :as resumed; areas formerly known only more or less superficiall~, 
were re-examined in greater detail and a very large a.mount of new fossil 
material has been obtained. Both the observations in the field, 
which are chiefly due to H. Hayden, A. von Krafft, La Touche, Smith, 
Noetling and Walker, and the subsequent examination of the collections 
have increased our knowledge considerably, particularly so with respect 
to the Trias. While formerly only the sections of Painkhanda (Shal
shal cliff, Bamba.nag cliff) were known in any detail, we have now 
equally detailed "ccounts of those in Spiti and considerable additions 
h~ve been made t) our knowlelge of those in Eutern Johar and Byans 
and in the region oi. the exotic blocks between Ma.Ila .Johar and Hundrs. 
It therefore seems possible now to make an attempt to corrcla te those 
four different areas. 

Recent researches tend to show that the Trias, far from being de
veloped uniformly throughout the length and breadth of the Hirwilayas, 
has some very marked geographical peculiarities. We can no longer 
characterise any individual section :is a. "type-section" of the Hima
layan Trias. To do so would, indeed, be as incorrect as to speak rif a 
pa.rticular section in the South-eastern Tirol or in the Sa.lzkamnwrgut 
as a type-section of the Alpine Trias. 

In fact the Himalayan Trias clearly shows tho3e changes of fa('ies 
which are common to most sedimentary deposits of marine origin. and 
which, if not so rapid or abrupt as in the case of the Alpine Tria~. are 
yet almost equally marked. This becomes especially evident. from l?_ 

comparison of the sections of Byans and Malla Johar with those of Spiti 
and Painkhanda. 

My examination of the fossil collections ma.de by Hayden and A. v. 
Krafft in Spiti and Malla J oha.r and my revision of A. v. Krafft's 
~em~ir on the Cephalopoda. of the Lower Trias have delayed the writing 
of this paper for a longer period than I had anticipated. This delay, 
however, has enabled me to include many new facts, which were not 
~nown to Noetling, when publishing his summary of the Trias of Asia 
m . Leth~a mesozoica (Vol. I, Pt. 2, Stuttgart, 1905). A direct com
parison will, I trust, convince the reader that the present pa.per has 
not been rendered altogether unuecesaa.ry by Noetling's memoir. 
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LITERATURE. 3 

11.-LITERATURE. 

Before entering upon a description of the Triassic sediments of tho 
Himalayas, a short historical retrospect of the development of our 
knowledge of those deposits may be deemed appropriate. 

The credit of the discovery of Triassic deposits in the Central Hima
layas is due to Captain (afterwards General Sir Richard) Strachey,1 who 
in 1851 mentioned their presence in several localities in the neighbour
hood of the Niti Pass. Their correlation with the beds of St. Cassian 
by Greenough (1855), by E. Suess2 (1862) and by T. W. Salter3 (1865) 
was based on an examination of the fossils, which had been collected by 
Strachey from loose blocks, not in situ. 

Although the defective state of our knowledge of the stratigraphy of 
the Alpine Trias and the wide range of interpretation adopted in 
Triassic species of Cephalopoda prevented any attempt at an exact cor
relation at that time, the general statement of a remarkable analogy 
with the Alpine Trias has been proved to be correct. 

The existence of Triassic beds was confirmed by an examination of 
fossils, which had been collected in Spiti and Hundes by Dr. Gerard and 
by the brothers von Schlagintweit. 

H. F. Blanford~ described the Gerard collection and proved one of 
the Triassic species of ammonites (Ptychi'tes Gerardi Blfd.) to belong to 
a genus characteristic of the Alpine Muschelkalk. 

The Cephalopoda of the Schlagintweit collections were examined by 
A. Oppel,5 the brachiopods and bivalves by C. W. Guembel. 6 Oppel 

l R. Strachey : On the geology of part of the Himalaya Mountains and Tibet, 
Q1tart. Journ. Geol. Soc., VII, 1851, pp. 292-310. 

2 E. Suess: Verhandl. K. K. Geol. Reichsanst., Wien, XII, p. 255 (Sitzg. 31, 
Juli 1862). 

3 T. W. Salter and H. F. Blandford : Palreontology of Niti in the Northern 
Himalayas, Calcutta, 1865. 

4 H. F. Blanford: On Dr. Gerard's collection of fossils from the Spiti valley 
in the Asiatic Society's Museum. Journal Asiat. Soc. of Bengal, 1863, No. 2, pp. 
121·138. 

• A. Oppel : Ueber Ostindische Fossilreate aus den sekundaeren Ablagerungen 
von Spiti and Gnari Khorsum in Tibet. Palreontol. Milleilungen aus dem Museum 
des Kgl. bayrischen Staates, I, p. 267, 

6 C. W. Guembel: Ueber daa Vorkommen von unteren Triasschichten in Hocha
sien (no.ch den von den Gebruedern von Schlagintweit geaammelten Fundstuecken 
beurteilt)._,,_ Sitzgsber. Kgl. bayr. Akad. d. Wiss. Muenchen, 1865 (XI), pp. 348-366. 
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4 DIENER : TRIAS OF THE HIMALAYAS. 

recognised the Triassic character of seventeen species of ammonites. 
Guembel assigned three species of bivalves to the Buntsandstein. 

In the meantime E. Beyrich 1 proved the ammonites described by 
Oppel to be of Muschelkalk age. 

Thus the presence of two different Triassic horizons had been estab
lished in the Himalayas, of the Lower Trias (Buntsandstein) in a bivalve
bearing facies, and of the Muschelkalk in a facies of dark limestone rich 
in Cephalopoda. But this establishment had been based on the study 
of fossils only discovered by travellers in different parts of the sedi
mentary belt of the great range. Stratigraphical observations in the 
field were still entirely wanting. 

Stoliczka was the first author, who gave a rough outline of the 
stratigraphy of the Himalayas after having visited a number of sections 
in Spiti and Rupshu in 1864.2 His system was one strictly based upon 
the simple practice of giving a geographical name to a rock group, 
without reference of each particular local group to a. place in the strati
graphical standard scale. His views have been adopted by the authors 
of the" Manual of the Geology of India." Both his general classifica
tion of the Himalayan Trias and its correlation with the homotaxial 
rock groups in Europe have required some modifications, in order to 
bring them into line with our more extensive knowledge. 

Stoliczka grouped the sedimentary formations between the Silurian 
(Muth series) and the Lias (Tagling limestone) into three divisions. He 
distinguished, in descending order :-

3. Para limestone, corresponding to the rhretic stage (Dachstein
kalk of Austrian geologists). 

2. Lilang series, Upper Trias, corresponding to the beds of Hall
sta tt and St. Cassian. 

I. Kuling series, Carboniferous. 

Stoliczka believed the Upper Trias to rest immediately on the Car
boniferous and failed to recognise the Lower and Middle Trias. Without 
depreciating the value of Stoliczka's stratigraphical results it is neces-

1 E. Beyrich : Ueber einige Cephalopoden aus dem Muschelkalk der Alpen 
und ueber verwandte Arten, Abhandl. Kgl. Akad. d. Wiss. Berlin, 1866, No. 2, 
pp. 105-179. 

2 F. Stoliczka : Geological sections across the Himalaya. Mountains from 
Wa.ngtu bridge on the river Sutlej to Sungdo on the Indus, Mem. Geol. Surv. 
of India, Vol. V, Pt. 1, 1865, pp. 1-154. 
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LI'l'~RATUltE. 5 

sary to lay special stress on this fact, because N oetling in his historical 
retrosp~t 1 somewhat exaggerates the importance of Stoliczka's work in 
Spiti affirming with great confidence that the only progress in the 
stratigraphy of the Trias since Stoliczka's memoir is marked by the 
discovery of the Lower Trias within the Lilang series. 

Stoliczka was particularly unfortunate in confining his attention 
to the Kuling section, which he presumably accepted as a typical 0ne, 
whereas subsequent researches have shown the Lower Trias to be cut 
out there by a fault, which causes the Daonella shales to lie directly- on 
the Productus shales. We may, however, admit that his overlooking 
the Lower Trias is easily explained by his short visit to the Spiti sec
tions and that his correlation of the entire Lilang series with the Upper 
Trias is pardonable, fossils of the Muschelkalk having been found, but 
not recognised as such before Stoliczka's survey began. 

There is, however, no doubt that considering the circumstances 
under which he worked, Stoliczka's stratigraphical results were most 
valuable. To him belongs the credit of having been the true pioneer of 
Himalayan stratigraphy. 

Very considerable progress was subsequently made by C. L. Griesbach, 
who succeeded Stoliczka in the geological exploration of the Himalayas 
and in 1880 gave the first systematic account of the Triassic syst.em.:1 

All subsequent accounts of the Himalayan Trias must needs be basP.d 
on his work. 

He was the first to discover the Lower Trias and the Muschelkalk 
in situ. In a preliminary note on his first season's work in the Hima
layas he gave a detailed description of the section of the Shalshal cliff 
near Rimkin Paiar, in Painkhanda, together with description and 
figures of the fossils characteristic of the Otoceras horizon, which was 
then considered by him as a passage bed between the Permian and 
Triassic systems.'; In the Upper Trias he distinguished a number of 
subdivisions, which still remain unaltered, although the knowledge of 
their fossils has led to a correlation with Alpine Triassic stages, differing 
widely from that which had been established by Griesbach. 

1 J<'. Noetling, Asiatische Trias, Letluea rnesozoica, 1. c., p. 125. 
2 C. L. Griesbach: Ueological notes, Recorcls, Geol. Surv. of India, XIII, 1880, 

pp. 83-93. 
3 C. L. Griesbach : Palreontological notes on the lower Trias of the Himalayas, 

ibid., XIII, pp. 94-113, XIV, pp. 154, 155. 
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6 DIE:NER: TRIAS OF THE HIMALAYAS. 

In 1883 C. L. Griesbach visited Spiti in order to remove certain 
discrepancies between Stoliczka's description and his own obse~va.tions 
in the Central Himalayas of Kumaon and Garhwal. He was able to 
show that Stoliczka's Kuling shales were of Permian age and followed 
conformably by the Lower Trias and by the Muschelka.lk, which 
Stoliczka had failed to recognise in his Triassic sections.1 

In the meantime the survey of Kashmir and Ladakh had been 
brought to a close by R. Lydekker. He made an attempt to identify 
in Kashmir the subdivisions established by Stoliczka in Spiti. Being 
obliged by the difficulty of the terrane to include in one single 
group-his" Supra-Kuling series" all the beds from the Lilang series 
upwards to the Chikkim limestone, he was not able to establish any 
subdivisions of the Triassic rocks, which he found, however, widely 
distributed throughout the district, which had been surveyed by him 
during the years 1875 to 1882.2 

In 1891 C. L. Griesbach published his memoir on the geology of the 
Central Himalayas.=i 

This is, indeed, a standard work to the student of Himalayan geology, 
dealing with the vast area of high ranges of Garhwal and Kumaon, 
including Byans and some of the adjoining parts of Hundes. 

The fossil Cephalopoda collected by him in his researches were sent 
to Vienna and examined by E. v. Mojsisovics.4 They indicated the 
existence of several Triassic localities and horizons sufficiently rich in 
fossils to encourage the promotion of a special expedition into the 
Central Himalayas. This joint expedition of the Imperial Academy 
of Vienna and of the Geological Survey of India (May to October 1892), 
in which Diener, Griesbach and Middlemiss took part, made a detailed 
survey of the Bambanag and Shalshal cliff sections and had the good 
fortune to discover the remarkable region of exotic blocks near Chitichun 
No. I. 

I C. L. Griesbach : Geological notes, Records, Geol. Surv. of India, XXII, 1889, 
pp. 158, 167. 

2 R. Lydekker : The Geology of the Ka.shmir and Chamba territories, and 
the British district of Khagan. Mem., Geol. Surv. of India, Vol. XXII, 1883. 

3 C. L. Griesbach: Geology of the Central Himalayas. Mem., Geel. Surv, of 
India, Vol. XXIII, 1891. 

4 E. v. Mojsisovics: Vorlaufige Bemerkungen ueber die Cephalopodenfaunen 
dcr Himalaya-Trias. Sitzgsber-Kais .• 1l;arl. d. Wisscnsch. C. I. Abt. I. p. 272. 
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Large collections from all the fossiliferous Triassic beds were obtained, 
but Griesbach's classification of the Triassic system underwent only 
slight modification. The most important, perhaps, was the evidence
supported by the palreontological researches of Bittner and F. E. 
Suess-that beds with Koessen types were not known to occur in the 
Himalayas of Painkhanda and Johar, and that Griesbach's "Upper 
Rhretic" is in fact younger, probably Lias. The boundary between the 
Triassic and Jurassic systems is consequently to be drawn considerably 
lower in the sequence of beds than was done by Griesbach. 

In addition to Diener's detailed account of the stratigraphical results 
of the expedition in 1892, 1 C. Diener, 2 E. v Mojsisovics '3 and A. 
Bittner 1 have published exhaustive descriptions of the various Triassio 
fossil faunre in series XV of the Pal03ontologia Indica. 

Those palreontological researches offered the possibility of a detailed 
comparison of the succession of the individual Triassic faunre both in the 
Himalayas and in the Eastern Alps. They might even seem to justify 
the opinion that our knowledge of the Himalayan Trias had arrived at 
a point beyond which no new results of any great importance could be 
expected. But although this may be true to some extent with regard 
to the sections of Painkhanda and Wes tern Johar, the Trias of the 
Himalayas as a whole was by no means known in great detail. 

Even in the two classical sections of the Bambanag and Shalshal cliffs 
two gaps had to be filled by later examinations, the absence of the 
ladinic stage and of beds representing the zone of Tropites subbullatus. 
On the other hand considerable interest in Himalayan geology had 
been aroused by the memoirs mentioned above. 

After several years' intermission the geological survey of the higher 
ranges of the Himalayas was resumed in 1898. H. Hayden was deputed 
to Spiti and made detailed studies in the Palreozoic and Triassic regions 

l C. Diener: Ergebnisse einer geologischen Expedition in den Central Himalaya 
von Johar, Hundus und Painkhanda, Denkschr. Kais. Akad. d. W1'.ss., LXII, 1895, 
pp. 533·608. 

2 C. Diener: Cephalopoda of the Muschelkalk, Himalayan Fossils, Palceon!ologia 
Indica, ser. XV, Vol. II, Pt. 2, (1895). Cephalopoda of the Lower Trias, ibidem 
Vol. II, Pt. 1, (1897). 

8 E. v. Mojsisovics: Upper Triassic Cephalopodafaunaiofthe Himalayas, ibidem 
Vol. III, Pt. 1, (1899). The German original was published in 1896 in Vol. LXIII 
of the Denkschr. d. Kais. Akad. d. Wissensch. 

4 A. Bittner: Trias Brachiopoda and Lamellibranchiata of the Himalayas, 
Palr.eontologia Indica, l. c., Vol. III, Pt. 2, (189!l). 
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8 DIENER: TRIAS OF TIIE IIIMALA.YAS. 

of the upper Pin valley and adjoining areas. The survey work was 
continued in Spiti during the summer of 1899 by H. Hayden and A. 
van Krafft. The Triassic beds were found to be of greater thickness and 
to contain a larger number of fossiliferous horizons than in the sections 
of Painkhanda studied by Griesbach and Diener. Three distinct strati
graphical horizons were observed in the Lower Trias (Scythian stage) and 
an equal number in the Muschelkalk. Both the la<linic stage an<l the 
zone of Tropites subbullatus, which Griesbach and Diener had failed to 
recognise in Painkhanda, proved to be especially well developed. At the 
base of the Dachsteinkalk a series of quartzites and shall~S, not known 
from the Bambanag and Shalshal cliffs, were found to constitute a 
well-marked stratigraphical horizon.' 

In the season of 1898 T. H. D. La Touche was charged with a detailed 
survey of the upper Lissar valley and F. H. Smith with the survey of 
Byans. The work of the latter geologist was resumed in 1900 by 
A. v. Krafft. Large collections were made from the Lower Trias, the 
Muschelkalk, and the Tropites limestone. Descriptions and figures of 
the fauna of the latter were published by Diener in Vol. V of the 
"Himalayan Fossils." 2 

After his survey of Byans A. v. Krafft visited the sections of the 
Bambanag and Shalshal cliffs, in order to make a comparison with the 
Spiti sections based on personal examination. 

He was able to prove the ladinic stage to be represented there, 
although poor in fossils and extremely reduced in thickness. He abo 
found his classification of the Muschelkalk, as adopted for Spiti, to 
be correct. On the progress attained by him with respect to the 
subdivisions of the Muschelkalk, he has rep'.)rted in a special paper.; 

Both in the Halorites beds and in the Traumatocrinus limestone he 
collected a large number of fossils, which were examined subsequently 
by C. Diener.'1 

1 A. v. Krafft : Stratigraphical note~ on the mesozoic rocks of Spiti, General 
Report, Geol. Surv. of India, 1899-1900, pp. 199-2:!0. 

2 C. Diener : The fauna of the Tropites limestone of .Byans. Palwontologia 
Indica, ser. XV, Vol. V, Pt. 1, (1906). 

3 A. v. Krafft: Zur Gliederung des Muschelkalkes im Hinuilaya. l"erhanrtl. K. 
K. Geol. Reichsanst., 1901, p. 52. 

4 C. Diener: Note on some fossils from the Halorites limestone of the Bam
banag cliff (Kumaon), collected by the late Dr. A. v. Krafft. in the year 1900. 
Records, Geol. Surv. oi India, Vol. XXXIV, 1906, pp. 1-11. The fauna of the 
Traumatocrious limestone. Palwont. Ind., ser. XV, Vol. VI, Pt. 2, (1909). 
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A. v. Krafft's greatest success was the discovery of rich Triassic and 
Liassic faunre in the exotic blocks of Malla Johar, where the Mesozoic 
beds are developed in a facies differing completely from the normal 
facies of the main sedimentary belt of the Central Himalayas. The 
stratigraphical and.tectonic results of his survey have been summar
ized in a very interesting paper.1 Soon after having finished his 
manuscript, he died suddenly on the 22nd September 1901. By his 
death the Geological Survey of India suffered the loss of a most valuable 
Himalayan explorer. 

In 1900 a new problem came up, concerning particularly the cor
relation of the Lower Triassic beds of the Himalayas and the Salt 
Range. 

In the Salt Range, which had given the most perfect sections of 
upper Palreozoic and Lower Triassic formations, there appeared a 
complete series of beds distinguished by easily recognised differences in 
their lithological characters and in their fossils. A lower division, the 
Productus limestone, had been assigned to the Permian, and an upper 
one, the Ceratite formation to the Triassic system. 

N oetling's researches in the Salt Range had led him to views 
regarding the Permo-Triassic boundary in the Ceratite beds which 
differed considerably from those of previous workers both in that 
area an<l in the Central Himalayas. In 1900 he visited the sections of 
the Shalshal cliff an<l of the vicinity of the Niti Pass, in order to study 
the boundary between the undoubted Permian and the Otoceras be<ls. 
His proposal to draw the actual boundary between the Permian and 
Triassic systems above the top of the Otoceras beds, has given rise to 
a careful discussion of all the points, in which he and Diener differed in 
their interpretation. 

In this discussion N oetling was supported by A. v. Krafft, Diener by 
J. P. Smith. 2 

-------·----

1 A. v. Krafft: Xotes on the exotic blocks of l\Ialla Johar in the Bhot l\Iahals 
of Kumaon. Mem. Geol. Surr. of Inclia, Vol. XXXII, Pt. 3, 1902.--J<'or descrip
tions an<l figures of fossils, vide C. Diener, Triassic and Liassic faunro from the 
exotic blocks of Malla Johar in the Bhot l\fahals of Kumaon. Palreont. Ind., ser. 
XV, Vol. I, Pt. 1, (1908). 

F. Noetling: Die Otoceras beds in India. Centralblattf. Mineral, etc., 1900, 
p. 216, and General Report, Geol. Surv. of Jndiµ, for 1900-01, .p. 28. .A. v. Krafft: 
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10 DIE~ER: 'l'RIAS OF tHE HIMALAYAS. 

After the death of A. v. Krafft the task of finishing the survey of 
Spiti and Rupshu devolved upon H. Hayden. The results of his work 
carried out during the three seasons of 1898, 1899 and 1901, were 
exposed in a memoir, in which the chapter dealing with the Triassic 
rocks, has been based chiefly on the notes left by his late companion 
in the field. 1 

Of the rich fossil materials collected by those distinguished officers 
in the Muschelkalk and in the Upper Trias only a cursory examination 
had been made by A. v. Krafft. 2 A full account, with the descriptions 
and figures of new forms discovered eince 1897, was published in the 
Palmontologia Indica by Diener,'3 who also undertook the work of 
revising and editing a monograph of the Cephalopoda from the Lower 
Trias, which had been left unfinished by A. v. Krafft in 1901.~ 

A synopsis of the stratigraphy of the Trias in Asia by F. Noetling,'· 
which appeared in 1905, deserves special mention. As I shall have to 
refer to this memoir repeatedly, a short abstract will be found useful. 

As the best representative of the ludo-Chinese zoogeographical pro
vince, the Trias of the Himalayas is treated rather extensively. The 
boundary between the Permian and Triassic systems is drawn by 
Noetling above the Otoceras beds, according to his views expressed in 
1900. The Trias begins with the zone of Proptychites ( Prionow"bu1>) 
Markhami Dien., and includes ten cephalopod-bearing horizons, 

Ueber das permische Alter der Otoceras-Stufe des Himalaya. Uentralblatt /. 
Mineral, 1901, p. 275; C. Diener: Ueber das Alter der Otoceras beds des Hima
laya, ibidem, p. 510; C. Diener: Zur Frage des Alters der Otoceras beds im Hima· 
laya, ibid., p. 655. F. Noetling in F. Frech, Lethrea Palreozoica, II, Dyas, p. 653; 
F. Noetling : Ueber das Alter der Otoceras Schichten von Rimkin Paiar (Pain
khanda) im Himalaya. Neues Jahrb. f. Mineral, Beil. Bd. XVIII, p. 258. C. 
Diener: Ueber die stratigraphische Stellung der Otoceras beds des Himalaya, 
Centralbl. f. Mineral, 1905, pp. 1-9, 36-45. 

1 H. Hayden: The geology of Spiti, with parts of Bashahr and Rupshu, Mem. 
Geol. Surv. of India, Vol. XXXVI, Pt. 1, 1904. 

SA. v. Krafft: GeneralReportGeol. Surv. of India, 1898-99, pp.11-12. 
8 C. Diener: The fauna of the Himalayan Muschelkalk, Palreont. lndica, set. 

XV, Himalayan, Foss. Vol. V, Pt. 2, (1907); Ladinic, carni and noric fauna< of 
Spiti, ibidem, Vol. V, Pt. 3, (1908). 

4 Palr.eontologia lndica, ser. XV, Himal. Foss., Vol. VI, Pt. 1, (1909). 
6 F, Noetliog: Die asia.tische Trias, Lethrea geognostica, II, Teil, Das Mesozoic

um, Bcl.1, rr'riu, 2. Liefg., Stuttgart, Schweizerbart, 1905. 
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distinguished by their fauna. Those horizons are enumerated by Noet
ling, as follows :-

Upper Trias 

Middle Trias 

Lower Trias 

( 10. Sagenites beds. 
I 9. Halorites beds. 
~ 8. H auerites beds. 
I 7. Tropites beds. 
l 6. Joannites beds. 

{ 
5. Ptychites beds. 
4. Robustites beds. 

{ 3. Stephanites beds. 
2. Hedenstrwmia beds. 
1. Priono"lobus beds, 

Regarding the Lower Trias, Noetling admits that the Stephanites 
beds1 are only known from Byans and that there is no evidence of 
their being overlain directly by the Robustites beds (with Ceratites 
subrobustus). 

He considers the mass of unfossiliferous limestone resting conform
ably on the horizon of Rhynchonella Griesbachi and followed by the 
beds containing Spirif erina Stracheyi as the lowest element of the 
.Middle Trias (Muschelkalk) ; for this mass of limestones the name of 
Niti limestone is introduced. 

In Spiti the boundary line between the ladinic and carnic stages is 
drawn by him right across the Grey beds, although their basal Cepha
lopod horizon with Joannites cymbiformis contain::; a fauna of decidedly 
carnic habit. The Daonella beds with Halobia comata of the Shalshal 
cliff are also correlated erroneously with the ladinic stage (page 147). 

The great difference in the thickness of nearly all the zones of 
Upper Triassic age in Spiti and Painkhanda which is abundantly evi
dent from A. v. Krafft's sections, is considered doubtful. The affinities 
between the Himalayan and Alpine faurne of Middle and Upper Triassic 
age appear to him rather distant. " The affinities with the Alpine 
Trias are marked by a general relationship, by the association of 
various genera only (page 158).2 The faunre of Lower Triassic age have 
no affinity whatever with those of the Eastern Alps. There is, indeed, 

l The genus Stephanites is altogether unknown from the Lower Trias of the 
Himalayas. 

2 This statement is contradicted by a footnote, which has been added by 
Frech. 
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no strict evidence for the homotaxy with the Buntsandstein of the 
beds underlying the Niti limestone." 

The annexed table clearly shows the progress which has been 
made in the classifi.ca.tion of the Himilayan Trias since 1865. 

The stratigraphy of the Trias in the Central Himilayas is fixed with 
sufficient certainty now to exclude the probability of any considerable 
alterations in the sequence of horizons. It is necessary to lay special 
stress on the fact that, even where differences of opinion still exist 
between two authors-as for instance in the case of the question of the 
Permo-Triassic boundary-those authors agree in their views concerning 
the local stratigraphy, as established in the classical sections of Spiti 
and Painkhanda. It is in the interpretation of the facts observed that 
they differ, not in the facts them~elves. 



I I Stoliczka Spiti, I Griesbach Painkhanda., 1891. Diener Painkhanda, 1895. 
1864. 

-------1---~-------~-------·l----~-------,-1 ----~--;-~-------·--~--

Hayden and A. v. Kralft, Spiti, l!MH. 

Lower 'fagling 
limestone 
=K<11eeen beds 
(Lower Lias) 

13. Grey crinoid limestone 
thick bedded. with 
intercalated shales, rich 
in bra.cbiopods and 
bivalves. 

Passage beds 

Para Limo•toue 
= Rbietie. -- - --------!-------

12. Litho<lendron limestone, 
interbedded with sand
stones, crinoid Jimestone 
and shales, with Kcessen 
types. 

11. Thick bedded limestone 
with Megalodon. 

_______ .11 10. Dolomite and limestone. 

J4ilang Meries = 
upper Trias. 

Kuling series= 
Carboniferous. 

J,ydekker Kash
miri, 1883. 

9. J,iver coloured limestone 
and greenish •hales with 
Corbis Mellingi. 

8. Greenish grny shales and 
shaly limestonr, with 
Spirifet lilangenais. 

7. Ha.rd grey li•uestone, 
marly and shaly beds, 
with Tropile• Fei•tman
teli. 

-------
116. Bl•ck limestones and 

splintery black shales 
__ _(~a.onell~eds). __ _ 

SLtpra-Knling 
series (in pa'f'te) . 

Knling series= 
Carboniferous. 

5. Hard grey limestone, 
with Pt_ychitea Gerardi. 

4. Earthy limestone, with 
Rkynchonella c.f, setni
plecta "ar. 

3. Illa.ck limestones and 
shales with _Yorites 
planul at us. 

2. Black litnestones and 
l:ihalcs with Otoce,ras 
Woodwa,.di. 

I. Productus shales 

Hanptlithod en-
dronkalk and 
Kwssen beds 
(Upper Rhretic ). 

Da.chstcinkalk • 
Hanptdolomit 

lLower Rhretie) 

Upper Trias 

:\lnschelkalk 

Iluntsandstcin 

13. Thin bedded limeslones, ! J,ias ? 
with many bivalves. I 

18. Quartz itc series with 1-------i Spfriferina flriesbachi. 
12

" !~f~tt~thod!::d~~~~~1~ ! Da.chsteinkalk 17. Monotis shales Noric stage. 

19. Megalodon limestone. Lias auu 
teinka.lk. 

Dach•-

crinoids, Mcgalodus le .. I 16. Coral limestone with 
massive or 1bick bedded I Spiriferina Griesbachi. 
dolomites o.nd limcstones.1 15. Juvavites beds. 

i --------
1 ______ , I 
, 14. Tropites beds. , Carnie stage. 

11. Liver co1onrecl limestone: Noric stage 13. Grey shales. · 
with Sagenites. I 12. Halobia beds. I 

10. Dolomitic limestones [ I with Spiri.ferina Gries· --------- ----
1
------···--

bachi. I 11. Daonella limestone. ' La.dinlc stage. 

:: ll:~~r:;\"c"s t~~:. 10. Daonella shales. I 
i I 

;.-~hales --and ~i.:-e~tones I ! __________ _ 

;;;!a~f:~~~~~~:n<f"b:d:: j Carnie stage O. I;~:~J!~~1c with Ptychites Muschclkalk. 

o. Traumatocrinus Jc., with I a. Zone of Spiriferina 
J oannitea e.ymbiformis. i St't'acheyi and l'eratitea 

______ ! _______ , 7. N~~:i~s{i~~~etonc. i 

5. Massive ancl stratified i 
limestone with Ptychites ' 
rug if er. i' 

4. Earthy limestone with ' Muschelkalk 
Sibiritea P'l"ahlada and I 
Rhynchonella G'l"ieabachi. i 

-------
3. Snbrobnstns beds 

2. Otoeeras beds 

-·----------- -----·- ---
I 

6. ~haly le. with Rhyncho· 
t1ella Gt'iesbachi. , Lower Trias. 

5. H cdenstruomia beds. 
4. Mee'lcoceras zone. 

3. Opkiceras zone. 

-------------- ----
2. Otoceraa zone. 
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111,-0ENERAL DEVELOPMENT OF THE HIMALAYAN TRIAS. 

A broad sedimentary belt extends from Kashmir through Spiti, 
Garhwal and Kumaon to the N.-W. boundary of Nepal. 

In this sedimentary zone of fossiliferous deposits, which range from 
Middle Cambrian to Cretaceous, the Trias is developed in a facies of 
dark shales and limestones of exclusively marine origin. No igneous 
rocks have been noticed within the Triassic or Jurassic series. The 
limestones are of dark or grey colour, well bedded as a rule, and in some 
horizons either concretionary or dolomitic. In the majority of sections 
there is a remarkable contrast between the light grey dolomitic lime
stones of the upper and the dark coloured shales and limestones of the 
lower portion of the Triassic rocks, the total thickness of which a.mounts 
to more than 4,000 feet in Spiti. 

This normal development of the Himalayan Trias is chiefly charac
terised by the regular distribution of each single horizon over a com
paratively large area, and by the absence of a facies of red marble. 

In the region of the exotic blocks in Malla Johar and near Chitichun 
No. I, the Triassic strata show a development differing considerably 
from that observed in the normal sections of the main region of the 
Himalayas. In this region the Triassic system is of only comparatively 
small thickness, and most of the Triassic horizons are developed 
in a facies of red limestone and marble exhibiting a striking resemblance 
to the Hallstatt limestone of the Eastern Alps. Especially in the beds 
of the carnic stage are there remarkable agreements with their homo
taxial equivalents in the Mediterranean region, the agreement being 
faunistic as well as lithological. 

Thus two regions of different development can be distinguished 
within the area of Triassic rocks in the Central Himalayas, one of them 
representing the normal facies of the Mesozoic belt, and the other 
representing the facies of exotic blocks connected intimately with 
igneous intrusions. 

The former A. v. Krafft termed the Himalayan and the latter the 
Tibetan facies of the marine Trias. 
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A. Himalayan Facies. 

I. THE LOWER TRIAS, 

a. Spiti. 

The most complete section ·of the marine lower Trias is found in 
Spiti, although in thickness it is inferior to that of Painkhanda and 
Byans. 

Lower Triassic fossils were known from the Himalayas as far back 
as 1865, when C. W. Guembel 1 recognised in the collections of the 
brothers von Schlagintweit several species of bivalves, which he identi
fied with Anodontophora fassaensis Wissm., Lima costata Muenst., 
Nucula Goldfussi Alb. from the Werfen beds of the Eastern Alps. The 
locality from which those fossils are quoted is Balamsali near Dankhar. 
The identity of this locality with a place near Lilang in Spiti is very 
doubtful, as will be shown below. 

Stoliczka failed to recognise the existence of lower Triassic rocks in 
Spiti. The credit of their discovery in situ is due to C. L. Griesbach. 
He found the lowest beds, following immediately above the Permian 
Productus, or Kuling, shales to contain the fauna of the Otoceras beds, 
discovered by him in 1879 in the Painkhanda sections near the Niti 
pass. 

He also recognised that a second higher division was present in the 
Lower Triassic section of Muth, although he did not separate the two 
horizons distinctly. 

The Spiti sections were studied in great detail by H. Hayden and 
A. v. Krafft in 1899. On their researches and on the examination by 
Diener of their rich collections the following statements are based. 

The best exposures of lower Triassic rocks have been observed in a 
section near Lilang. The sequence2 is as follows, in descending order:-

1 C. W. Guembel: Ueber das Vorkommen von unteren 'l'riasschichten in Hoch
asien, nach den von den Gebruedern Schla.gintweit gesammelten Fossilstuecken 
beurteilt. Sitzgsber. kgl. bayr. Akad., Muenchen, 1865, Pt. 2, p. 348. 

2 Described in General Report Geol. Surv. of India for 1899-1900, p. 200, and 
in H. Hayden, Geology of Spiti, l. c., pp. 63-67. 
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Ft. In. 

11. Nodular limestone. 
10. Calcareous shales 

9. Shaly limestone 

60 O; (Niti limestone, Noetling). 
6 O ; containing Rhynchonella Griesbachi 

Bittn. 
; containing Pseu<iomonotis himaica 

Bittn. 
8. Grey shaly limestones and 24 0 ; unfossiliferous. 

grey shales, alternating very 
regularly. 

7. Nodular limestone with very 5 7; wi'th Hedenstr<Rmia M ojsisovic.Yi, 
Pseudosagl'-thin shaly partings. Xenodiscus nimlis, 

ceras mulilobatum. 
6. Grey shaly limestones 
5. Shales 
.i. Concretionary limestones and 

shales. 
3. Grey limestones . 

2. Sandy limestones weathering 
brown. 

0 7 ; 1 poor in fossils. No determinablu 
0 10; J ammonites. 
3 O ; very rich in M eekoceras, especially 

M. lilangense and M. Varaha. 
I 5; containing Ophiceras Sakunta/,a and 

Pseudomonotis Griesbachi. 
7 ; no fossils. 

I. Rusty brown, 
limestone. 

ferruginous 0 5; Ophiceras £liv. sp., Otoceras sp. 

Productus, or Kuling shales. 

In this, as in several other sections, the band of grey shaly lime
stones and shales (5 and 6), from which no determinable ammonites 
have been obtained, marks a lithological as well as a faunistic boundary 
between a lower and an upper division of the sequence of beds which 
are exposed between the Permian Productus shales and the nodular 
limestone of the Muschelkalk. 

This boundary is marked even more strongly in the section S. E. of 
Muth, because the bands 5 and 6 there reach a thickness of four feet 
and are entirely unfossiliferous, whereas the ammonites restricted to 
bed 7 in the Lilang section occur throughout the entire series of thin
bedded grey shales and limestones (8) in the hills S. E. of Muth. 

It has therefore been found convenient to divide the lower Trias of 
Spiti into two divisions, the lower of these comprising beds 1 to 4 and 
reaching an entire thickness of 6 feet 5 inches only, the upper com
prising beds 6 to 10 and attaining a thickness of 35 feet 7 inches in the 
Lilang section. 

The genus Otoceras Griesb. is restricted to the rusty brown ferrugi
nous limestone at the very base of the series. Even here it is very rare, 
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[n the large collections which were made by H. Hayden and A. v. Krafft, 
the following species are represented :-

Otoceras Woodwardi Griesb. (Khar, 5 miles S. of Ensa, S. E. of 
Muth, Kuling). 

,, cf. undatum Griesb. (5 miles S. of Enst). 
,, Olivei Dien. (5 miles S. of Ensa, S. E. of Muth, S. W. of 

" 
Gaichund). 

,, nov. sp. ind. aff. Olivei Dien. (S. W. of Gaichund). 

They occur together with Episageceras Dalailamaro Dien., Prosphin· 
gites nala Dien. and several species of Ophiceras, especially 0. Sakuntala 
Dien., which is also the most frequent companion of the genus Otoceras 
in the corresponding beds of Painkhanda. 

From the higher beds of the lower Trias of Spiti Otoceras is com· 
pletely absent. 

The next fossiliferous horizon is bed 3. Both Ophiceras and Pseurlo
monotis Griesbachi-a representative of the Alpine group of Olaraia
are very common. The genus Ophiceras Griesb. is represented by the 
following species :-

Ophiceras Sakuntala Dien. 

" 
" 
" 

tibeticum Griesb. 
cf. demissum Opp. 
Chamunda Dien. 

Xenodiscus radians Waag. also occurs in this main layer of Ophiceras, 
whereas the presence of Meekoceras, although quoted by A. v. Krafft 
(General Report Geol. Surv. of India for 1899-1900, p. 200) and Hayden 
(Geology of Spiti, 1. c., pp. 63, 65), cannot yet be considered as beyond 
dispute. 

Whereas in bed 3 Ophiceras is the predominating genus, it is 
extremely rare in bed 4, being represented there by a single species only 
(Ophiceras obtuso-angulatum Dien.). Its place is taken by the genus 
Meekoceras. Including the two subgenera Aspidites and KoninckitC$, 

not less than fourteen species are present, namely:--

c 

Meekoceras Varaha Dien. 

" 
" 
" 
" 

Markhami Dien. 
lilangense Krafft. 
lingtiense Krafft. 
tenuistriatum Krafft 
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M eelwceras rugosmn Krafft. 
,, jolinkense Krafft. 
,, di"scifornw Krafft. 
,, cf. discus Waag. 

Aspidites spitiensis Krafft. 

" 
ensanus Krafft. 

,, crassus Krafft. 
Koninckites Haydeni Krafft. 

,. alterammonoides Krafft. 

To those species of ammonites must be added :
Xenodiscus radwns Waag. 

,, lilangensis v. Krafft. 
Hedenstrmmw lilangensis v. Krafft, the most prim1t1ve sprcirs 

of this genus, together with a new genus, nearly allied to 
Hedenstrmrnia, but holding a position intermediate between it 
and Pseudosar1eceras in the arrangement of its sutural line. 

Of Nautiloidea one species only-Grypoceras lilanqense Krafft-is at 
present known. 

Lithologically the Opkiceras beds and th~· il!eekoceras beds are 
connected so intimately, that A. v. Krafft and H. Hayden did not 
succeed in keeping separate the fossils which they collected in some of 
their detailed sections. Those two faunistic subdivisions should 
therefore not be taken as sharply defined stratigraphical horizons of 
paramount importance. The two faunre are, it is true, as a whole 
distinct, but it must be understood that we cannot yet say anything 
definite about their affinities, the original layer of a considerable 
number of species, which are perhaps common to both of them, re
maining uncertain. 1 

l There are not. less than thirteen species of doubtful stratigraphical position. 
namely:

Meekoceras boreale Dien. Xenodiscus rigid11.~ Dien. 
rotula Waag. cf. radiosum Waag. 

dubium Krafft. cf. plicosus Wa.ag. 
kyokticum Krafft. 

Aspidites Vidarbha Dien. 
Proptychites l!fpiCU8 Krafft. 

sp. ind. afj. typico. 

Nannites hindostanus Dien. 
,, Herberti Dien. 

Flemingites Guycrdeti Dien. 

All of these certainly belong to the lower division of the Lower 
particular horizon in which they have their habitat, is not. known. 
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Thus from a faunistic point of view we can distinguish three subdivi
sions in the lower portion of the Lower Trias ot Spiti, namely, the 
Otoceras bed (1), the Oph1:ceras Led (3), the Meekocems bed (4), each of 
them being characterised by the abundance-but not, as a rule, the 
exclusive occurrerice-of one genus of ammonite, which predominates 
in that particular horizon. 

Beds 7 and 8, which are separated in all sections studied by Hayden 
and A. v. Krafft, by a band of unfossiliferous rock from I! to 4 feet in 
thickness from the lower division (Meekoceras bed), contain a fauna of 
uniform character, in which some species of Xenod'iscus (especially X. 
nivalis Dien.), Hedenstrmmia and Flerningites predominate. For this 
horizon the name of " Hedenstrmmia beds " or " Zone of Flerningites 
Rohilla" has been proposed by A. v. Krafft. A rich fauna of this horizon 
was first discovered by C. L. Griesbach in 1883 S. E. of the village 
of '.Huth, antl its stratigraphical independence w&s recognised by Diener 
in 1895. 

The fauna of the He<lenstrcemia beds of Spiti comprises the 
following species of Cephalopoda:-

c 2 

Pleuronautil1ts Dieneri Krafft . 
. ll eekocerns pseudo plan ulat um Krafft. 

sp. ind. afj. pilato Hyatt et s,nith. 
,, cf. joharense Krafft. 
,, solitarium Krafft. 

Aspidites Muthianus Krafft. 
superbiformis Dien. 

,, nov. sp. i:nd. afj. superbo Waag. 
Koninckites Y ud'ishthira Dien. 

,, giganteits Krafft. 
Xenodiscus f{npih Dien. 

" 
Purusha Dien. 
nivalis Dien. 

,, nov. sp. ind. ex. afj. nivalis. 
,, cf. trapezoidalis Waag. 
,, asiaticus Krafft. 

Flemingites Rohilla Dien. 

" 
M uthensis Krafft. 

" 
'Jriesbachi Krafft .. 
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F"lemingites Salya Dien. 
,, sp. ind. ex. afj. Salya. 
,, nov. sp. ind. 

Ceratites pumilio Krafft. 
Prionites nov. sp. ind. 
Tirolites injucundus Krafft. 
Nanites hindostanus Dien. 

" 
medius Dien. 

Pseudosagecems multilobatum Noetl. 
Hedenstr(l!mia Mojsisovicsi Dien. 

" 
muthiana Krafft. 

Sibirites spitiensis Krafft. 

There is only one single species, Nannites hindostanus Dien., which 
connects the fauna:i of the Hedenstrcemia beds and of the lower divi
sion of the Lower Trias. Otherwise the two are separated much morr 
distinctly than those of the Meekoceras and Ophiceras beds. 

The presence of the first true Ceratites, of numerous species of 
F"lemingites, of Hedenstr(l!mia with sutures far more advanced than 
in H. lilangensis, of species of Aspidites and Koninckites of large size 
and with complicated sutures, imparts to the fauna of the Hedenstrce
mia beds its peculiar aspect. 

On the top of the Hedenstrcemia beds there follow lithologically 
similar beds of shales and limestones having a thickness of about G feet. 
Two fossiliferous horizons were discovered in those beds by H. Hayden. 
The lower horizon has yielded large numbers of bivalves, chiefly 
Pseudomonotis himaica Bittn. and Ps. decidens Bittn. The upper horizon 
with Rhynchonella Griesbachi Bittn., and Rh. hirnaica Bittn., corresponds 
to a layer, which m Painkhanda has been included in the lower 
Muschelkalk by G!iesbach and Diener. 

b. Painkhanda. 

Our knowledge of the development of the Lower Trias in Painkhanda 
has been derived chiefly from the examination of the classical section 
of the Shalshal cliff near Rim.kin Paiar by C. L. Griesbach, C. Diener and 
F. N oetling. 

In 1879 the Otoceras fauna was discovered by C. L. Griesbach on the 
top of the Permian Productus shales. The bed containing this fauna was 
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considered by him as a passage bed, whereas all the beds of dark lime
stone and shale following above, up to the earthy limestone with Rhyn
chonella Griesbachi Bittn., amounting to 51 feet in thickness, were assigned 
to the Lower Trias. 

In 1892 a second fossiliferous horizon was discovered by Diener in 
the upper division of this rock group, not far below the lower limit of the 
earthy limestone with Rhynchonella Grie8bachi. In 1900 F. Noetling dis
covered a third fossiliferous bed in the lower division of the Lower Trias 
about 21 feet above the top of the Kuling (Productus) shales . 

• 
-- -->-:_-:.:_:_::-:~::_ 

--

8 . 

Fm. !.-Detailed sections through the LoU'er Trias near Lilang (left) and of the 

Shalshal cliff (right). 
Figures corresponding to the text on pp. 16 and 22. 
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Although the correlation of those horizons has been the subject of 
rnanv discussions, the learned authors who have examined the section of 
the Shalshal cliff, agree entireiy regarding the actual sequence of the 
Lower Triassic beds. According to Noetling's 1 and Diener's observa
tions, this sequence is as follows, in descending order 2 :-

9. Hard, splintery, nodular limestone (Ni ti limestone) 60 feet. 
8. Earthy, grey limestone, shaly near base, with Rhynclwnellci 

Griesbachi and Sibiriws Prahlarla : 3 ft. 
7. Thin-bedded, grey limestone, with regular partings of shale, 

containing Flemingites Rohillci and Pseudonwnotis hinuiicu 

near top : 25 ft. 
6. Grey limestone, divided into two bands by a shaly parting 

No determinable fossils : 5 ft. 
5. Dark concretionary limestone, containing the main-layer of 

Meekoceras Mcirkluuni and M. Varahct : 8 ins. 
-!. Dark-blue shales, separated by a band of grey limestone. 

U nfossiliferous : 18 ft. 
:l. Dark blue limestone, with Otoceras W oodwardi and 0 phiceras 

tibet1cwn : 5 ins. 
2. Dark hard clay, with limestone concretions, containing very 

few fossils (Ep,;wtgecems Dalrtilwnw, Proptychites Schei

bleri) : 1 t ft. 
l. Dark-blue limestone, main-layer of Otoceras Woodwardi and 

Ophicems Scikuntala. Near top very rich in Pseudomonotis 
Griesbachi : 1 ft. 

Productus or Kuling shales. Dark, thin-bedded shales, with 
partings of concretionary limestone. 

Of the section of Kiunglung, e.rf.', on the southern slope of the Niti 
pass, our knowledge is less complete. 

l F. Noetling: Ueber das Alter de1· Otocerasschichten von Rimkin Paiar (Pain
khanda) im Himalaya. Neues Jahrb. f. Miner, etc., Beilagebd, XVIII, 1904, p. 541 ; 
Lethrea mesozoica Bd. I. Asiatische Trias, 1905, pp. 128, 149. 

2 Noetling's measurements, as gi\·en on pages 541 and 544 of his memoir on the 
age of the Otoceras beds of Rimkin Paiar, do not agree. On p. 541 the thickness 
of unfossiliferous beds between beds 3 and 5 is estimated at 10 feet, whereas it is 
estimated (more correctly) at (i metres on page 544. The thickness of the He<len
strmmia beds is given as 20 feet on p. 341, whereas it is estimated at 10 or 12 metres 
on p. 149 of the Lelhrea mesozoica (Asiatische Trias, I. c.). The higher figures agree 
better with Griesbach' s and my own measw·eruent-s. 
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Bed I is the main layer of Otoceras Woodwardi Griesb., which is, how
ever, far inferior to 0. Sakuntala in number of individuals. From bed 
2 two specimens of ammonites only are known to me. Both were 
collected by myself in 1892. There is no specimen from this bed either 
111 Noetling's or in A. v. Krafft's collections. My species are:-

Episageceras Dalailamm Dien. 
Proptychites Scheibleri Dien. 

Of the first species a fragment has also been discovered in bed 1, the 
main layer of the genus Otoceras. 

In bed :3 Ophiceras tibeticit1n, which occurs also in bed l, still persists 
together with the genus Otocems, which is, however, rare and represented 
there by a variety of 0. Woodwardi. 

Those three beds, with their uniform fauna. can therefore be united 
i 11 one single division, to which the name of " Otoceras beds," as pro
posed in 1879 by C. L. Griesbach, has been restricted by Noetling. 

The fauna occurring in the Otoceras beds of Painkhanda is com
posed of the following species of Cephalopoda : 

arypoceras brahmanicum Griesb. 
Episageceras Dalailamm Dien. 
Otoceras Woodwardi Griesb. 

" 
" 
" 

undatum Griesb. 
Olivei Dien. 
Dra'Upadi Dien. 
fissisellatum Dien. 
Parbati Dien. 

Hungarites sp. ind. 
Ophiceras Sakuntala Dien. 

tibeticum Griesb. 
,, medium Griesb. 
,, yibbosom Griesb. 
,, demissnm Opp. 
,, ptyclwdes Dien. 
,, serpentinum Dien. 
,, stricturatum Frech et Noetl. 

.vleekoceras Ilodgsoni Dien. 
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Proptychites Scheibleri Dien. 
Prosphingites Karna Dien. 

,, nala Dien. 
Xenodiscits himalayanus Griesb. 
Vishnuites Pralamblia Dien. 

On the top of bed l, Pseudomonotis (Olaraia) Griesbachi Bittn. is most 
common, but not restricted to this bed exclusively. 

Bed 5, which is separated from the topmost fossiliferous bed of the 
Otoceras stage by a mass of dark blue shales with limestone partings, 
18 feet in thickness, contains the Meekoceras-fauna, discovered by 
N oetling in 1900. 

It is less rich in species than in the Spiti sections, the commonest 
types being Meekoceras Markhami Dien. and M. Varalia Dien. Besides 
these we have to enumerate :-

Meekoceras shalshalense Krafft. 
Aspidites s pitiensis Krafft. 

and with great probability at least, Meekoceras boreale Dien., and, ac
cording to Noetling (Lethcea mesozoica, I. c., p. 149), Meekoceras cf. 
radiosum Waag. and M. cf. discus Waag. 

Ophiceras tibeticum Griesb. probably also ranges from the Otoceras 
stage into the Meekoceras beds. One of Griesbach's specimens from the 
Shalshal cliff is marked bed 70 (25 feet above the layer of Otoceras 
Woodwardi). This is approximately the position of the fossiliferous 
layer of the Meekoceras beds. There is no valid reason for questioning 
the accuracy of Griesbach's statement. 

The lithological boundary between the lower and upper divisions of 
the Lower Trias in Painkhanda passes just along the top of the concre
tionary limestone containing the Meekoceras-fauna. The lowest bands 
of grey limestone (bed 6) are very poor in fossils, but such occur 
throughout the entire thickness of the higher beds (7), which consist of 
light grey limestones, 4 to 6 inches in thickness, and alternating very 
regularly with shales of less or equal thickness. The fauna is, however, 
less rich in species than in the corresponding beds of Spiti, in the 
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sections S. E. of Muth. The following Cephalopoda have been collected 
by Griesbach and DienerI:-

Pleuronautilus Dieneri Krafft. 
Xenodiscu,s nivalis Dien. 

,, Purusha Dien. 
Flemingites Rohilla Dien. 
Proavites Sisupala Dien. 

Pseudornonot1·s hirnaica Bittn. and Ps. deciden.~ Bittn. have also been 
quoted from bed 7 by Bittner, but their exact layer has not been as
certained. We do not know if they are distributed throughout the 
entire thickness of this subdivision or restricted to its topmost bed, as 
in the section at Lilang in Spiti. 

For this upper division of the Lower Trias in Painkhanda the name 
"Subrobustus beds" was proposed by Diener in 1895, because he consi
dered his type-specimen of Ceratites subrobustus ( = Keyserlingites Dieneri 
Mojs.) to have been derived from its topmo~t layers, in which Fleming

ites Rohilla is the chief leading fossil. But this specimen was probably 
extracted from a detached block of the overlying Muschelkalk, since 
H. Hayden and A. v. Krafft have obtained numerous examples of 
Keyserlingites (Durgaites) Dieneri and its allies from the Muschelkalk, 
but not a single specimen from the Lower Trias. In the face of such 
convincing evidence we are justified in claiming the Indian group of 
Ceratites subrobnsti (Durgaites) as a subgenus of Muschelkalk, not of
Lower Triassic, age. 

The name "Subrobustus beds" must consequently be discarded and 
replaced by the name "Hedenstrmmia beds," which was introduced 
for this rock-group (horizon of Flemingites Rohilla) by A. v. Krafft. 

c. Eastern Johar. 

The presence of marine sediments oi Lower Triassic age in Eastern 
Johar has been recorded by C. L. Griesbach and by T. D. La Touche 
in several sections oi the Dharma and Lissar valleys. 

-1 Tothl:list Hedenstmrnia Mojsisovicsi Dien. has been added by Noetling 
(Leth<Ea mesozoica, I. c., P· 149), lmt the specimens have not been found among the 
Lower Triassic materials belonging to the Geological Survey. 
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The Lower Trias seems to be developed in a facies of dark limestones 
and shales in the lower, and of light grey limestones in the upper, divi
sion. In the Lissar valley this group reaches an entire thickness of 80 
to 100 feet, according to Griesbach (Central Him<Uayas, I. c., p. 175). 

Palreontologically those two divisions are well characterised by two 
different associations of fossils, which can be easily distinguished among 
the collections of those two learned authors, which were made on the 
crest of a ridge separating the Lissar and Dharma valleys. The presence 
of the lower division, including equivalents of the Otoceras and Meeko
ceras beds. is clearly proved by the following species :-

Pseudomonotis (Cluraia) Grie.~b<whi Bittn. 
Xenodiscus hirnalayanus Griesb. 

cf. rotula Waag. 
Ophiceras Sakuntala Dien. 
Proptychites typicus Krafft. 
itleekoceras boreale Dien. 

,, dubium 'Krafft. 
Aspidites Vidarbha Dien. 

The upper division of the Lower Trias (He<lenstrcemia beds) 1s indi
cated by Xenodiscus Puruslut Dien. 

d. Byans. 

The Lower Trias of By ans differs considerably from that of Johar, 
Painkhanda and Spiti. 

According to the notes of F. H. Smith (1899) and .A. v. Krafft (1900), 
it is represented by a mass of chocolate limestone attaining about lf)U 

feet in thickness. This limestone passes by interstratification into the 
underlying Productus, or Kuling, shales. No fossils have been found in 
those passage-beds by Smith, but near the base of the compact, choeo
late-coloured limestone both A. v. Krafft and F. H. Smith have collected 
numerous fossils in a sandy rock near Jolinka and Kuti. They point 
distinctly to the lower division of the Lower Trias. 

One species, Ophiceras cf. serpentinum Dien., is characteristic of the 
Otoceras stage. The rest are chieflv elements of the Meekoceras fauna 

J ' 

namely:--

.tleekoceras boreale Dien. 
,, dubium Krafft. 
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Meekoceras jolinkense Krafft. 
Aspid,ites spitieni;is Krafft. 

,, Vidarbha Dien. 
Proptychites typicus Krafft. 
Xerwdiscus radians Waag. 

,, rotula Waag. 

27 

The presence of the upper division of the Lower Trias in the 
d10colate limestone of Kalapani, Lilinthi, Jolinka and Kuti is indicated 
by the following species of ammonites :-

Fkmingites cf. Griesbachi Krafft. 
Hedenstrmmia Mojsisovicsi Dien. 

" 
acuta Kafft. 

From Jolinka only the following species of Sibi,rites are known:

Sibrites spiniger Krafft. 

" 
" 

robustu.s Krafft. 
sp. ind. aff. robusto. 
stephanitiformis Krafft. 

Together with a considerable number of new species of this genus 
which are too badly preserved to permit of specific determination. 

In the fauna of J olinka a peculiar element is represented by the 
genus Sibirites, which is comparatively rich in species and was regarded 
by the late Dr. A. v. Krafft as indicative of a special palreontological 
horizon. 

e. J(ashmir. 

Lower Trias was not until recently known with certainty from any 
part of Kashmir, but A. v. Krafft insisted that it was represented there 
for the following reasons1 

:-

Among the Triassic fossil material sent to him for description, A. 
Bittner discovered several specimens of a Myoplwria, which belongs to 
the group of M. ovata of the Alpine Werfen beds (Myophoria sp. ind. ex 
aff. ovatm Goldfuss).2 The specimens had been collected by Stoliczka in 

A. v. Krafft: Zur untercn Trias von Spiti. l'entralblntt f. Mineral, etc., l!lOl, 

pp. 197-199. 
~ A. Bittner: Palwoniologia Jndica, ser. XV; Vol. III, pt. 2, P· 67, 
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the Dras valley, and originally determined by him as Megalodon 
columbella.1 

According to Bittner, they are imbedded in an impure calcareo
arenaceous rock, and he suggests that the specimens may belong to the 
same horizon-or one nearly related to it-as those bivalves which had 
been described in 1865 by C. W. Guembel from the collections of the 
brothers Schlagintweit. 2 Those bivalves proved in part identical with 
species from the Alpine Werfen beds, and were imbedded in a shaly, 
micaceous, very dense, yellow-grey, calcareous sandstone, resembling 
" Grauwacke," which, according to Guembel, is scarcely distinguishable 
from certain layers of the Alpine Werfen beds. 

A. v. Krafft lays special stress on the fact that in the Himalayas, 
as far as they have been surveyed, the Lower Trias has always been found 
to consist of limestones with Cephalopoda and bivalves, intercalated 
with shales, but that sandstones have been observed nowhere. This is 
also the case at Lilang, only a few miles from Dankhar, the locality 
at which the Schlagintweit fossils are reported to have been found. 
A. v. Krafft therefore peremptorily emphasizes the fact that sand
stones are entirely absent from the Lower Trias of Spiti. 

When visiting Spiti in 1899, he endeavoured, but in vain, to clear 
up the evident discrepancy existing between the actual facts and 
Guembel's record. 

On inquiry of several natives of Dankhar and the neighbourhood 
as to the existence of a village of the name Balamsali, he invariably 
received the answer that no village of that name was known. 
Nor could he find in the sections near D<1.nkhar any support for 
Guembel's statement. 

The Lower Trias is-with the Muschelkalk-cut out near Dankhar 
by a big fault running parallel to the Spiti valley. He searched in 
the few rivulets, in which sections are exposed, but observed in one 
locality only a thin wedge of black limestone with Cephalopoda, 
belonging to the Lower Trias and compressed between the Permian 
Productus shales and a limestone mass of ladinic or carnic age, which 
had been pushed by a fault over this wedge. 

l F. Stoliczka: Memoirs, Geol. Surv. of India, V, p. 349. 
2 Sitzungsber. kgl. Akad. d. Wissensch. l\foenchen, 1865, II, p. 348. 
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The rocks in the neighbourhood of Dankhar are therefore of such 
ct character, that the sandstones with Werfen types cannot have 
possibly come from there. Moreover no village of the name Balamsali 
is known. 

A. v. Krafft thinks that on the labels accompanying the specimens 
collected by the brothers Schlagintweit, the localities have been confused. 
In this opinion he is supported by the fact that not infrequently the 
localities of specimens collected by those travellers are not known 
exactly, and that in one other instance localities must needs have been 
confused. 

This is the case of a specimen of Ceratites Voiti Opp. (coll. Schla
gintweit) described by Diener (Muschelkalk Cephalopoda, I. c., p. 9), 
which was said to have come from the Kunzum pass in Spiti. Both H. 
Hayden and A. v. Krafft have traversed the Kunzum pass (leading 
from Losar in the Spiti valley to the Chandra valley), and have found 
it built up chiefly of Haimantas. The nearest locality, where Muschel
kalk occurs, is situated about ten miles to the N.E. of the Kunzum pass, 
on the left bank of the Spiti river. Thus there can be hardly any 
room for doubt that the brothers Schlagintweit collected their fossils 
of Werfen facies somewhere else, far away from Dankhar in Spiti. 
Probably those fossils may have come from. a layer similar to that in 
which Myophoria sp. ind. ex. aff. ovatre was found by Stoliczka. 

I feel, however, obliged to remark that species belonging to the 
group of Myophoria ovata Goldf. are not restricted to the Alpine Werfen 
beds, but range also into the Muschelkalk, and that there is, conse
quently, no convincing proof of the Lower Triassic age of the beds 
discovered by Stoliczka in the valley of the Dras river. 

F. N oetling 1 also claims the discovery of Lower Triassic beds in 
Kashmir. "Near Pastuni, three days' march from Srinagar "-he 
writes-"! collected a faunula of Cephalopoda in a hard dark blue 
limestone. They have not yet been examinl"d, but from a preliminary 
comparison with other Himalayan faunre it was soon evident that they 
could neither represent Muschelkalk nor Upper Trias. There exists great 
probability of their Lower Triassic age. We may, perhaps, consider 
them as an equivalent of the Hedenstrcemia beds." 

1 F. NoetJing: .Asiatjschi Trias, Lethrea mesozoica, I. c., P• 172. 
230 



30 DIENER: TRIAS OF THE HIMALAYAS. 

F. Frech' infers the presence of beds of Lower Triassic age in Ladak Ii 
from a new examination of Ainmonite~ 7Jereurinug Beyr. in the Museum 
of Berlin. The specimen had been collected by the missionary Proch· 
now and described by E. Beyrich in 1864 and 1867 .·! From the illus
trations and descriptions I did not dare to decide whether the poorly 
preserved fragment belonged to an ammonite of Muschelkalk or Lower 
Triassic or even Permian age.~ Frech, howevPr, on the strength of a 
personal examination, includes it in the genufl Fleminqites Waag., thus 
proving the presence of the Hedenstrcemia stage. 

The recent researches of Hayden~ and Middlemiss'• in the Vihi 
district have done much to ascertain the wide distribution of Lower 
Triassic sediments in Kashmir. 

Hayden was fortunate enough to discover a fossiliferous horizon in 
the Guryul ravine, containing Pseudonwnotis, Bellerophon, Xenodiscus. 

Flemingites. The sections in the Guryul ravine and east of it have been 
examined in detail by C. S. Middlemiss (I. c., p. :30:3). He found the 
beds, which seem to be included in the Lower Trias. of unusual thick· 
ness (about 150 feet). The lower division of hard, thin-bedded lime
stones (about 100 feet) has not yielded any fossils, but in the upper divi
sion consisting of shales with thin limestone beds intercalated, several 
fossiliferous horizons have been noticed. Among the species of 
Cephalopoda enumerated ·by Middlemiss, Meekocems cf. lilanyense 

Krafft points to the Meekoceras stage, whereas Xenodiscus of the 
group of X. Purnsha and the sharp-keeled ammonites recalling Heden

str<Emia suggest the presence of a younger (Hedenstrcemia) stage. 
Equivalents of the lowest (Otoceras) stage have not as yet been found 
in Kashmir. 

f. Interregional Correlation of fossiliferous horizons. 

The development of the Lower Trias is almost identical in Pain
khanda and Spiti. The two sections of the Shalshal cliff and of Lilang 

I F. Frech: Triasammoniten aus Kashmir, C'entralbl. f. Miner, etc., 1902, p. rn4. 
2 E. Beyrich: J!ona!sber Kgl. Akad. d. Wissensch. B€rlin, IS January 1864, 

JI· 58, and "Ueber einige Cephalopoden aus dem Muschelkalk der Alpen, etc.," 
Abhand. kgl. preuss. Akarl. Berlin, 1866, Xo. 2, p. 123, Taf. V, fig. 4. 

3 Cephalopoda of the Lower Trias, PalO'ont. Ind., I. c., p. 1. 
4 Records, Geol. Su.n'. of India, XXXVI; (1907), p. 2:l. 
5 C. 8. Middlemiss: Gondwanas and related marine sedimentary systems of 

Kashmir. Records, Geol. Suri·. of India, XXXVII, ( l!l09), P· 297. 
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agree very closely, although their distance apart is 130 miles. Thl' 
Lower Trias in hoth diHtrictl-l co11siHtH of dark limestones alternating 
with shales. In the lower diviHion, fol\owi ng above the Permian 
Kuling, or Productus, shales, black limestones predominate. In the 
upper division the limestones are of a dark grey colour and thin-bedded. 
In Spiti the upper division is of considerably greater thickness thar.. the 
lower one, 30 feet to 6 feet, whereas in thP Shalshal cliff this proportion 
is only 30 feet to 21 feet. The lithological boundary, although not 
very sharp, is well marked both in the sections of Painkhanda and 
of 8piti. 

The lower division contains three fossiliferous horizons in Spiti and 
four in Painkhanda, but in both regions the topmost horizon only has 
.vielde<l a fauna which is distinguished from that of the lower horizons. 
The lower horizons represent the Otoceras beds sensu stricto. 

[n 1901 two different zones were distinguished in the Otoceras beds 
of Painkhanda by Noetling, 1 the lower containing the fauna of 
Otocemii Woodwardi, the upper being characterised by the predominance 
of Opliiceras tibeti'.cwn. ln 1904 a third zone was added to them 
by Noetling,'! who consequently distinguished among the Otoceras beds 
the following three zones :-

3. Zone of Ophiceras tibeti"curn Griesb. 
2. , , Episayer:era8 Dalailamm Dien. 
1. ,, Otoceras Woodwardi Griesb. 

Noetling's statement that those ·'three zones are sharply separated 
faunistically " is contradictory to the facts, as I have tried to show rn 
my memoir on the stratigraphical position of the Otoceras beds.'; A 
distinction of separate palmontological zones in the uniform fauna of 
the Otoceras stage is purely artificial. There is no element in the fauna 
of either horizon which might justify its palmontological independence 
from the others. They are minute local subdivisions of one single zone 

only. 
Those local subdivisions can also be recognised in the section of 

Lilang, Spiti, although their faunm do not correspond exactly. The 

l F. Noetling in Leth(JJa pal(JJozoica, Vol. II. Dyas, p. 656. 
2 F. Noetling, Neues Jahrb. f. Min., Beil. Bd. XVIII, 1904, and Letl10?a mes., 

Asiatische Trias, I. c., p. 132. 
3 C. Diener: Ueber die stratigraphische Stellung der Otoceras beds des Himalaya, 

Oentralbl. f. Min., 1905, p. 2. 
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main layer of Otoceras Woodwardi' in the Shalshal cliff agrees with the 
rusty-brown, ferruginous layer at the base of the Triassic series in the 
Lilang section, to which the genus Otoceras is restricted in Spiti. The 
place of the hard, dark clay with Episageceras Dalailnmw is taken by 
the unfossiliferous sandy limestone (bed 2) of Lilang. The main layer 
of Ophiceras in Spiti corresponds to the bed containing Ophiceras 
tibeticum in the Painkhanda sections. 

The vertical distribution of Otoceras is smaller in Spiti than in 
Painkhanda. The absence of this genus in the second fossiliferous 
horizon of the sections near Lilang justifies the distinction of an Otoceras 
bed and an Ophiceras bed, as advocated by A. v. Krafft, 1 but it is no 
valid reason for dividing the fauna of the Otoceras stage into two 
separate palreontological zones, since the predominating types of 
Ophiceras persist throughout the two horizons and impart to the fauna 
a uniform aspect. 

Thus the fauna of the Otoceras stage represents one single palreon
tological zone only, which, from its most conspicuous types, should be 
called zone of Otoceras Woodwardi and Ophiceras Sakuntala. 

The second fauna of Lower Triassic age, which represents a special 
stratigraphical horizon, is the fauna of the Meekoceras beds. 

In the section of Lilang it follows immediately above the Ophiceras 
bed and is only three feet in thickness. In Painkhanda it is separated 
from the bed with Ophiceras tibeticum by a large mass of unfossili
ferous rock. 

The following detailed section has been published by N oetling 
(Asia.tische Trias, 1. c., pp. 129, 130) :-

5. Dark, concretionary limestone, with Meekoceras 
Markhami Dien. 

4e. Dark blue shales . 
4d. Hard, grey limestone 
4c. Dark blue shales . 
4b. Hard, grey limestone 
4a. Dark blue shales . 
3. Hard, blue, very tough limestone, with Ophiceras 

tibeticum Griesb. 

cm. 20 
2m. 80 

17 
25 
30 

2m. 50 

12 

In the section of the Shalshal cliff the Meekoceras fauna makes its 
appearance only nineteen feet above the top of the Otoceras beds, but it 

1 A. v. Krafft: Gen. Report, Geol. Sun-. of 111dia, 1900-01, P· 4. 
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agrees entirely with that of Spiti and is also contained in a concretion
ary limestone of dark blue colour. 

The direct superposition of the Meekoceras horizon above the 
Ophiceras bed in Spiti has often rendered an exact separation of their 
faunre 1·n situ very difficult or even impossible. They are certainly 
linked together by a number of species common to both of them 
Neither is Meekoceras entirely absent in the lower horizon nor Ophiceras 
in the upper one. In Spiti M eekoceras Varaha and M. lilangensc are 
the commonest species, whereas in Painkhanda M. Markhami predo
minates. In Spiti the Otoceras stage is poor in species, compared with 
the rich fauna of the Otoceras beds in Painkhanda, but the Meekoceras 
fauna is more richly developed in the Spiti sections. 

Throughout ihe upper division of the Lower Trias in Painkhanda 
and Spiti a single and uniform fauna only ha1> been found. This is the 
fauna of the Hedenstrcemia beds or the zone of Flemingites Rohi'lla. It 
differs considerably from that of the Meekoceras beds. The genus 
Jleekoceras is chiefly represented by large species belonging to the sub
genera Aspi'dites and Koninckites. Xenodiscus, Flemingites and Heden
stramiia have reached their maximal development 

In the topmost beds of the Hedenstrcemia stage of Spiti a bivalve 
facies, with Psettdomonotis h1mafra Bittn. as leading fossil, makes its 
appearance, but the stratigraphical independence of this bivalve lime
stone as a distinctly marked palreontological horizon is very doubtful. 

The fourth and youngest fauna of Lower Triassic age is hitherto 

known from one locality in Ryans only. 
A small faunula collected by F. H. Smith near J olinka has been attri

buted by A. v. Krafft to a stratigraphically well defined bed, not far 
from the top of the chocolate limestone. It represents the zone of 
Sibirites spiniger and consists exclusively of speci~s of the genus 
Sibirites, which is restricted to the upper Ceratite limestone of the Salt 

Range. 
Sibirites spitiensis in the section of Muth is perhaps indicative of a 

representation of this palmontologicai zone in the Hedenstrcemia beds 

of Spiti. 

q. Correlation with the Ceratite beds of the Salt Range. 

A large area of Lower Triassic sediments is exhibit~d in thP Ceratite 
beds of the Salt Range. Here, as in the Himalayas, the most 
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interesting problems in correlation were those concerning the termina
tion of the Permian system. In both areas, however, the sedimentation 
introducing the Triassic system was strikingly different. In the Central 
Himalayas arenaceous deposits are entirely wanting, and the Lower 
Trias is made up of limestones and shales. In the Salt Range arena
ceous limestones, calcareous sandstones and marls play a very important 
part. Those rocks contain rich fossil faunre, and their classification by 
Wynne, Waagen and Noetling constitutes one of the most interesting 
chapters in Indian Geology. 

This difference in the development of the Lower Triassic deposits in 
the Himalayas and in the Salt Range renders an attempt at correlation 
difficult, notwithstanding the considerable number of species common to 
both regions. A discussion on this subject between A. v. Krafft, 
Noetling and Diener indicates considerable confusion, and the inference 
to be drawn from a study of its results is that the palreontological 
evidence available is not sufficient for a correlation of the strata down 
to the smaller divisions of the scale. A detailed account of this discus
sion has been given by Diener in Vol. VI, No. l, of the "Himalayan 
Fossils." 

The youngest Himalayan fauna from the top of the chocolate lime
stone of Jolinka (Byans) has been correlated with that of the upper 
Ceratite limestone by A. v. Krafft. This homotaxis has been accepted 
unanimously by all authors dealing with this subject. There is, 
indeed, a close agreement in the character of the two faunre, that of 
J-olinka consisting exclusively of species of the genus Sibir£tes, one of 
them very closely allied to S£bir£tes (Ceratites antea) infiatus Waag. 

The Hedenstrmmia beds are in a general way equivalent to the 
upper division ot the Ceratite marls (in Noetling's interpretation) or t) 
the zone of Konnickites volutus Noetl. and to the Ceratite sandstone 
(Flemingites Flemingianus beds). 

The Meekoceras beds probably correspond to the lower division of 
the Ceratite marls (zone of Prionolobus rotunrlatus Noetl.) and to the 
lower Ceratite limestone. 

The most obscure point in the controversy is the problem of the 
correlation of the Otoceras beds, owing to the different lithological deve
lopment in the two regions and to the absence of the most characteristic 
elements 0£ the Otoceras fauna from the Salt Range. Diener looks for 
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equivalents of the Otoceras beds in the unfossiliferous shales and 
sandstones, which in the sections of Chideru and Virgal separate the 
Chideru group of the Upper Productus Limestone from the Ceratite 
formation. Noetling correlates them with his zone of Euphemus indicus 
of the Upper Productus Limestone, but this correlation is not based on 
palmontological evidence, not one single identical species having been 
found in the two horizons. 

The special development, which the Lower Triassic fauna:i have taken 
in those two regions, renders it evident that a correlation of the minor 
subdivisions cannot be made except in a most general way, and always 
with the mental reservation that their lower and upper boundaries do 
not strictly coincide. 

When the examination of the fossils collected in the Ceratite beds 
by N oetling and Koken is finished, it may be possible to form a 
better scheme of classification, in which the relative positions of 
the Lower Triassic strata in the two regions may be determined more 
exactly. For the present the following tabular statement will show the 
conclusions reached, as indicated above, by those best qualified to 
determine the relations of the lower Himalayan Trias with the Ceratite 
formation of the Salt Range:-

Sa.It Range 
Himalayas 

Noetling, 1905, / Diener, 1908. 

Zo~~- ~£ sibiri~~-spiniger II Up~er Cera.tite limestone. / Upper Cera.tite lime-
(Byans). , stone. 

I

i Cera.tite sandstones. 1:-Ce-r-at-it_e_sa_n-ds_t_o_n-es-.-

Hedenstruimia beds (zone of , ____ _ 
Fkmingites Rohilla). ! I 

i Ceratite marl. I Cera.tite marl. 

I I 
Meekoceras beds (zone of ! Lower Ceratite limestone. Lower Ceratite lime

Meekoceras Markhami). 

Otoe eras 
Otoe eras 

beds (zone of / Zone of Euphemusindicus 
W oodwardi). (Upper Productus lime

stone). 

Kuling (Productus) shales. 

stone. 

Unfossiliferous clay and 
shales. 

I 
Upper Productus Lime

stone. 
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h. Correlation 'With the "lower Trias of Europe, North America and 
Siberia. 

Until the examination of Hayden's and A. v. Krafft's fossil materials 
from Spiti the evidence for the Lower Triassic age of the Hedenstrremia 
beds was merely circumstantial. Until then no affinities were known 
between their fauna and that of the Campil or upper Werfen beds 

of the Mediterranean region. 
Noetlingl in his discussion of the age of the Otoceras beds thinks 

that the fauna of the Hedenstrremia beds might be attributed to the 
lower Muschelkalk or to the Lower Trias with equal reason, and in the 
introduction to his synopsis of the Himalayan Trias 2 he even em
phasizes the assertion that the presence of Lower Trias in the Hima
layas merely rests on palmontological subtilties, without any decisive 
proof. 

Similar opinions have been expressed more or less definitely by 
other writers. 

Three faunistic elements connecting the Aipine Campil beds and 
the Hedenstrremia beds, which have been discovered among the Cepha
lopoda fr _m the latter group, are suffi.cient to show that those two 
stages may be placed in general parallelism. These three species of 
Cephal,opod,a are :-

Tirolites injucundus Krafft. 
Xenodiscus asiaticus Krafft. 
Meekoceras pseudoplanulatum Krafft. 

Tirolites injucundus is an ammonite oi the group of Tirolites 
spinosi, and its discovery in the Himala.yas has been s0 much the more 
astonishing, because the absence of Tirolitinc.e was considered by 
E. v. Mojsisovics as one of the most remarkable faunistic characters 
of the Indian zoo-geographical region. 

Xenodiscus asiaticus is distinguished from Paraceratitea prior Kittl. 
from the Campil beds of Muc by some very subordinate details only. 
A near affinity of M eekoceras pseudoplanulatum to M eekoceras caprilense 
Mojs. from the Campil beds of the south-ea.stern Tyrol is also extremely 
probable. 

237 

1 Neuu Jahrb. /.Miner., Beil. B<l., XVIII, p. 551. 
2 Asiatische Trias, Lethrea mesoznica. I. r.,, p. 125. 
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Thus a solid base for a direct correlation between the Hedenstrcemia 
beds of the Himalayas and the Alpine Campi! beds has been established 
by A. v. Krafft's and Hayden's discoveries. Nevertheless the affinities 
of the two faume are rather distant, a!l the nearly allied species 
being of extremely rare occurrence, either in one of the two regions 
or in both of them. 

But the gap, by which the two faunre had hitherto been separated, 
has been bridged over -partly at least--by the int~resting discovery of 
Campil beds in North Albania in a development of red limestones 
(Hallstatt facies). This is a cepha.Iopod facies oi the Campil or upper 
Werfen beds formerly unknown in Europ'3, which has yielded a con
siderable number of fossils near the village of Keira, about 25 km. 
to the east of Skutari. The fossils, wbicu were collected by F. v. 
Nopcsa in 1906 and 1907, have been described by G. v. Arthaber,1 

who correctly refers to the at1tonishing n.ssodation of Mediterranean, 
Indian and Pacific types. The Indian types even predominate m 
number. Among them the following may be mentioned:-

Pseudosageceras multilobatum N oetl. 
Xenaspis mediterranea Arth. 
N annites H erberti Dien. 
Monophyllites Hara Dien. 
Meekoceras marginale Arth. 
Hedenstrmmia sp. ind. 

This fauna, which contains several types, chiefly Mediterranean 
(Tirolites seminudus Mojs., Celtites kcirensis Arth.) but also some 
Californian (Columbites), connects the Lower Triassic faunai of India 
and Europe much more closely than had been hitherto anticipated. 
In contradiction to Noetling's views there can be no further doubt 
that during the Lower Trias the great central sea of the Tethys ex
tended from the Mediterranean to the Indian basin in the shape of 
an open canal across the present mountain ranges of Afghanistan and 
Northern Persia, by which an intercommunication of the faumc of 
both regions became possible within certain liruits.2 

1 G. v. Arthaber: Ueber die Entwicklung der Untertrias in Albanien und ihre 
faunistische Bewertung. Mitteil. Geol. Ges. Wien, I, 1908, pp. 245-289. 

2 New researches in HJOS by F. v. Nopcsa have added considerably to our 
knowledge of the Lower Triassic fauna: of Albania. The rich collections of fossils 
which were made in some favow·able places, enable us now to appreciate the 
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It has been demonstrated by J.P. Smith, that the Tethys of the 
Lower Trias extended from India to the Western States of North America 
across the entire Pacific Ocean. There are some strong affinities 
between the Lower Triassic faume of the Himalayas and Eastern Siberia 
on one side and of California and Idaho on the other, but an attempt 
to correlate the stratigraphical subdivisions on either side of the Pacific 
Ocean meets with considerable obstacles, owing to the differences in 
the geological history of the two regions. 

In America the oldest fauna of Lower Triassic age is concentrated 
in the Meekoceras beds of California and Idaho. According to J.P. 
Smith 1 this fauna shows an intimate relationship to that of India and 
Eastern Siberia (Ussuri district) and none to the fauna of the 
Mediterranean region. After the deposition of the lVleekoceras beds 
an invasion of Mediterranean forms took place. The fauna of the 
Tirolites beds, which is characterised by this incursion of Mediter
ranean types-three European species of Tirolites, one of Dalmatites 
and one of Dinarites-is decidedly the same as that of the upper 
Werfen or Campil beds in the Alps. But this incursion was only 
sporadic, for in the overlying Columbites beds there is an assemblage 
of Mediterranean, Asiatic and autochthonous forms. 

All those three horizons of the Lower Trias are exposed in Idaho 
in a continuous section in Paris canyon, the Columbites beds occurring 
15 metres above the Tirolites horizon and 90 metres above the main 
layer of the Meekoceras beds. 

importance of the a.ssociation of Mediterranean, Pacific and Indian element:1 
in this fauna. 

The results of G, v. Arthaber's examination of these new materials have not 
yet

1 
been published,\ but I owe to Prof. v. Arthaber the valuable and interesting 

communication, that,tiboth the Indian and Pacific elements far exceed the Medi
terranean ones. Columbites and PseudosQ{Jecera.s are represented in large numbers 
in tht:i new collections, The local peculiarities are rather remarkable. A striking 
character is the presence of a primitive stock of generalized forms, which might 
be considered as radicles of different types of Ceratitidu: and of Mon0phyllite.s. 
A primitive ancestor of the genus Tropites deserves special mention. The presence 
of the genus Japonites, which hitherto has not been found in beds older than 
Muschelkalk, forms a sharp contrast with those generalized forms which give 
a rather old aspect to the Lower Triassic fauna of Albania. 

1 A. Hyatt and J.P. Smith: Triassic cephalopod genera of Korth America, U.S. 
Geol. Survey, Profess. Pap. No.' 40, Washington, HJ05-J. P. Smith: The strati
graphy of the Western American Trias. Sonderabdr. aus Koenen l!'e-&lscliri ft, 1907, 
pp. 377 -394, 

( 239 



CORRELATION OF THE LOWER TRIAS. 31.l 

Now the most important moment in the geological history of Idaho 
during the Lower Triassic epoch, the opening of a new connection be
t':ee~ the American and Mediterranean regions at the beginning of the 
T1rohtes stage, has left only faint traces in the deposits of the Hima
layan Lower Trias. That this invasion of Mediterranean types did 
not take place through India, is evident from the fact that the 
admixture of such types in the Hedenstra:>mia beds is extremely 
scanty, and that no fauna comparable with that of the Tirolites beds 
of Idaho has ever been met with either in the Salt Range or in the 
Himalayas. 

The difficulty of correlating the subdivisions of the American and 
Indian Lower Trias is chiefly due to the fact that the faunistic influence 
of India on the American region was never counterbalanced by 
an incursion of American forms into the Indian province. The 
American l\foekoceras-fauna is probably-and in this opinion I agree 
entirely with J.P. Smith-of Asiatic origin, for there is nothing known 
in the American Permian that could have given rise to the forms of 
the Meekoceras zone. In India, however, no autochthonous types of 
the American Lower Trias are known, which, like Columbites, have 
reached the Mediterranean region as sporadic immigrants, but not the 
Indian Triassic provinca. 

Near affinities are therefore restricted to the fauna of the American 
Meekoceras beds, but this fauna shows, indeed, a strong kinship both 
with the faurnB of the lower and upper divisions of the Himalayan 
Lower Trias. Not less than twelve genera are common to both regions, 
namely, Meekoceras, Aspidites, J{oninckites, Flemingites, Xenodiscus, 
Ophiceras, Pseudosageceras, Hedenstrcemia, Sibirites, Proptychites, 

N annites, Tirolites. 
There are equally close relationships with the fauna of tile Meeker 

ceras beds of the Himalayas and of the Hedenstrcemia beds. There is 
a small number of very characteristic species, which point to a direct 
correlation with the Hedenstrcemia beds. Hedenstrcemia Mojsisovics'i 
is represented in America by H. Kossmati, Pseudosageceras multilobaturn 
by Ps. intermontanum, Flemingites Salya by l'l. cirrus. Among three 
species of Sibirites two are closely allied with forms from the Upper 
Ceratite limestone of the Salt Range. On the other hand the affinities 
with the Himalayan Meekoceras beds are at least equally close, and 
even with the fauna of the Ophiceras bed of the Otoceras zone in 8piti. 
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~'our species of Ophiceras, among them 0. cf. Sakuntala Dien. and 0. cf. 

gibbositm Griesb., together with Meekoceras cf. Hodgsoni Dien., have 
been quoted from the Meekoceras beds of south-eastern Idaho by 
J.P. Smith. 

This learned author correlates the Meekoceras beds of America 
with the Hedenstrcemia beds, which, according to his view have been 
placed too high in the column by Diener. But the Hedenstrcemia 
beds cannot be regarded as equivalents of the Alpine Seis beds, since 
their fauna is undoubtedly homotaxial with the fauna of the Campi! 
beds, as is evident from its affinity to the fauna of Keira in Albania. 
The presence of a species of Tiroliles in the Hedenstrcemia beds an<l 
the persistence of a small number of Indian types in the Columbite::; 
beds of Idaho are rather in favour of a correlation of the He<len
stnemia stage with the higher subdivisions of the American Lower Trias. 

Although there is a great probability of a· homotaxis of the 
Hedenstrcemia bed& with the whole of the upper divisions of the Lower 
Trias of Idaho, we should not forget that the fauna of the American 
Meekoceras zone contains elements of the Hedenstrcemia beds, Meeko
ceras beds and even Otoceras beds. This is one of the instances 
demonstrating the difficulty of correlating terranes in widely separated 
areas, although this correlation has been attempted on the basis of a 
large number of fossils either generically or specifically identical. But 
the natural divisions are not the same in India and Idaho and 
therefore they cannot be correlated except in the most general way. 

The development of Lower Triassic rocks near Vladivostok in the 
southern Ussuri district of the coast province of Eastern Siberia 1 is 
another illustration of the uniformity of the fauna around the Pacific 
Ocean during the Lower Triassic age. The association of genera is the 
same as exhibited in the Meekoceras beds of California and Idaho. 
The ammonites have their nearest representatives in the Meekoceras 
zone of the Himalayas-both Meekoceras Varaha and M. boreale have 
been found in the Proptychites beds of Vladivostok - but the pre
sence of a species refera.ble to Ophiceras Sakuntala Dien. indicates, 
perhaps. also a correspondence with the Ophiceras bed of the Otoceras 
stage . 

.i C. Diener : Triadische Cephalopodenfaunen der ostsibirischen Kuestenpro
vinz. Mem. Com. Glol. St. Petersbourg, 1895, Vol. XIV, No. 3. 
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The evidence furnished by a comparison of the lamellibranchs 
must be considered as very important, justifying a direct correlation 
with the Alpine Seis beds, with which the fauna of Vladivostok has 
not less than twelve species in common.1 

Ammonites of Lower Triassic age, which can, however, not be as
signed to a definite stratigraphical horizon, have been quoted from 
Yunnan by D·Juville, and from the Semenow Range (N. E. Tibet) by 
Schellwien. 

Less close than the relations of the Indian Meekoceras beds with 
the fauna of Vladivostok are those of the Hedenstrremia stage with 
the Olenek beds of Northern Siberia. The richest Triassic fauna from 
Siberia hitherto known has been collected from a concretionary lime
stone imbe.lded in dark shales, at the mouth of the Olenek river. Not 
less than forty species of Cephalopoda have been described by E. v. 
Mojsisovics.2 Nevertheless the age of the fauna has been a subject of 
controversy. 

E. v. Mojsisovics considered the Olenek beds as the homotaxial equi
valent of the Oampil beds, although no identical or even nearly allied 
species were known to him from both regions and this correlation was 
only based on the general zoological character of the Olenek fauna. 
A considerably younger age was assigned to the latter by Noetling.3 

His opinion is supported by the three following arguments :
(1) Ceratites (Keyserlingites) subrobustus Mojs. has its habitat in the zone 
of Spiriferina Stracheyi of the Himalayan Muschelkalk ; (2) i~ India 
the genus Ceratites, which in the Olenek fauna is represented by 
several groups, does not make its appearance before the commencement 
of the Muschelkalk ; (3) the differences between the faunre of the Indian 
Lower Trias and of the Olenek beds are sufficiently remarkable to exclude 
their homotaxis. 

1 A. Bittner: Versteinerungen aus den Triasablagerungen des Sued-Ussuri
gcbictes, etc., ibiitern, Vol. VII, No. 4, 18!J9. P. v. Wittenburg: Ncue Beitrrege 
wr Gcol. und Palroont. d. Werfcner Schichten Sucdtirols mit Berueckvsichtigung 
der Schichten von Wladiwostok. G'enlralbl. f. Min., 1908, p. 67. Notiz ueber 
Trias und Jura bei Wladiwostok. Neues. Jahrb. f. Min., 1909, Bd. I, p. 1. 

2 E. v. Mojsisovics: Arktische 'l'riasfaunen, M em. Acad. irnper. des sciences, 
St. Petersbonrg, 1886, VII. Ser., Vol. XXXIII. Ucbcr cinigc arktische '.I'riasam
moniten des. noerdl. Sibirien. ibiilem, 1888, Vol. XXXVI, No. 5. 

:l F. Xoctling: AsiaLischc Trias, Lethwu inesuwicu, 1, p. 200. 
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In a special paper treating with the problem of the age of the Olenek 
beds 1 I have tried to refute Noetling's arguments. The Indian and 
Siberian species of Keyserlingites (Ceratites subrobusti) are not identical 
and do not even belong to the same group of forms. In the Himalayas 
the genus Ceratites is not restricted to the Muschelkalk, but is 
represented in the Hedenstrrnmia beds by typical species of the group 
of circumplicati (Hollandites). There are some affinities between the 
Olenek fauna and the Hedenstrrnmia stage, but none at all with the 
Himalayan Muschelkalk. Hedenstrmmia Mujsisovicsi Dien. is either 
identical or very closely allied to the Siberian species, which has been 
described as Meekoceras sp. ind. afj. Hedenstrm_mia by E. v. Mojsisovics. 
There are also strong affinities between some Indian and Siberian 
representatives of the genera Meekoceras and Xenodiscus, as has been 
suggested by Frech, especially between Xenodisrus rotula Waag. and 
X. hyperborm1is Mojs. But the most important argument in favour 
of a correlation with the Hedenstrrnmia beds is the occurrence of 
Xenodiscus, Meekoceras, Aspid1.tes, Hedenstrmmia and Prosphinngites in 
the Olenek fauna, all genera, which in the Himalayas are restricted to 
the Lower Trias and do not range into the Muschelkalk. 

The fatinistic affinities of the Olenek beds with the Columbites beds 
of North America, as advocated by J. P. Smith, is in accordance with 
this correlation. 

On the other hand Noetling is certainly right in assuming that the 
connection of the ludo-Chinese and Northern Siberian provinces has 
not been a very close one. The peculiar character of the Olenek fauna, 
especially the enormous preponderance of Dinarites spiniplicati 
(Olenekites Hyatt), is indicative of a comparative isolation of this basin 
of the Triassic Arctic sea. 

i. The Permo-Triassic boundary. 

The determination of the upper limit of the Permian rocks in the 
marine series of India did not trouble the students of the geological 
formations in the Himalayas until it had been suggested by N oetling's 
studies in the Salt Range. 

I C. Diener: Das Alter dt·r OlenPhchichten Sibirit•ns. Ceutralblatt. f. Min., 
ek., 1908, p. 233. 
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By C. L. Griesbach the base of the Himalayan Trias had been 
assumed to lie at the top of the Permian Productus, or Kuling, shales, 
which in all normal sections of Spiti and Painkhanda are overlain 
conformably by a series of dark thin-bedded shales and limestones, 
which have yielded the fauna of the Otoceras beds. 

Griesbach himself determined the Otoceras beds as Triassic at the 
time of their discovery (1879). In his memoir on the geology of the 
Central Himalayas (1891, p. 71) he looked upon them as a true passage 
bed between the Permian and Triassic systems, " as a horizon still lower 
than the Werfen beds of the Alps, and considerably lower than what 
is understood now as Bunter," but nevertheless decided to include 
them with the Lower Trias (1. c., pp. 121, 146, 174, 175, 177, 219). 

Waagen 1 correlated the Himalayan Otoceras stage with the 
Otoceras beds of J ulfa in Armenia and consequently included it in the 
Upper Permian, although he considered it to be younger than the Jabi 
or Cephalopod beds of the Upper Productus Limestone, " because the 
mesozoic types seemed to predominate over the palreozoic ones " 
(1. c., p. 232). . 

The correlation with the Permian Otoceras beds of Julfa was refuted 
by E. v. Mojsisovics,2 because the species of Otoceras in the last 
mentioned deposits occupy a remarkably lower stage of development 
than the India.n ones. The Otoceras stage of the Himalayas was 
therefore regarded as the oldest cephalopod-bearing horizon of the 
Lower Trias in India. In a subsequent paper Waagen :; acknowledged 
the Triassic character of the Otoceras fauna and defined the age of the 
beds including it as Lower Triassic. 

In 189i C. Diener, 1 after his examination of the fossil materials 
collected by Griesbach and by the expedition of 1892, supported the 
view given by E. v . .Mojsisovics, by new evidence, enumerating the 

remarkable differences between the Otoceras faunre of Julfa and of the 

---------·------------------
I W. Waagcn: 8alt H.ange l'o~sils, Palrxont. Ind., ser. XIII, Vol. IV, Geologi

rnl Results, p. 225. 
~ E. v . .Mojsisovics: Vorlaeufigc Bemerkungen ueber die CephalopodenfaunED 

der Himalaya-Trias. Sitzgsber. kais. Akml. d. Wissen sch. Wien, 1892, CI, PP• 
372-378. 

3 E. v. Mojsisovics, W. Waagen, C. Diener: Entwurf einer Gliederung der pelag· 
ischcn Scdirncnte des Triassystems, ibidem, ClV, 1895, p. 1286. 

4 C. Diener : Him» Jnyn,n .Fossils, Palcront. Ind., ser. XV, Vol. II, Pt. 1. 

( 24+ 



44 DIENElt: l'!tIA.S OF T1IE HIMALAYAS. 

Shalshal cliff, and emphasizing the decidedly Triassic aspect of the 
latter. In his summary (p. 172) he considers the Indian Otoceras 
beds as forming the base of the Buntsandstein, that is the lowest Trias
sic beds following immediately above the upper boundary of the 
Permian deposits, without any distinct demarcation. " The fauna of 
Otoceras Woodwardi is the oldest fauna of Triassic age containing 
cephalopoda, which has as yet been discovered. It is somewhat 
younger than the Otoceras beds of J ulfa, but older than the cephalo
pod horizon of the Alpine Werfen beds.I In the Alps no cephalopod
bearing strata correspond to this Himalayan horizon, but only the 
bivalve fauna of the lower division of the Werfen beds (Seiser 
Schichten of F. v. Richthofen)." 

This correlation of the Otoceras stage with the Sei1:1 beds ha1:1 been 
fully corroborated by A. Bittner ~ who on the strength of his examina
tion of the Lamellibranchiata collected by Griesbach and Diener, com
pared them with species from the lower division 0£ the Werfen beds 
(horizon of Seis) and decided that they were also of Triassic, not of 
Permian, age. 

A different interpretation of the age of the Otoceras fauna was 
attempted in 1900 by F. Noetling after a tour among the Ceratite 
beds of the Salt Range. 

In his "Geological Results" W. Waagen had come to the con
clusion that a stratigraphical gap existed in th~ sequence of the 
Salt Range between the Permian Productus limestone and the 
Ceratite beds. Noetling, who was deputed to the Salt Range, found 
W aagen's statement contradicted hy actual facts. He held the view 
that the entire Ceratite formation must be included with the Permian 
system, the gradual passage from the Productus limestone to the 
Ceratite beds making a stratigraphical subdivision into two great 
periods an impossibility. He also reported that he had discovered 
Otoceras in the Ceratite marls, which must consequently be correlated 
with the Himalayan Otoceras beds.a 

'=Campi! beds (F. v. Richthofen). 
2 A. Bittner: Himalayan Fossils, Palreont. lnll., ser. XV., Vol. III, Pt. 2, pp. 

74, 76. 
3 F. Koetling: General Report, Geol. Sum of Jmlia, 1899-1900, p. 42.-UeLer 

die Auffindung von Otocera8 8P· in der Salt Range, Neue8 Jahrb. f. Min., 1900, 
p. 130, 
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This report soon turned out to be incorrect, and the correlation 
of the Himalayan Otoceras beds with the Ceratite marls consequently 
fell to the ground. But the discussion of the true limit between the 
Permian and Triassic systems in the Indian zoo-geographical region was 
nevertheless continued by C. Diener, A. v. Krafft and F. Noetling. 

Noetling's view set forth in his paper in the Neues Jahrbuch 

was answered by Diener, 1 who maintained the Triassic age of the 
Otoceras beds and of the corresponding beds in the Salt Range. He 
claimed that no proof had been given of their homotaxis with any 
extra- Indian strata of recognised Permian age, but that their 
bivalve fauna was decidedly in favour of a paralellism with the Seis 
(lower W erfen) beds. 

Noetling's next paper'2 is controversial and adds little to the 
settlement of the problem. But in 1901 the question of the true 
stratigraphical position of the Himalayan Otoceras beds was taken up 
by A. v. Krafft. During the summer of 1899 this author had worked 
out the sequence of Permian and Triassic strata in Spiti, together with 
H. Hayden, but the incorrect report of the discovery of Otoceras in 
the Salt Range led him to the conclusion that the Otoceras beds were 
equivalent to the Ceratite marls and to the lower Ceratite limestone 
of the Salt Range.'1 In the next season, however, he took an 
entirely different view of the subject. He divided the series between 
the Kuling shales and the Hedenstrcemia beds into three palreonto
logical zones, the Otoceras bed s. s ., the Ophiceras bed and the 
.Meekoceras bed. The Meekoceras bed is referred to the Lower Trias, 
the age of the Ophiceras bed is left doubtful, there being no decisive 
proof of its fauna being either Permian or Triassic, but the Otoceras 
beds. s., is correlated with the Chideru group or Upper Productus 
Limestone, on the strength of an identification of Medlicottia (Episage

ceras) Dc1hiilamre Dien. with Medlicottia Wynnei Waag. from the 
zone of Euphemus indicus in the Salt Range.4 

1 C. Diener: Ueber die Grenze des Perm-und Triassystems im ostindischen 
Faunengebiet, Centralbl. f. Miner., ek., 1900, p. 1. 

2 F. Xoetling: Die Otoceras beds in Indien, Centralblatt. f. Miner., ek., 1900, 
p. 216. 

3 A. v. Krafft: Stratigraphical notes on the mesozoic rocks of Spiti, Gen. Reporl, 
Geol. Sur. of India, 1899-1900, p. 203. 

4 A. v. Krafft: Ueber das permische Alter der Otoceras-Stufe des Himalaya, 
Centralbl. f. Miner., etc., 1901, p. 27;3, 
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1'.his paper was again answered by Diener, who refused to admit 
the identity of the two species of Medlicottia (Episageceras). 1 

In the meantime an extensive memoir on the Permian and Triassic 
rocks of the Salt Range was published by Noetling. 2 Revising his 
former views on the Permian age of the Ceratite formation, he now 
admits their correlation with the Triassic system and draws the 
boundary between the two zones of Euphemus indicus below, and 
Celtite.s sp. of the lower Ceratite limestone above. The Otoceras beds 
o. the Himalayas are no longer considered as equivalent to the 
Ceratite marls, as in 1900, but to the Upper Productus limestone. 
Noetling places the Otoceras bed s. s. even lower in the series than 
A. v. Krafft, correlating it with the Permian zone of Bellerophon 
impressus and the overlying Ophiceras bed with the zone of 
Euphemus indicus of the Chideru group. 

These views have been set forth more fully in a chapter of the 
Lethe.ea Palmozoica, dealing with the Permian rocks of the 
Himalayas,3 and support has been given to them by F. Frech, 4 

who correlated the Indian Otoceras beds with the Permian Bellerophon 
limestone of the Eastern Alps. 

Both papers were answered in a short note by Diener, who 
commented on the remarkable change m Noetling's system of 
correlation.6 

The attitudes of the two disputants are brought out clearly 
by their principal reports on the problem of the Permo-Triassic 
boundary in the Himalayas, which appeared in 1905. An exhaustive 
study of the stratigraphy and age of the Otoceras beds was published 
by Noetling who divided the uninterrupted complex of dark limestone 
and shaly clay with its uniform fauna into three palreontological 

l C. Diener : Ueber das Alter der Ot-0ceras beds des Himalaya. ibidem, 
p. 513. 

2 F. Noetling : Beitr::ege zur Geologie der Salt Range, insbesondere der 
permischen und triadisohen Ablagerungen. Neues Jahrb. /.Min., etc.., Beilagebd. 
XIV, p. 467. 

s F. Noetling: Die Dyas des Himalaya, Lethrea palreozoica, II, p. 653. 

4 F. Frech: ibid.em, p. 577. 
5 C. Diener : Zur Frage des Alters der Otoceras beds in Himalaya, Centralbl. f· 

~in., 1901, p. 655. 

2~7 



THE PER:MO-TRL\.S s re HOL"X DARY. 47 

zcnes and draws the boundary between the Permian and Triassic 
systems below the Meekoceras beds.1 

This study, which was based on a personal examination of the 
Shalshal cliff in 1900, was answered by Diener, who declared that 
neither lithological nor pal::eontological nor historical reasons were 
valid for a decision in favour of Noetling's opinion.2 In a subsequent 
paper on the genus Episageceras '1 Noetling himself admitted the 
incorrectness of A. v. Kraflt's identification of Episageceras Dalailamm 
Dien. with E. Wynnei Waag., thus acknowledging his mistake in 
having accepted this identification as a proven fact.~ 

The conclusions reached in those papers by Noetling have been 
maintained in his synopsis of the stratigraphy of the Trias in Asia.6 

The only result which this history of correlation emphasizes, 
is the fact that all attempts to assign the Otoceras stage definitely 
to one system or the other, have hitherto failed. The present state 
of the discussion may be summed up as follows:-

From a palreontological point of view the classification of the 
beds included between the Kuling, or Productus, shales, of undoubtedly 
Permian age, and the Hedenstrmmia stage, as proposed by 
N oetling, is too minute, and a combination of the three zones distin
guished by him within the Otoceras beds will better express our 
present knowledge regarding their true faunistic relations. The 
:Meekoceras beds have been referred unanimously to the Trias. 
There is indeed no doubt about their parallelism with the Seis or 
lower Werfen beds, since the homotaxis of the overlying Hedenstrm
mia stage with the Campi! beds of the Eastern Alps has been proved 
by the recent discovery of the fauna of Keira in Albania. The 
Otoceras beds have been included with the Permian system by Noetling, 

1 F. Xoetling: Ueber das Alter der Otoceras Schichten von Rimkin Paiar 
(Painkhanda) im Himalaya. Neues Jahrb. f. Mineral, etc., Ileilagebd., XVIII, 
p. 518. . 

2 C. Diener : Ueber die stratigraphische Stellung der Otoceras beds im Himalaya, 
Centralbl. f. Miner., etc., 1905, pp. 1-50, 36-45. · 

3 F. Noetling: Ueber Medlicottia und Episageceras aus den permischen 
und triadischen Schich ten Indiens. N eues J ahrb. f. Mineral, etc., Beil age bd., XIX, 
p. 369. 

4 ._Lethcea ~palceozoica, II, p. 656. 
5 Asiatische Trias. Lethcea mesozoica, Bd. I, Trias, 2 Lieferg., 1905, 

JI· 127, 
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with the Trias by Diener, but those two authors are entirely 
in accord in acknowledging the fact that there is a gradual transi
tion of the deposits from the Kuling shales to the Hedenstrcemia beds, 
without any break or unconformity. 

Since the discussion of the Permo-Triassic problem in the Himalayas 
had come to a preliminary close in 1905, much new evidence has been 
gathered from an examination of the Triassic fossib from Spiti and 
Painkhanda by A. v. Krafft and 0. Diener, from the study of the 
Meekoceras fauna in California and Idaho by J.P. Smith, and from the 
discovery of a rich Permian fauna in the Bellerophon limestone of 
Carniola by Kossmat and Schellwien. A sufficient number of facts, I 
believe, has been accumulated now to enable us to delimit the Permian 
and Triassic systems on the same basis in the Eastern Alps and in the 
Himalayas. 

Noetling has laid special stress on the absence of any defined 
break in the series between the Hedenstrcemia beds and the Productus 
shales. Nevertheless he draws his boundary below the .Meekoceras be<ls, 
not above them, where the lithological change is certainly marked more 
sharply. But I shall not insist on this objection to his di.vision of the 
two systems, because in my opinion lithological affinities can never give 
a clue to the true position of horizons in the standard stratigraphical 
scale. The object of correlation is and has been to bring newly discovere<l 
horizons into their proper places in systematic classifications alrea<ly 
established. Such correlations, however, can be made with any precision 
on palwontological evidence only, the apparent lithological affinity of two 
strata never being a safe means for their association in one strati
graphical subdivision. 

A remarkable instance may be quoted here regarding the question 
of the Permo-Triassic boundary in the Eastern Alps, whi~h in man_v 
respects is similar to the same problem in India. 

There is no unconformity between the Permian Bellerophonkalk and 
the shales of the lower Werfen (Seis) beds, but the lithological contrast 
between the two groups is rather sharply marked, considerably more so, 
as a rule, than between the Productus shales and the Otoceras stage. 
Nevertheless sections have been found, where the Bellerophon limestone 
passes gradually into the overlying shales. Now in the vicinity of 
Sarajevo a very interesting section has been described by E. Kittl (Geolo
gie der Umgebung van Sarajevo. Jahrb. K K. Geol. Reiclisanst., 1904, 
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LIU. p. 17), where a bed of limestone containing fossils of the Bellero
phonkalk is intercalated in shales lithologically identical with those of 
the Werfen beds. It is evident that in this section the highest beds of 
Permian age are developed in the facies of the Triassic Werfen shales and 
that the lithological boundary does not coincide with the true limit of 
the two systems. A development of Triassic limestones within the shales 
at the base of the Seis beds has been described recently by F. v. 
Kerner (Die Trias am Suedrande der Svilaja Planina, Verhandl. K. K. 
Geol. Reichsanst., 1908, p. 263). 

The Permian age of the Otoceras beds was defended on this litholo
gical basis for a number of years against the counter-evidence of fossils. 
N oetling had indeed no palreontological evidence in favour of the 
supposed homotaxis of the Himalayan Otoceras beds with the Chideru 
stage of the Salt Range. His only reasons for assigning a Permian 
age to the Otoceras stage, as deduced from a study of its fossils, are 
the following :-

(1) the genus Otoceras is only known from Permian rocks ; 
(2) Episageceras Dalailamce is a Permian species, so far as we can 

judge from the character of its suture-line. 

The fallacy in those two assumptions is so evident that it should 
not have deceived able geologists like Kayser (Lehrbuch der Geologie, 
II, Formationskunde, 3. Aufl. 1908, p. 301) or Steinmann (Einfuehrung 
in die PalGJontologie, 2. Aufl. 1907, p. 326). 

It is true that the genus Otoceras is known outside the Himalayas 
from Permian rocks only, a small number of species, represented by a 
few fragmentary examples, having been collected from a single locality 
(Julfa on the frontier of Persia and Russian Armenia). But there is 
not a single case of specific identity with HimMayan forms. The 
Armenian species of Otaceras are associated with a rich fauna of dis
tinctly Palreozoic aspect. 'f he numer.:ius types of Productidw, OrthidGJ, 
Spiriferidw, Ga.~trioceras, differ so widely from anything that is seen in 
the fauna of the Indian Otoceras beds, that the presence of the genus 
Otoceras at Julia does not justify the assumption of its being restricted 
to the Permian. Hungarites, the nearest ally of Otoceras, is certainly a 
Triassic genus, although it makes its first appearance in the Otoceras 
beds of J ulfa. Xenodiscus also ranges from the true Permian into the 
upper division of the Lower Trias. The species of Otoceras, which have 
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been described from the fauna of J ulfa, are leading fossils of the Upper 

Permian, but the genus Otoceras is not. 
A similar remark applies to Episageceras Dalailamm. The genus 

Episageceras in Noetling's interpretation is represented by three species 
only. Episageceras Wynnei Waag., from the Upper Productus lime
stone oi the Salt Range, E. Dalailamre Dien., from the Otoceras beds of 
the Himalayas, E. latidorsatum Noetling from the zone of Prionolobus 
rotundatus (lowest Ceratite marls) of the Salt Range. In its sutures 
E. Dalailamm agrees more nearly with the Permian E. Wynnei than 
with the Triassic E. latidorsatum. This affinity is considered sufficient 
for claiming a Permian age for E. Dalailamw. But this conclusion far 
exceeds the limit of the true relations of the elements of organic form to 
geological age, and the specific discrepancy between E. Dalailamw and 
E. Wynnei cannot be corrected by interpreting E. Dalailamw as a repre
sentative of a Permian group of forms in the face of the absence of all 
faunal guides pointing to a Permian age of the Otoceras beds. 

By this method of correlation the Permo-Triassic problem in the 
Himalayas has not been solved but simply reserved. 

Noetling looks upon the genus Otoceras and the group of Episnge
ceras Dalailamre as leading fossils of the Permian system and infers from 
their presence in the Indian Otoceras beds a Permian age for that stage. 
But in reality it is this character of the two ammonites quoted above 
as leading fossils of the Permian system, which ought to be proved first 
and this can only be done with reliable evidence of the Permian age of 
the Otoceras beds. Provided the Otoceras beds of India be really 
Permian, then, but only then, Otoceras is indeed a Permian genus. 
Otherwise it would be common to the Permian and the Trias, as are 
Xenodiscus and Hungarites. No diagnosis of the age of the formation 
can be based on the presence of Ot.oceras, but the stratigraphical value 
of the genus depends on the way in which the problem of the Otoceras 
beds is solved. 

All mistakes in the correlation of the Indian Otoceras beds were an 
outcome of the faultiness of this method. It has therefore been neces
sary to go into full details, since a general reliance among European 
geologists upon Noetling's authority still stands in the way of the 
acceptance of the truth. 

Positive palreontological evidence is decidedly contradictory to the 
assumption of a Permian age for the Indian Otoceras beds. The general 
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character of the cephalopod fauna is what we should expect to find in a 
.\Iesozoic horizon, the overwhelming majority of the ammonites being 
provided with ceratitic sutures. This character is not exhibited in any 
Permian cephalopod fauna hitherto known. 

Among the genera of ammonites Meekoceras1 and Ophiceras are in 
common with the fauna of the Triassic Meekoceras beds. Proptychite1 
and Prosphingites are Triassic genera. In the Meekoceras beds of Idaho 
species of the Ophiceras bed in Spiti are associated with an undoubtedly 
Triassic fauna. Among those species which have been quoted by J.P. 
Smith:! three are probably identical with Himalayan forms, namely:-

Ophiceras cf. Sakuntala Dien. 
,, cf. gibbosum Griesb. 

Meekoceraf cf. Hodg.qoni Dien. 

Two other species of Ophiceras are very nearly allied to Indian ones, 
namely, Ophiceras Spencei Hyatt et Smith to 0. ptychodes Dien., and 
0. D£eneri Hyatt et Smith to 0. demissum Opp.3 

All the numerous types of Palreozoic brachiopods, which are the 
predominating and most characteristic element both in the Productus 
Limestone 0£ the Salt Range and in the Kuling shales of the Himalayas, 
are completely absent from the Otoceras beds. There is no stratigraph
ical break in the uninterrupted sequence of beds, which in the Hima
layas connects the Permian and Triassic systems, but there is a distinct 
pal::eontological break or hiatus at the base of the Otoceras beds. In 
the Himalayan region there is certainly no gradual shading-off from a 
Palmozoic to a Meaozoic marine fauna through an intermediate group, 
but a sharply defined limit, which none of the characteri .tic species of 
Permian brachiopods transgredses. This absolute distinction between the 
brachiopods of the Knling shales and of the Otoceras bedR is so sharp 
that the li'mit between the two faunce offers itself as the m()st natural 
boundary of the two systems. 

I must object strongly to Noetling's criticism upon the importance 
of the absence of the Palreozoic brachiopod fauna from the Otoceras 

I Xoetling's report of the absence of the genus Meekoceras from the Otoceras 
stage has turned out to be incorrect. 

~ J. P. Smith : The stratigraphy of the Western American Trias, I. c., r· 394. 

8 A. Hyatt and J. P. Smith : Triassic cephalopod genera of America, I. c., PP· 118, 
lHJ. 
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stage. Being obliged to acknowledge the fact, he attempts to lessen its 
stratigraphical value by a hypothesis, which is, perhaps, the best argu
ment that could be produced against an adoption of his views. 

As an explanation of the sudden extinction of Palreozoic brachio
pods in the Salt Range he suggests an increase of the temperature 
of the sea, which he believes to have advanced from north to south. 
Thus the Palreozoic brachiopods still persisted in the Salt Range after 
they had already been extinguished in the Himalayas. The biological 
change was not synchronous in the two regions and the line of demar
cation, which in the Salt Range separates the two systems, does not 
separate them in the Himalayas. 

When we examine this argument critically, we find that the 
theory to account for the supposed difference in the periods of extinc
tion of the Palreozoic brachiopods in the Himalayas and in the Salt 
Range has no solid foundation whatever. But even if the validity of 
this theory should be conceded, there was the error at the start that 
Noetling has mistaken synchronism for homotaxis. It is on homo
taxis, however, not on synchronism, that all stratigraphical correlation 
must needs be based. 

With this negative evidence of the absence of Palreozoic brachiopods 
the positive evidence of a faunula of Triassic lamellibranchs agrees. From 
the unquestionable affinity or even identity of some Ammonoidea and 
Lamellibranchiata in the Indian Otoceras fauna with species of the 
American Meekoceras and of the Alpine Seis beds, there is scarcely room 
to doubt that the Otoceras stage is, indeed, of Triassic age. 

We are led to the same conclusion by th~ mP.thod of comparing the 
Permo-Triassic sequence of the Himalayas with that of the Eastern Alps, 
where, exactly as in India, the gap between the two systems is filled up 
by an uninterrupted series of marine deposits, ranging from the Groeden 
sandstones into the Werfen beds without the slightest trace of an 
unconformity. The Permian age of the Alpine Bellerophon Limestone 
having been ascertained, the question arises, whether it should be 
correlated with the Kuling shales and Upper Productus Limestone or 
with the Otoceras beds. 

Such faunistic affinities as exist between the Otoceras beds and 
the corresponding Alpine deposits point in the direction of the Seis 
beds, not of the Bellerophonkalk, as has been demonstrated by Bittner. 
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One species of Bellerophon (B. cf. Vaceki Bittn.) is probably identical. 
Among three species of lamellibranchs two are allied very closely to 
types from the Seis beds, Pseudomonotis (Claraia) Griesbachi Bittn. to 
Claraia ovata Schaur., and a species of Avicula to the common A. Vene
tianci v. Hauer. Brachiopoda of Palreozoic habit have not been met 
with either in the Otoceras beds or in the Seis beds. Their only 
representative in the Otoceras beds, Norella procreatrix Bittn., belongs 
to a group or subgenus which is at present known only from Triassic 
rocks. 

On the other hand the recent discoveries of Kossmat and Schellwien 
in Carniola clearly prove the Productus Limestone of the Salt Range to 
be the Indian representative of the Bellerophonkalk. The faunula 
from the hills to the west of Laibach exhibits striking affinities with 
the Permian faunre of the Punjab. From this locality the following 
species have been quoted by Schellwien 1 

:-

Richthofenia afj. Lawrenciana de Kon. 
Productus indicus Waag. 

,, Abichi Waag. 
Marginifera ovalis Waag. 
Lonsdaleia indica Waag. et Wentz. 

The discovery of this fauna excludes any possibility of correlating 
the Bellerophonkalk with the Ceratite formation or with the Oto
ceras beds. The homotaxis of the Bellerophonkalk with the Ceratite 
formation has been advocated recently by G. Caneva.2 This author 
admits the existence of faunistic affinities between the Bellerophonkalk 
and the Productus Limestone, but considers them to be too small to 
justify a home.taxis of the two groups. He prefers to correlate the 
Bellerophonkalk with the Ceratite formation, to which no faunistic 
affinities whatever exist. This is one of the most instructive illustra
tions of a method of correlation founded on wrong principles. 

The only ammonite hitherto known from the Bellerophon lime
stone, Paralecanites sextensis Dien.3 belongs to a genus which has also 

1 E. Schellwien: Monatsber, d. Deutschen Geol. Ges., 1905, P· 35 f. 
2 G. Caneva : U eber die Bellerophonkalk fauna. Zur Frage der Perm-Triasgrenze 

Neues Jahrb. f. Mineral, etc., 1906, II, PP· 52-60. . 
3 C. Diener: Ueber ein Vorkommen von Ammoniten und Orthoceren 1m sued

tirolischen Bellerophonkalk, Sitzgsber. kais. Akad. d. Wissensch., CVI, 1897, Math 

Nat. Kl. p. 66, 
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been found in the Meekoceras beds of Idaho associated with a typical 
Lower Triassic fauna. But the American species, P. Arnoldi Hyatt et 
Smith,1 is not identical with the Alpine form. The two distinguished 
authors are probably right in regarding it as a survival of the ancestral 
type, whose mature form is very much like the larval stages of 

Meekoceras. 

I may be permitted to quote in this place a note from my memoir 
on the Permian fossils of the Central Himalayas (Palaont. Ind., ser. 
XV., Himal. Foss., Vol. I, Pt. 5, p. 196) :-

" A bed of peculiar interest is the Permian limestone, which south of 
Pomarang, is intercalated in the dark micaceous Kuling shales. It i:-; 
rich in gasteropods and bivalves, and recalls the Bellerophon limestone 
of the South-eastern Alps. With the fauna of this remarkable horiz'.ln 
it has probably one species, Bellerophon Vigilii Stache, in common. The 
predominance of European Permian types in this limestone is an intBr
esting fact. Three species of bivalves-Modiolopsis Teploffi Vern., 
Solemya biarmica Vern., Oxytoma latecostatum Netsch.-are identical 
with such from the Permian strata of Russia, whereas another one is 
most nearly allied to Conocardium siculum Gemm., from the Permian 
Fusulina limestone of Sosio in Sicily." 

Any attempt to include the Otoceras stage in the Permian system 
is contradictory to palreontological evidence. It necessitates a corre
lation of the Otoceras beds with the Bellerophonkalk, to which their 
fauna has no affinity. 

On the principle of establishing correlation of horizons in distant 
countries by identity of the fossils all the evidence goes to prove that 
the Bellerophonkalk is the homotaxial equivalent of the Upper Pro
ductus Limestone and of the Kuling shales, especially of the limestone 
of Pomarang containing Bellerophon Vigilii, whereas the Otoceras stage 
corresponds stratigraphically to the lowest division of the Werfen beds 
(lower Seis bed2). 
------------- ---·--· 

1 A. Hyatt and J. P. Smith : Triassic cephalopocl genera of America, I. c., 
p. 136. 
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The following table shows this correlation of Permo-Tria.ssic beds 
in the Eastern Alps and in India :-

Eastern Alps. Salt Range. Himalayas. 

----- - .. - - - - -----

Buntsand- Campi! beds I Upper Ceratite Zone of Sibirites 
stein I limestone. spiniger. 

Ceratite sandstones He-denstrremia -bed8:-

I Ceratite marls Meekoceras beds. 
- ------ - -- -

I Lower Ceratite lime-

Seis beds with Ola-
I stone. 

U~cythian 
1 

Unfossiliferous beds Otoceras beds with 
stage.) raia sp., Bellero- I in the section of Claraia sp., Avioula 

phon Vaceki, etc. 
I Chideru. aff. U enetiana, Belk-

I 

I 
rophon of. V aceki. -----

Upper I Bellerophonk~lk'. withj Upper Product us Kuling shales (lime-
Permian. I Productus inrlicus, i limestone. stone of Pomarang 

P. Abichi Bellero- I with BeUerophon 

I 
phon Vigilii, etc. I Vigilii). 

I 
I 

On considering these several facts, I have been confirmed in my 
view published in 1897, that the Otoceras beds of the Himalayas must 
be included with the Lower Trias and that the boundary between the 
Permian and Triassic systems must be drawn between the Otoceras 
beds and the Kuling shales in th< Himalayas, between the Chideru 
stage of the Upper Productus Limestone and the Lower Ceratite Lime
stone in the Salt Range, between the Bellerophonkalk and the lower 
Werfen beds (Seis beds) in the Eastern Alps. 

II. THE MIDDLE TRIAS. 

(Muschelkalk and Ladinic stage.) 

a. The Muschelkalk of Spiti and Painkhanda. 

There is an almost perfect identity in the development of the 
Muschelkalk in Spiti and Painkhanda, although it has taken a consi
derable time to establish this fact with full certainty· A· v · 
Krafft was the first to draw attention to this uniform development, 
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which goes so far that almost every single bed found in the one area 
can be recognised in the other, as will be seen from a comparison of the 
section near Lilang with that of the Bambanag cliff. 

The section observed by A. v. Krafft and H. Hayden near Lilang 
in Spiti is as follows (in descending order):-

4. Dark grey limestone, often concretionary, with shaly part-
ings. Upper Muschelkalk 

3 f Grey limestone with Ceratites Rai:anct 
3 e Grey concretionary limestone 
3 d Shales with Spiriferina Stracheyi 
3 c Grey limestone . 
3 b Hard, grey limestone with Keyserlingites Dieneri 
3 a Thin layers of grey limestone and shale . 
2. Nodular limestone CNiti limestone Noetl.) 
I. Shaly limestone with Rhynchonella Griesbachi 

22 feet. 
16 ins. 
6 ins. 
4 ins. 
3 ins. 
4 ins. 
3 feet. 

60 feet. 
3 feet. 

Fm. 2. Section through the Middle Trias along the Lingti river (from A. v. KraUt' s 
diary). 

8. Daonella shales, with Daonella Lommeli. 

7. Passage beds. 

6. Upper Muschelkalk. 

6a Main layer of Ptychites rugifer. 

5. Zone of Spiriferina Stracheyi. 

4. Zone of Keyserlingites Dieneri. 

3. Nodular limestone. 

2. Limestone with Rhynchonella Griesbachi. 

I. Hedenstrwmia beds. 
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At the Bambanag cliff the following section was observed by A. v. 
Krafft in 1900 :- · 

4. Upper l\foschelkalk with numerous specimens of Ptychites, 
Hollandites, Beyrichites Khanikoffi Opp., Gymnites Vas-
antasena, Dien, etc. . . . . . . 20 feet, 

3 i _Shales with many concretions, containing Spirif erina 
Stracheyi . . . . . • . . 2 feet. 

3 h Dark grey limestone with Spiriferina Stracheyi and Spiri-
gera Stoliczkai . . . . . . . . 1 foot. 

3 g Black shales . . . . 5 ins. 
3 f Dark grey limestone with Keyserlingites Dieneri Mono-

phyllites Hara, M. Kingi, Spiriferina Stracheyi, Spirigera 
Stoliczkai 

3 e Black shale 
3 d Limestone as 3 f containing Gymnites sp. 
3 c Black shales . . . 
3 b Limestone as 3 h with Monophyllites sp. and Dalmatites 

5 ins. 
2 ins. 
7 ins. 
5 ins. 

Ropini Dien. . 6 ms. 
3 a Black shales with Keyserlingites sp. 5-6 ins. 
2. Nodular limestone (Niti limestone Noetl.) unfossili-

ferous . 50 feet. 
1. Earthy limestone with Rhynchonella Griesbachi and Retzia 

himaica • • 3 feet. 

In geological delimitation the Muschelkalk begins with the basal 
limestone No. I. In biological definition the first marine fauna of a 
typical character is that included in the shales and limestones No. 3. 
The overlying dark grey and well-bedded limestones (No. 4) have 
yielded a large number of Cephalopoda. 

The difference between the faunre contained in the two subdivisions 
Nos. 3 and 4 gave occasion for drawing the boundary line between the 
Lower and Upper Muschelkalk at the top of No. 3. The massive 
nodular limestone No. 2 is practically unfossiliferous, but is very con
spicuous in the scenery, towering in a steep escarpment above the slope 
of the Lower Triassic beds. For this horizon the name of Niti lime
stone was suggested by Noetling. 

This fourfold division of the Muschelkalk has also been observed in 
the section of the Shalshal cliff by A. v. Krafft, where he distinguished 
the following groups (in descending order) :-

4. Upper Mulchelkalk very rich in ammonites. 
3 b Thin beds of limestone with the brach_iopod fauna of Spiriferina 

Stracheyi. 
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3 a Shaly limestone with Keyserlingites Dieneri. 
2. Nodular limestone, unfossiliferous. 
I. Earthy limestone, with Rhynchonella Griesbachi and Retzia haimica. 

ID 

. ~ 
~b it\;, . 
. · iT\ 
I I \ . • .\ 

I : f\J1 
. ~ ...... 

• :1 --
. . t .... I . I 

-...,,:. .. 

Fm. 3. Section through the .Middle Trias of the Shalslwl cliff, opposite Rimkin 
Paiar. 

10. Shales with Halobia comata. 
9. Shaly limestone with Daonella indica. 
8. Traumatocrinus limestone. 
7. Passage beds (ladinic stage), 
6. Upper Muschelkalk. 
6 a Main layer of Ptychites rugifer. 
5. Thin beds of limestone with Spirif erina Stracheyi. 
4. Shaly limestone with Keyserlingiles Dieneri. 
3. Nodular limestone (Niti limestone). 
2. Limestone with Rhynclwnella Griesbarhi. 
I. Hedenstrcemia beds. 

The recognition of these four subdivisions in the section of the 
Slrnlshal cliff settles for us several disputed questions, for thi.; section 
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had furnished the basis for the classification of the Muschelkalk bv 
Griesbach and Diener in which they had been particularly unfortunate~l 

Those two authors distinguished a thin lower division with Brachio
pod(t (Rhynchonella Griesbachi), corresponding to No. 1, and a thick 
upper division, corresponding to beds Nos. 2, 3, 4 in A. v. Krafft's 
classification, but did not appreciate the stratigraphical importance of 
the horizon No. 3, because the fossils from it became mixed up with 
those of other horizons in the collections made by the expedition in 
1892. Thus two different brachiopod faunre were included in Diener's 
list of species from bed No. l, the fauna of Rhynchonella Griesbachi 
which actually belongs to this horizon, and the fauna of Spiriferina 
8traclieyi, which has its habitat in the shaly beds (No. 3) above the 
Kiti limestone.·~ 

This mistake was combined with a second one from which consider
able confusion arose. It was the supposed discovery of a specimen of 
11.eyserlinyites (group of Ceratites subrobusti Mojs.) in the Hedenstrc:emia 
beds, for which, consequently the name" Subrobustus beds "was then 
proposed by Diener. Since the actual layer of this ammonite was 
fixed in the beds with Spinferina Stracheyi by A. v. Krafft, not in the 
upper division of the Lower Trias, as suggested by Diener, the name 
"8ubrobustus beds" had to be dropped afterwards. 

The two brachiopod faunre of the zones of Rhynchonella Gries'bachi 
and Spiri/erina Stracheyi (beds Nos. 1 and 3) were first distin
guished by A. Bittner, 1 but his view only depended upon palreonto
logical evidence. Their existence was, however, soon afterwards con
firmed by geological researches, thus proving the fact that the testi
mony of fossils can always be relied on to the extent and precision 
which a palreontologist's ability to interpret them will permit. 

In 1899 A. v. Krafft 1 ascertained the presence of the brachiopod· 
bearing horizon with Spiri/erina Stracheyi Salt. in Spiti between the 
underlying mas'! of the Nodular limestone (Niti limestone) and the 

1 Jahrb k. k. Geol. Reichsanst., 1899, p. 692. 
~ ln the classification adopted by the Ueological Smvey of India, this is known 

a~ the "Nodular limestone'' (see Burrard and Hayden, Geography and Geology o/ 
the Himalaya and Tibet, p. 239).-Emron. 

3 C. Diener: Ergcbnisse einer geologischen Expedition in den Central-Himalaya, 
Denl.:schr. kais. Akad., LXII, 1895, pp. 571, 572. 

·1 General Report, Geul. Surv. of India for 1899-1900, P· 202. 
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Upper Muschelkalk, and discovered the bed No. 3, containing Keyserlin
gites Dieneri Mojs. (Ceratites subrobustus antea). In 1900 he fixed the 
horizonB distinguished by the two brachiopod faunas in the Bambanag 
and Shalshal cliffs, showing that the upper one (bed 3) was characterised 
by Spiriferina Stracheyi, and the lower one (bed l) by Rhynchonella 
Griesbachi. 

In Spiti this question was finally settled by H. Hayden's discovery 
of the layer with Rhynchonella Griesbachi at the base of the Nodular 
limestone, in the exact position in which it had been found in the 
Bambanag and Shalshal cliffs by Griesbach, Diener and A. v. Kra:fft. 2 

The evidence now available enables us to point out exactly where to 
draw the stratigraphical lines to indicate the four subdivisions which can 
be distinguished in the Muschelkalk in Painkhanda and Spiti, but the 
position of the two lower subdivisions in the general standard of the 
Triassic system is not quite clear. 

The age of the bed with Rhynchonella Griesbachi (No. 1) and of the 
Nodular limestone (No. 2) is looked upon as doubtful by Hayden and 
A. v. Krafft. Noetling 3 includes bed No. 1 with the Hedenstrcemia 
stage of the Lower Trias and bed No. 2 (his Niti limestone) with the 
Muschelkalk. 

From the horizon of Rhynchonella Griesbachi three species of brachio-
poda are known, namely :-

Rhynchonella Griesbachi Bittn. 
Norella Kingi Bittn. 
Retzia himaica Bittn. 

Although Rhynchvnella Griesbachi belongs to the Alpine group of 
Rh. trinodosi Bittn. which is one of the chief leading fossils of the 
Muschelkalk, its presence cannot be regarded as a sufficient proof in 
favour of a Muschelkalk age of this horizon. 

Diener records one ammonite from the ht,yer with Rhynchonella 
Griesbachi, Sibirites Prahlada, which he claims to have chiselled out from 

1 General Report, Geol. Surv. of India for 1900-01, p. 26. Zur Glieberung des 
Muschelkelkes im Himalaya, Verhandl, k. k. Geol. Reichsanst, 1901, p. 52. 

2 H. Hayden: The Geology of Spiti, I. c., p. 69. 
s Asiatische Trias, Lethrua mesozoica, I. c., pp. 138, 139. 
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the rocks in situ in a section of the Shalshal cliff, not locally identical 
with the section where the large species of brachiopods from the zone 
of Spiriferina Stracheyi have been found. 1 In Spiti, however, several 
examples of this species have been collected in bed 3b of the section 
near Lilang by A. v. Krafft. 2 Now the question arises, whether 
Sibirites Prahlada is restricted to bed 3 or ranges from the layer with 
Rhynchonella Griesbachi into a horizon of undoubted Muschelkalk age. 
No second specimen has been found in Painkhanda, neither in bed I 

' nor in bed 3 of the Bambanag and Shalshal cliffs. 
Provided the species could be proved to have its habitat in bed 

No. I of the Shalshal cliff, this might be accepted as a strong reason 
for including the horizon of Rhynchonella Griesbachi with the Muschel
kalk. 

On the other hand two ammonites, which have been discovered in 
the Niti 3 limestone of Spiti by H. Hayden, were identified with species 
from the Hedenstrremia beds of Muth by A. v. Krafft. 4 He therefore 
proposes to draw the boundary line between the Lower and Middle Trias 
at or above the middle of the Niti limestone. But Diener, on the 
strength of a re-examination of the specimens collected by Hayden, 
refuses to admit their identity with Lower Triassic species declaring 
them to be altogether indeterminable owing to their unfavourable state 
of preservation." 

In the absence of more convincing evidence, the age of the bed con
taining Rhynchonella Griesbachi and of the overlying Niti limestone 
must still remain an open question. For the present I prefer to leave 
them with the Muschelkalk, both from respect for historical priority
Griesbach having included them in the Upper Trias-and because from 
a geological point of view the Niti limestone certainly belongs to this 
group, not to the Lower Trias. 

I C. Diener: The fauna of the Himalayan Muschelkalk, Palceont. Ind., Ser. XV, 
Vol. V, Pt. 2, p. 130. 

2 The name ' zone of Sibirites Prahlada,' in the sense in which it was used by 
Diener must be discarded, since this species has in Spiti its main layer above, not 
below the Niti limestone. 

3 See footnote to p. 59.-En. 
4 H. Hayden, Geology of Spiti, I. c., p. 67. 
5 In General Report, Geol. Surv. of India, 1899-1900, p. 192, H. Hayden men

tions ~one species of N autilidce, Grypoceras sp. ind. ex. a'ff. Palladii Mojs. from the 
Niti limestone of Spiti. 
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Leaving aside the horizon of Rhynchonella · Griesbachi and the Niti 
limestone, which in thickness is the predominating element of the 
Middle Trias of Painkhanda, the rest of the Muschelkalk falls naturally 
into two subdivisions, a lower one about six feet in thickness, consisting 
of thin-bedded, grey limestones, partly alternating with shales (bed 
No. 3), and a higher one (No. 4) reaching a thickness of 20 feet, consist
ing of dark grey, regularly bedded limestones. In the scenery the 
group No. 3 is often indicated by a softer slope, interrupting the out
lines of the steep escarpments above and below. 

The Lower Muschelkalk (group No. 3) constitutes one single strati
graphical horizon. There is no definite boundary between the lower beds 
containing ammonites and the higher ones containing brachiopods. As 
we pass upwards in the sections-especially in that of the Bambanag 
cli:ff,-the ammonites are gradually replaced by brachiopods, according 
to A. v. Krafft's observations. The whole series between the Niti lime
stone and the Upper Muschelkalk must therefore be united in one group, 
but it must be understood that the cephalopoda prevail in the lower 
part of the group, and the brachiopoda in the upper. 

The brachiopod fauna of the zone of Spiriferina Stracheyi is very 
uniform in Painkhanda and Spiti. From both regions the following 
three species are known :-

Spiriferina Stracheyi Salt. 
Spirigera Stoliczkai Bittn. 
Rhynchonella Dwneri Bittn. 

A fourth species, Rhynchonella mutabilis Stol., is hitherto known from 
Spiti only. Three other species of brachiopods, which have been des
cribed by Stoliczka in volume V of the Memoirs of the Geological Survey 
of India, are of doubtful position, since it is uncertain whether they 
belong to the Lower or to the Upper Muschelkalk. 

Regarding the cephalopod-fauna of the Lower Muschelkalk, the Spiti 
sections-especially those of Lilang and along the Gyundi river-have 
yielded a considerably larger number of fossils than the sections of 
Painkhanda. 

The following four species, all of which were collected by A. v. 
Krafft and Hayden, are common to both districts :-

Keyserlingites Dieneri Mojs. 
Dalmatites Ropini Dien. 
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Monophyllites Hara Dien. 
,, J(ingi Dien. 

Twelve species are peculiar to Spiti, namely :
Oeratites (Hollandites) Vyasa Dien. 

,, (Danubites) cf. Kansa Dien. 
Keyserlingites Pahari Dien. 

,, pagoda Dien. 
,, sp. ind. afj. Bungei Mojs. 

Japonites cf. Uqra Dien. 
Stacheites Webbianus Dien. 
Sibirites Prahlada Dien. 
Gymnites depauperatus Dien. 

,, sp. ind. aff. Sankara Dien. 
Monophyllites (Mojsvarites) Confucii Dien. 

,, ,, Prady1tmna Dien. 

68 

Only two species of Nautiloidea which appear in A. v. Krafft's 
collections from the Shalshal cliff have not as yet been noticed in the 
Lower Muschelkalk of Spiti. Those species are:-

Orthocems cf. multilabiatum Hauer. 
,, cf. campanile Mojs.1 

The most characteristic element in this fauna is the group of Keyser
lingites Dieneri (Oeratites subrobusti). 

The Himalayan representatives of this group are not identical with 
those from the Olenek beds of Siberia. It might even be questioned 
whether they should actually be included in the genus (or subgenus) 
Keyserlingites. They serve indeed to illustrate one of the most interest
ing cases of convergence. Full grown individuals of Keyserlingites Dieneri 
agree so closely with the Siberian Keyserlingites wbrobustus Mojs. in 
all their external characters, that their examination did not lead to the 
discovery of any features which might justify a specific separation. It 
was only the examination of inner nuclei-not known before 1905-
which showed the larval and adolescent stages to differ remarkably from 
the corresponding stages in Keys. subrobustus. Whereas inner nuclei 
of the latter species resemble mature stages of Dinarites (Olenekites) 

1 All the species quoted in this list have been described and illustrated in 
Diener, Fauna of the Himalayan Muschelkalk, Pal, Ind,, ser, XV, Vol. V, Pt, 2. 
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spiniplicatus, its Indian representative passes through stages resembling 
Tirolites and afterwards Sibirites. 

There is consequently no real affinity between the Indian and 
Siberian types corresponding to their astonishing resemblance in exter
nal shape, sculpture and sutures. A new subgeneric denomination, 
Durgaites, might be proposed for the Himalayan forms. 

The Upper Muschelkalk (No. 4) is a cephalopod-facies, in which very 
few remains of Brachiopoda, Gastropoda and Lamellibranchiata are 
associated with a large number of ammonites. The following species of 
Brachiopoda certainly belong to the Upper Muschelkalk of Spiti :-

Coenothyris vulgaris Schloth. 
Mentzelia Mentzelii Dunk. 

" 
kceveskalliensis Suess. 

The following species of Gastropoda and LameUibranchiata must be 
added to this list :-

Pleurotomaria indica Blaschke. 
W orthenia Dieneri Blaschke. 
Tectospira gracilis Blaschke. 
Omphaloptycha sp. ind. 
Pseudomelania sp. ind. 
Cardiomorpha (1) Haydeni Dien. 
Lima sp. ind. afj. lineata Desh. 
Posidonomya sp. ind. afj. pannonica Mojs. 

The differences between the cephalopod faunre of Spiti and of Pain
khanda are of small importance. In both areas the fauna of the Upper 
Muschelkalk is richer in species than that of any other Triassic horizon. 
Not less than 23 species of Cephalopoda are common to the two dis
tricts, among them all the important leading fossils of this horizon. 
·These species are :-

Ceratites Thuilleri Opp. 
,, 
,, 
,, 
,, 
,, 
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Kamadeva Dien. 
(Hollandites) Voiti Opp. 

,, Ravana Dien. 
,, Airavata Dien. 
,, V il>vakarma Dien. 

" 
Dungara Dien. 
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Ceratites (Hollandites) Moorei Dien. 
,, ,, V yasa Dien. 
,, ,, Cecilii Dien. 

Beyrwhites Khanikoffi Opp. 
,, Kesava Dien. 

Acrochordweras Balarama Dien. 
Sturia Sansovinii Mojs. 
Buddhaites Rama Dien. 
Gymnites J ollyanus Opp. 

,, Sankara Dien. 
Ptychites rugif er Opp. 

,, cochleatus Opp. 
,, Everesti Opp. 
,, Gerardi Blfd. 

" 
Sumitra Dien. 

,, Mahendm Dien. 
The following 44 species of Cephalopoda are confined to 8piti :·

Orthoceras spitiense Dien. 
Mojsvaroceras kagce Dien. 
Germanonauti:lus cf. salinarius l\fojs. 
Syringonautilus spitie-nsis Stol. 
Grypoceras Griesbachi Dien. 
Paranautilus Bullockii Dien. 
Ceratites trinodosus Mojs. 

,, himalay:1nus Blfd. 
" S]J. ind. ex. ao. Abfrhi Mojs. 

sitperbiformis Dien. 
,, truncus Opp. 
,, Devasena Dien. 
,, Padma Dien. 
,, (Hollandites) Hidimba Dien. 
,, (Salterites) Oberhummeri Dien. 
,, (Haydenites) Hatschekii Dien. 

Beyrichites proximus Opp. 
Cuccoceras yoga Dien. 
J aponites cf. Dieneri Mart. 
lsculites Hauerinus Stol. 
Acrochordiceras cf. Carolince Mojs. 

26Ci 
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Acrochordiceras sp. ind. afj. pusterico 
Monophyllites sphmrophyllus Hauer. 
Pinacoceras Rwjah Dien. 
Gymnues incultus Beyr. 

,, cf. Humboldti Mojs. 

" 
Mandiva Dien. 

" 
K irata Dien. 

,, religiosus Dien. 

Mojs. 

,, sp. ind. aff. subclausus Hauer. 
Anagymnites Lamarcki Opp. 

,, cf. acutus Hau. 

" 
Torrensii Dien. 

Ptychites cognatus Opp. 

" 
" 
" 

Sukra Dien. 
Asura Dien. 
Durand ii Dien. 

,, Vidura Dien. 
,, Malletianus Stol. 
,, impletus Opp. 
,, Mangala Dien. 

J oannites cf. proavus Dien. 
Proarcestes Balfouri Opp. ( =Escheri Mojs.) 

,, sp. ind. afj. Bramantei Mojs. 

The following thirteen species are restricted to Painkhanda accord
ing to the present state of our knowledge:-

Ceratites Royleanus Dien. 
,, Arjuna Dien. 
,, (Gymnotoceras) aff. geminato Mojs. 
,, ( H ollandites) N ctlikanta Dien. 
,, 
,, " ,, 

Srikanta Dien. 
N arada Dien. 

Ananorites monticola Dien. 
J aponites Sugriva Dien. 

" 
Chandra Dien. 

beyrichites Gangadhara Dien. 
,, affinis Mojs. 

" 
Rudra Dien. 
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A faunula of the Upper Muschelkalk of a rather peculiar character 
was collected by Diener on the southern slope of the Uttardhura 
leading from Milam (Johar) to the Girthi valley (Painkhanda). The 
three following species are peculiar to this locality and have not been 
found in the sections of Painkhanda and Spiti :-

Orthoceras cf. campanile Mojs. 
Acrochordiceras joharense Dien. 
Pseudodanub1'tes Dritarashtra Dien. 

An exposure of Muschelkalk, probably rich in beautifully preserved 
fossils, but not yet examined tl1oroughly, was discovered by Griesbach. 
on the eastern slope of the Tsang Tsok La (Hop Gadh) in Hundes. It 
has yielded the following species :-

Ceratites (Hollandites) Hidimba Dien. 
Beyrichites Khanikoffe Opp. 
Ptychites Govinda Dien. 
Proarcestes Balfouri Opp. 

In general the fauna of the Upper Muschelkalk is very uniform in 
Painkhanda and Spiti. The number of species peculiar to either of the 
two districts will no doubt be reduced still more considerably by future 
researches. 

b. The Muschelkalk of Kashmir. 

The presence of Muschelkalk in Kashmir is proved by a small number 
of ammonites and brachiopods, collected by Prochnow, the brothers von 
Schlagintweit, Stoliczka and Lydekker. 

Spiriferina Stracheyi Salt. from the Tsarap valley (Zanska.r basin) 
p~ints to the lower division of the Muschelkalk (group No. 3). 

The fa.um of the Upper Muschelkalk is indicated by Cera_tites 
Thuilleri (Sonamarg), Gymm:tes Salteri Beyr. (Ladakh, exact locality not 
known), Proarcestes Balfouri Opp. ( =Escheri Mojs.,) from Dras (50 to 
GO miles E. N. E. of Srinagar), Ptychites Dnrandii Dien. from Padam 
(Zanskar valley).1 

In the sections of the Guryul ravine the Muschelkalk is represented 
by sandy shales with subordinate limestones, which follow conformably 
above the Lower Trias. In the middle division of this group 

lPalroont. Indica, ser. XV, Vol. V,Pt. 2,p.139. 
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Rhynchonell,a cf. trinodosi Bittn., Rh. cf. mutabilis Stol. and Sp-iriferina 
Stracheyi Salt. have been collected by C. S. Middlemiss. 

c. The Miischelkalk of Eastern Johar. 

The development of the Muschelkalk in Eastern Johar agrees, as far 
as known, with that observed in Spiti and Painkhanda. The fossils, 
which have been collected from the ridge between the Dharma and 
Lissar valleys, are imbedded in a dark shaly limestone. Among the 
Cephalopoda the overwhelming majority are identical with species 
from the Shalshal cliff. The following species belong to the Upper 

Muschelkalk :-

Grypoceras sp. ind. ex. aff. Palladii Mojs. 
Ceratites Thuilleri Opp. 

,, (Hollandites) Ravana Dien. 
,, ,, Airavata Dien. 
,, ,, Dungara Dien. 

Beyrichites cf. Rudra Dien. 
Pseudodanubites cf. Dritarashtra Dien. 
Acrochordiceras Balarama Dien. 

,, cf. Carolinre Mojs. 
,, sp. ind. aff. pusterico Mojs. 

Gymnites Sankara Dien. 
,, J ollyanus Opp. 

The presence of the zone of Spiriferina Stracheyi is indicated by this 
species and by Dielasma hhnalayanum Bittn. 

d. The Muschelkalk of Byans. 

A. v. Krafft has drawn the attention of Indian geologists to the re
marka1le uniformity of the Muschelkalk in Spiti, Garhwal and Kumaon, 
a uniformity which goes so far that almost every single bed found in 
the one area can be recognised in the other. It seems, however, that a 
change takes place towards the east, for in Byans, in the north-eastern 
corner of Kumaon, near the boundary of Nepal, the Muschelkalk is 
developed in the facies of light grey limestone, without any trace of 

-------------

Records, Geol. Surv. of India, XX.XVII, (1909), p. 304. 
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shaly partings. This is evident from the notes left by Smith and A. v. 
Krafft, which have been published in my memoir on the fauna of the 
Himalayan Muschelkalk. 

This eastern facies of the Himalayan Muschelkalk consists of pure 
limestones of a light grey colour, which overlie the chocolate limestone 
of Lower Triassic age. The dark, concretionary limestone with shaly 
partings, which is characteristic of the Muschelkalk in the north~ 
western districts of the Centra,l Himafayas, is entirely absent. In this 
development of light grey, pure limestones even the zone of Rhynchonella 
Griesbachi is included, as is proved by a large number of examples of 
this species in Smith's collections from Kalapani. 

Noetling proposed to group the bed with Rhynchonella Griesbachi 
with the Hedenstrcemia stage, because in the section of the Shalshal 
cliff he found it to agree lithologically with this stage. Any geologist 
starting from an examination of the sections in Byans will be inclined to 
draw the boundary between the Lower end Middle Trias at the base, not 
at the top of the bed with Rhyndwnella Griesbachi, which is united with 
the Muschelkalk into one uniform mass of light grey limestone. 

The presence of the zone of Spiriferina Stracheyi is indicated by 
several species of brachiopods, characteristic of that zone, in Smith's 
collections from Jolinka and Kalapani, namely:-

Spiriferina Stracheyi Salt. 
Spir,igera Stoliczkai Salt. 
Dielasma himalayanum Bittn. 

It cannot be decided whether the two specimens of RhynchoneUa 
trinodosi Bittn., one of the most characteristic species of the Alpine 
Muschelkalk, which I discovered among Smith's collections from Ke.la
pani, have their habitat in this zone (group No. 3) or in the Upper 
Muschelkalk. The Indian group of Ceratites subrobusti (Keyserlingites 
Hyatt, Durgaites Dien.) is not yet known to us from Byans. 

The layer of brachiopods, representing the zone of Spiriferina 
Stracheyi in the uniform mass of the Muschelkalk in Byans, occurs about 
50 feet above the top of the chocolate limestone, according to A. v. 
Krafft. Thus the lower part of the Muschelkalk might be considered as 
an equivalent of the Nitit limestone in Painkhanda and Spiti. A bed of 

1 See footnote to p. 59.-ED, 
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limestone, following above this brachiopod-layer, is rich in Oephawporla 
of the Upper Muschelkalk. Fossils, which are as a rule strongly 
deformed and elliptical in outlines, have been found in considerable 
numbers near Kalapani (Griesbach) and J olinka (Smith, A. v. Krafft). 

The following species have been determined by Diener:-

Atractites Smithii Dien. 
Orthoceras cf. campani"le Mojs. 
Grypoceras Griesbachi Dien. 
Mofsvaroceras sp. ·ind. afj. Morloti Mojs. 

,, nivicola Dien. 
Oeratites Thuil"leri Opp. 

,, Kuvera Dien. 
,, (Philippites) folinkanus Dien. 
,, (Hollandites) Vyasa Dien. 
,, ,, RoXburghii Dien. 
,, (Peripleurecyclus) Smithianus Dien. 

Smithoceras Drummondii Dien. 
Sageceras sp. ind. 
Buddhaites Rama Dien. 
Bulcowskiites Oolvini Dien. 
Pinacoceras Loomisii Dien. 
Gymnites J ollyanus Opp. 

,, K irata Dien. 
,, Sankara Dien. 

Ptychites Sahadeva Dien. 

1rhis fauna, although showing unmistakably the character of the 
lJpper Muschelkalk, is remarkable for the large number of types peculiar 
to this area. Not only the lithological, but also the faunistic develop
ment of the Muschelkalk in Byans is different from that of the north
western facies. Among twenty species of Oephaloporla not less than ten 
have not yet been found in any Himalayan district outside Byans. 
Some very remarkable types, as Smithoceras, Philippites, Perip"leurocy
clus, Bulcowshites, Pinacoceras Loomisii are represented among them. 
Smithoceras Drummondii deserves special interest, as the most primitive 
ancestor of the highly specialised types of Haloritinm and Juvavitinre in 
the Upper Trias, 
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Detailed researches will be necessary before anything more definite 
can be said about the Muschelkalk of Byans. 

e. The Ladinic stage of Spiti. 

One of the most important stratigraphical results of A. v. Kra:flt's 
1md Hayden's researches in Spiti was the discovery of a very rich devel
opment of the Ladinic stage. The presence of this stage, which Diener 
and Griesbach had failed to recognise in the sections of the Bambanag 
and Shalshal cliffs, had been predicted by Bittner,1 on the ground of his 
discovery of a specimen of Daonella Lommeli Wissm. among Griesbach's 
collections from Muth. 

From H. Hayden's and A. v. Kra:fft's descriptions it is evident that 
no stratigraphical break occurs in Spiti above the Upper Muschel
kalk, but that the passage into the ladinic stage is so gradual, that no 
boundary line can be fixed between the two. In the sections of Kaga, 
of Muth and in the Thanam valley, the topmost bed of the Muschel
kalk group, which stratigraphically cannot be separated from the beds 
containing Ptychites rugifer Opp., has yielded a fauna of a decidedly 
ladinic aspect. 

Above this passage bed follows a series of thin-bedded black, shaly 
limestones and earthy shales, with some hard, black limestone beds 
(weathering brown), of 160 feet in thickness. This is the group of 
'Da.onella shales,' the prototype of the ladinic stage in Spiti. 

The fauna of the passage beds in Spiti consists of the following 
species:-

Spirigera hunica Bittn. 
Ceratites (1) Wetsoni Opp. 2 

Arpadites cf. lissarensis Mojs. 
·,, rimkinensis Mojs. 

Hungarites Pradoi d' Arch. 
,, sp. ind. afj. Mojisisovicsi Bceckh. 

Protrachyceras longobardicum Mojs. 
,, spitiense Dien. 
,, Cantleyi Dien. 

l A. Bittner, Palreont. Indica, ser. XV, Himalayan Foss., Vol. III, Pt. 2, p. 38. 
2 The appurtenance of this species to the genus Ceratites is extremely doubtful. 
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1'hanamites bicuspiclatus Dien. 

" 
bannaensi'.s Dien. 

Rimkinites nitiensis Mojs. 

" 
Edmondii Dien. 

Sturia sp. ind. 
Ptychites Gerardi Blanf. 
Megaphyllites Jarbas Muenst. 
Joannites Kossmati Dien. 

cf. proavus Dien. 
Proarcestes cf. Balfouri Opp. 

This fauna has ten species in common with the Daonella shales and 
three only with the Upper Muschelkalk. All of them-Ptychites Gerardi, 
Joannites cf. proavus, Proarcestes Balfouri-range from the Upper 
Muschelkalk into the Daonella shales. The topmost bed of the 
Muschelkalk group must, consequently, be included in the ladinic stage. 

All the sections in Spiti examined by H. Hayden and A. v. Krafft, 
prove that there is a gradual passage both lithologically and faunistic
ally from the Upper Muschelkalk into the ladinic stage. The typical 
fauna of the latter stage is concentrated in the Daonella shales near the 
base of which the following species have been found :-

Daonella Lommeli Wissro. 
,, sp. ind. afj. Lornmeli 

" indica Bittn. 
Spirigera hunica Bittn. 
Rhynchonella cf. Theobaldiana 
Ceratites Narsingha Dien. 
Arpadites rimkinensis Mojs. 
Hungarites Pradoi d' Arch. 
Thanamites bicuspiclatus Dien. 
Rimkinites nitiensis Mojs. 

,, Edmondii Mojs. 
Anal.cites Laczkoi Dien. 
Protrachyceras Archelaus Lbe. 

" ,, 
spitiense Dien. 
ladinum Mojs. 

Wissm. 

Stol. 

,, cf. longobardicum Mojs. 
,, sp. ind. cf. regoleclanum Mojs. 
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Sturia sp. ind. 
Gymnites calosoma Dien. 
Pinacoceras sp. ind. afj. Damesi Mojs. 
Ptychites Gerardi Blfd. 
Joannites cf. proa'IJUS Dien. 

,, sp. ind. cf. trid,entinus Mojs. 
,, Kossmati Dien. 

Proarcestes bicinctus Mojs. 
,, cf. Balf ouri Opp. 
,, sp. ind. aff. esinensi Mojs. 
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This fauna clearly bears the stamp of ladinic age, as shown by the 
relationship of a large number of species to European ones. DaoneUa 
Lom1ne,li, the leading fossil of the ladinic stage in the Tyrol (W engen 
beds) occurs throughout the entire thickness of the Daonella shales. 

Fro. 4. Detailed section throu.gh the upper la.dinie and lower earnic beds near 

Lilang from A. v. K rafjt 's diary :-

5. Grey beds (shales a.lterna.ting with limestones). 
4. Ha.labia. limestone. 
3. Horizon of J oannites thanamensis. 
2. Daonella. limestone. 
I. Daonella shales, with Daonella Lommeli. 

'fhe Daonella shales are overlain by a homogeneous mass of dark, 
plintery limestone, about 280 feet in thickness. This mass is divided 
by a band of black limestone intercalated with shales. The lower 
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division contains Daonella indica Bittn., and, in its lower part, als 
Daonella Lomrneli, whereas in the upper region Halobia cf. comata Bittn., 
a species of the carnic group of rugosm, has been found. 

A. v. Krafft, who designated the lower division as "Daonella lime
stone" and the upper as "Halobia limestone," gives the following 
sequence of beds between the Upper Muschelkalk, and the grey shales 
with J oanites cymbiformis 1 :-

4. Hard, black, splintery limestone, somewhat bituminous, 
with calcite veins, weathering greyish brown, inter
calated with shaly limestones in layers of one to three 
feet containing Halobia cf. comata Bittn., and H. fasci-
gera Bittn. Ill ft. 

3. Black limestones, intercalated with shales containing 
Joannites thanamensis Dien. 25 ft. 

2. Hard black limestones, as 4 with Daonella indica Bittn. 
Daonella Lommeli occun; in the lower division, but not 
higher up than to the upper third of this group . 145 ft. 

I. l::ieriesof thin-bedded black shales and limestones (Dao
nella shaJoes) with Daonella Inilica Bittn. and D. 
Lommelli Wissm. 160 ft. 

Series No. 2 corresponds to A. v. Kra:fft's "Daonella limestone." 
It contains a fauna consisting of the following species :

Traumatocrinus sp. ind. 
Daonella Lomrneli Wissm. 

,, indica Bittn. 
,, sp. ind. aff. Cassianm Mojs. 

Rhynchonella cf. rimkinensis Bittn. 
Phloioceras <leliciosum Dien. 
Styrites lilangensis Dien. 
Celtites trigonalis Dien. 

,, perauritus Dien. 
Rimkinites nitiensis Mojs. 
Monophyllites cf. wengensis Klipst. 
Joannites cf. Klipsteini Mojs. 

" 
Kossmati Dien. 

In this fauna Wengen and St. Cassian types are associated so closely 
that both equivalents of the highest ladinic and of the lowest carnic 
beds of the Mediterranean regions seem to be represented in the Dao
nella limestone of Spiti. 

l General Report, Geol. Surv. of India, 1899-1900, p. 208. 
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The entire thickness of the ladinic stage in Spiti undoubtedly 
exceeds that of the Muschelkalk considerably. If we include the lower 
half of the Daonella limestone (group 2 in the sequence as given above), 
in which Daonella Lonimeli has been found 1, it amounts to 240 feet. 
At any rate group No. 1, of 160 feet in thickness, is a typical represent
ative of the ladinic stage in the Himalayas. 

f. The Ladinic stage of Painkhanda, Johar and Byans. 

In his description of the classical section of the Shalshal cliff Diener 2 

stated that the Ptychites beds of the Upper Muschelkalk were overlain by 
a series of well-bedded limestones of inconsidei·able thickness, agreeing 
lithologically with the underlying Muschelkalk, and only distinguished 
from it by its abundance of crinoid stems (Traumatocrinus Dittm). 

The faunula of this Traumatocrinus limestone was declared by E. v . 
.\fojsisovics to belong to the carnic stage (zone of Trachyceras Aonoides). 
From this Diener concluded that the ladinic stage and the zone of 
Trachyceras Aon (St. Cassian beds) were either missing from the Trias of 
the Himalayas or, if really present, were of such insignificant develop
ment and thickness, that they could not be separated from the Mus
chelkalk, much in the same way as they occur in the North-eastern 
Kalkalpen of Austria. 

A. v. Krafft refused to admit the homotaxis of the Traumatocrinus 
limestone with the zone of Trachyceras Aonoides, but the recent exa
mination of the rich fauna collected by him in the Bambanag and 
Shalshal cliffs has proved E. v. Mojsisovics' determination of its strati
graphical position to be entirely correct. 

If there are, indeed, equivalents of the ladinic stage present in 
Painkhanda, they are very small in thickness and extremely poor in 
characteristic fossils. A. v. Krafft, when revising the sections in 
Painkhanda in 1900, found in the Shalshal cliff, between the highest 
beds of the Upper Muschelkalk containing Ptychites rugifer and the 

l It has been demonstrated by Bittner (Himalayan Foss., 1. c., Vol. III, Pt. 2, 
p. 34), that the true Daonella Lommeli is restric~d to the lad~nic stage of the Alpine 
Trias and does not ascend into higher stages (none Hallstatt limestone) as has been 
suggested by Rothpletz. 

z c. Diener, Ergebnisse einer geologischen Expedition in den Central Himalaya, 
etc., I. c., pp. 546, 547. 
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Traumatocrinus limestone, a series of thin-bedded concretionary lime
stone, with shaly partings, about 25 feet in thickness, which although 
agreeing lithologically with the Upper Muschelkalk, yielded a different 
faunula consisting of the following species :-

Daonella indwa Dittn. 
,, cf. obliqua Mojs. 

Spirigera hunwa Bittn. 
Celtites cf. trigonal is Dien. 
Joannites cf. proavus Dien. 

There is only the presence of Joannites cf. pronvus which can be 
urged in favour of a correlation with the ladinic stage. Otherwise 
the fauna is closely allied with that of the Traumatocrinus limestone. 
Daonella Lommeli the most important leading fossil of the Daonella 
shales of Spiti, is not yet known from any Triassic section in Pain -
khanda. 

In the Bambanag cliff the Traumatocrinus limestone is also 
present, but beds to which a ladinic age might be assigned with any 
probability were not found there by A. v. Krafft. 

There is, perhaps, an indication of the ladinic stage in the faunula 
of a dark grey limestone, which was discovered by C. L. Griesbach 
opposite the Ralphu glacier in the Lissar valley and designated by him 
"horizon of Ammonites Aon." This faunula contains the following 
species:-

Daonella ind-ica Bittn. 
Arpadites lissarensis Mojs. 
Protrachyceras ralphuanum Mojs. 
Joannites sp. ind. 
Ptychites Gerardi Blfd. 

,, posthumus Mojs. 

Although this fauna has an older aspect than that of the Trauma
tocrinus limestone, there is no direct proof of its ladinic age. It is too 
sca~ty and meagre to _p~rmit any definite statement, as it might be 
attributed to the ladimc ~r lower carnic stage with nearly equal 
reason. 

In Bya.ns there is no evidence whatever of a representation of the 
ladinic stage. It might be looked for in the uniform mass of light grey 
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limestones, which have yielded a fauna of Muschelkalk age in their 
lower, and the Tropites fauna in their upper, portions. 

Thus we come to the following conclusions :-E. v. Mojsisovics and 
Diener were right in attributing the Traumatocrinus limestone to the 
carnic stage. Yet this limestone does not follow immediately above 
the Ptychites beds of the Muschelkalk, at least not in all sections of 
Painkhanda, but there is a small thickness of limestones, from which 
Ptychites rugifer is absent, intercalated between the Muschelkalk and 
the carnic stage. It is probably of ladinic age. There is no hiatus in 
the stratigraphy of the Himalayan Trias in the Shalshal cliff, but the 
ladinic beds, provided they are represented at all, are extremely reduced 
in thickness, lithologically identical with the Upper Muschelkalk, and 
at the same time very poor in characteristic fossils. 

The ladinic stage is therefore of much less importance in the sections 
of Painkhanda than it is in Spiti. The black shales and limestones with 
Daonella Lommeli, which are 160 to 240 feet thick in Spiti and very rich 
in fossils, dwindle down towards the east until they are restricted to a 
few feet in the section of the Shalshal cliff. This is a very interesting 
fact. For while, as we have seen, the Muschelkalk is constant in thick
ness in the two areas, a remarkable change sets in during the ladinic 
stage. We shall see later on that this tendency of the Triassic deposits 
of the Himalayas to thin out towards the east, becomes still more 
marked in the Upper Trias. 

g. Correlation of the Middle Triassic deposits of the Himalayas with 

those of Europe and America. 

The similarity of the stratigraphical development of the Muschelkalk 
both in the Himalayas and the Eastern Alps is most striking, as has 
been stated by A. v. Krafft. 

In both regions a thick mass of unfossiliferous limestones forms the 
basal division of the group. In the South-eastern Alps, more especially 
in the district of Recoaro, where the development of the Muschelkalk is 
more complete than anywhere else in the Mediterranean region, this 
mighty ma.ss, which is very poor in fossils, corresponds to the limestone 
with Dadocrinus gracilis. It has yielded a few bivalves which are 
closely allied to Lower Triassic species from the Campil beds, but never 
any Cephalopoda. It is followed by a zone of marls and limestones rich 
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in brachiopods. The topmost bed contains ammonites of the zone of 
Ceratites binodosus. This is the fossiliferous horizon which in Alpine 
geological literature has often been designated as" Lower Muschelkalk." 
but lies proportionately high in the mass of the Alpine Muschelkalk. 
It is overlain conformahly by the limestones of the Upper Muschelkalk 
containing the Cephalopod fauna of the zone of Ceratites trinodosus. 

Each of those three divisions of the Alpine Muschelkalk might be 
compared to a corresponding division of the Muschelkalk group in the 
Central Himalayas, the Niti 1 limestone, including the horizon of Rhyn
chonella Griesbachi at its base, to the limestone with Dadocrinus gracilis, 
the brachiopod-bearing beds with Spiriferina Stracheyi Salt. and the 
underlying horizon of Keyserlingi'.tes (Durgaites) Dieneri to the brachio
pod-bearing zone of Rhynchonella decurtata and to the binodosus bed, 
the upper division with Ceratites Thuillieri and Ptychites rugifer to the 
cephalopod-bearing horizon of Ceratites trinodosus. 

But as far as palreontological evidence goes, the correctness of this 
correlation, which is based on stratigraphical grounds, can only be proved 
for the upper division. In this division both the association of genera 
and the affinity or even identity of species indicate very close faunistic 
relations with the zone of Ceratites trinodosus. 

Four species of Brachiopoda are identical, all of them representing 
very common and widespread types of the Alpine Muschelkalk, 
namely:-

Mentzelia Mentzelii Dunk. 
Spiriferina Koeveskalliensis Suess. 
Coenothyris vulgaris Schloth. 
Rhynchonella trinodosi Bittn. 

It must, however, be remarked, that the exact layer of the last
mentioned species, which was collected from Kalapani in Byans by F. H. 
Smith, is not known exactly . 

. Among the class of Cephalopoda the following species are either 
dl.l'ectly or most probably identical with Alpine forms :-

Orthoceras campanile Mojs. 
Germanonautilus cf. salinarius Mojs. 
Ceratites trinodosus Mojs. 

1 See footnote top. 59.-En. 
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Japonites cf. Dieneri Mart. 
Acrochordiceras cf. Carolinw Mojs. 
Sturia Sansovinii Mojs. 
Gymnites incultus Beyr. 

,, cf. Humboldti Mojs. 
Anagymnites cf. acutus Hauer. 
Ptychites Everesti Opp.1 

Proarcestes Balfouri Opp. (-Escheri Mojs). 
Joannites cf. proavus Dien. 
Monophyllites sphwrophyllus Hau. 
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The close affinity of a considerable number of other species is 
scarcely less remarkable. The genus Ptychites, which plays a very im
portant part both in the Upper Muschelkalk of the Alps and of the 
Himalayas, especially in number of individuals, is represented in both 
regions by many 'vicarious' types. The Himalayan species of Pleuro
nautilus are all nearly allied to others from the Reiflingerkalk of the 
North-eastern Alps. Among the Ceratites three species, Ceratites 
Thuillieri Opp., C. himalayanus Blfd., C. sp. ind. aff. Abichi Mojs. 
exhibit ciose relations to congeneric forms of the nodosi group. The 
subgenera Halilucites, especially characteristic of the Bosnian Muschel
kitlk, and Cuccoceras are also represented in India, each by a single 
form nearly allied to European ones. 

On the other hand there remains a sufficient number of peculiar 
faunistic elements, which impart to the Indian Triassic province the 
character of a zoo-geographical region of its own. 

The most important of those elements peculiar to the Muschelkalk 
fauna of the Indian Trias are several subgenera of Ceratites, which 
predominate in the Upper Muschelkalk of the Himalayas. The section 
of Ceratites circumplicati (Hollandites), which is very poorly developed in 
the Mediterranean region, is the most remarkable group of Indian cera
tites, being represented there by fifteen species. Those species of Hollan
dites show but very remote affinities with the Alpine representatives of 
this subgenus. Three species of Ceratites differ from all European types 

1 In the fauna of the Schiechlinghrehe near Hallstatt this species is represented 
by a form very closely al!ied or perhaps even identical with it, although its frag
mentary state of preservation did not allow any definite judgment. Vide C. Diener, 
Die Cephalopodenfauna der Schiechlinghcehe, Beitrrege zur Palreont. und Geo., 
0e8terr. Ungarns. etc., XIII, p. 32. 
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so widely, that they have to be considered as prototypes of isolated 
subgenera. They are : Peripkurocyclus Smithianus Dien., Salterites 
Oberhummeri Dien., Hayilenites Hatschekii Dien. Two more new sub
genera with ceratitic sutures, peculiar to the Indian Trias, are Pseudo
danubites Hyatt. and Bukowskiites Dien. 

In the genus Beyrichites we meet two isolated forms-B. Gangadham 
Dien. and B. Rudra Dien. The same remark applies to the group of 
Ptychites Malletianus Stol. and Ptychites Gerardi Blfd., both representing 
types, which differ completely from the Ptychites of the Mediterranean 
region. Nor does Buddhaites Rama Dien. bear any closer relation to 
any of the Alpine species of Gymnites, Pinacoceras or Carnifes 
although it unites characters of those three genera. 

The most aberrant type in this fauna is perhaps Smitlwceras Dumn
dii Dien., the primitive ancestor of Upper Triassic Juvavitince. 

The Lamellibranchiata of the Himalayan Upper Muschelkalk are 

known to us very superficially only, but some species, as Posidonomya 
cf. bosniaca Bittn., are probably nearly allied to Alpine forms. A 
similar remark applies to the Gastropoda, which have been studied by 
Blaschke. Species of Pkurotomaria and Worthenia largely predominate, 
whereas species of Naticopsidce, Neritidce and all types with Palreozoic 
affinities, such as Bellerophon, Capulus, Euomphalus, are entirely 
absent. 

In the zone of Spiriferina Stracheyi the affinities of the Indian and 
Alpine faunre are much more remote. The species of Brachiopod1J are 
all isolated types, which differ considerably from all Alpine congeneric 
forms, as has been stated by Bittner. Among the cephalopods Staclteites 
and Dalmatites are in Europe hitherto known only from the Campil beds 
of the Lower Trias. Four species of Monophyllites, which belong to the 
sections of M. sphcerophyllus and M. Suessii (Mojsvarites), are distin
guished from the congeneric forms of the Alpine Upper Muschelkalk bv 
their simpler sutures, but one of them, Monophyllites (Mojsvarite;) 
Confucii Dien., is so closely allied to M. Suessii, that Frech proposes to 
unite it with that species as a variety.1 A second species, Monophyll
ites Hara Dien., has been discovered among Nopcsa's collections from 

1 F. Frech, Neue Cephalopoden aus dem suedlichen Bakony, PalceorJol,ogischer 
Anhang zu Resultate der Wissenschaftl. Erforschg. des Balatonsees, Bd. I, 
Erster Tei!., p. 17. · 
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the Lower Trias of Keira in Albania by G. v. Arthaber.1 Two species 
of Orthoceras-0. cf. campanile Mojs. and 0. cf. multikibiatum Hauer
are probably identical with Alpine forms. A very interesting type is 
Gymnit,es rlepauperatus Dien., the most primitive species of that genus, 
any trace of ramification being absent in its sutural line, which is 
provided with saddles entirely dolichophyllic. 

The most characteristic group of ammonites in the zone of Spirifer
ina Stracheyi is the Indian section of J{eyserlingites (Durgaites) which, 
notwithstanding a remarkable convergence in external features, is not 
identical with the Siberian types of Keyserlingites (Cerat1:tes subro· 
busti), their mode of development showing considerable differences. 
Since the Indian types of Keyserlingites cannot be allied phylogenetic
ally to the Siberian ones, they must be considered as a faunistic ele
ment peculiar to the Himalayan Muschelkalk. 

In America the fauna of the Muschelkalk in the West Humboldt 
range of Nevada, as studied by J. P. Smith,2 shows such a distinctly 
Mediterranean character, " that a palreontologist from Austria might 
be set down in the Humboldt desert and he could hardly tell from the 
character of the fauna, whether he was collecting in Bosnia or in 
Nevada." 

Although the predominance of Alpine elements shows that the rela
tionship is much closer with the Mediterranean than with the Hima
layan Muschelkalk fauna, there is sufficient evidence for a direct connec· 
tion of the American Triassic province with the Indian regions during 
this epoch. 

The subgenus HoUandites, which is of Indian origin, is represented in 
Nevada by two species nearly allied with Himalayan ones, H. afj. Voiti 
Opp. and H. aff. Hidimba Dien. The subgenus Gymnotoceras Hyatt 
(group of Ceratites geminati), which occurs abundantly in Nevada, is 
also represented in the Olenek beds of Siberia and in the Indian 
Muschelkalk, but not in the Alpine region. It seems therefore prob· 
able that at the Muschelkalk epoch the American Triassic province was 
connected on one side with the Mediterranean and on the other side 

1 Ueber die Entdeckung der Untertrias in Albanien, etc. MiUeil. Geol. Ges. 
Wien., I, p. 286, Taf. XII, fig. 4. 

2 J. p, Smith, The stratigraphy of the Western American Triru:, Ad. v. Kamen 
Testschrift, Schweizerbart, Stuttgart, 1907, P· 401. 
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with the Indian region, that the Central Mediterranean sea or " Tethys" 
formed an uninterrupted belt around the globe to the North of the 
Tropic of Cancer. 

The faunistic affinities both with the boreal region of Siberia and 
with the Japanese province are more remote. The relationship of the 
American and Japanese faunre has been exaggerated by E. v. Mojsiso
vics.1 As has been demonstrated by J. P. Smith, there is almost no 
kinship whatever between the rich fauna of the Muschelkalk of Nevada 
and the poor faume from the Middle Trias of Japan. But the Indian 
fauna of this epoch is almost equally unlike that of Japan. Ceratites 
(Danubites) Kansa Dien. is perhaps the only species which has a remark
able resemblance with a Japanese form, viz., Ceratites (Danubites) Nau

manni Mojs. The Indian species of J aponites are le~s closely allied to J. 
planiplicatus Mojs. from Okatsuhama than to the European types of this 
genus recently discovered in the Trias of Montenegro. It is therefore not 
likely that the connection between the American and Indian Triassic 
provinces was established by way of Japan during the Muschelkalk 
epoch. Their faunre are related to each other more closely than eithe :· 
of them is to the fauna of Japan. 

In the Siberian region deposit~ of Muschelkalk age are known to us 
from two localities only, from the Magyl rocks on the lower Yana, and 
from the Russian Island near Vladivostok (Ussuri district). 

In the small fauna of the Magyl rocks discovered by Baron E. v. Toll, 
there is one species, Beyrichites affini,-1 Mojs., which occurs also in the 
upper Muschelkalk of the Shalshal cliff. An affinity with the faunula 
from the Russian Island is indicated by the presence of a species of 
Ptychites rugiferi. There is also a close relationship between the Indian 
representatives of this group and the congeneric forms from Spitz ber
gen, but it is not closer than with the Mediterranean types. 

Otherwise a comparison between the faunre of the Himalayan 
Muschelkalk and of the Olenek beds of North-eastern Siberia offers but 
little support on behalf of a near kinship between the Indian and 
boreal regions. In this respect only the presence of Gymnotoceras 
(group of Ceratites gcminati) in both regions might be mentioned, and 
the strange group of Ceratites (Philippites) Jolinkanus Dien. in Byans, 

1 E. v. l\fojsisovics: Ueber einige Japanische Triasfossilien. Beitrcege zur 
Palreont. Oesterr. Ungarns, etc., VII, 1888, p. 163. 
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which in its external sculpture recalls the Arctic section of Dinarites 
spiniplicati (Olenekites), whereas in its sutures it agrees with Keyserlin
gites Midrlenclor;ffi Keys. The affinity of the Arctic group of Oeratites 
polaris to the Indian subgenus Hollandites is extremely doubtful. 

During the ladinic stage a close kinship still persists between the 
marine faume of the Himilayan and Mediterranean provinces. The 
Daonella shales of Spiti, which must be taken as prototype of this stage 
in India, have a considerable number of species in common with the 
W engen beds of Tyrol. Those species are :-

Protrachyceras Archelaus Lbe. 
,, longobardicum Mojs. 
,, ladinum Mojs. 
,, cf. rego"ledanum Mojs. 

Anolcites cf. Laczkoi Dien. 
Hungarites Pradoi D' Arch. 
J oannites cf. Tridentinus Mojs. 
Daonella Lommeli Wissm. 

Out of thirty species of the fauna of the Daonella shales only four 
belong to faunistic elements which are peculiar to the Indian zoo-geogra
phical region. One of them i; Ptychites Gerardi Blfd., which together 
with Joannites cf. proavus Dien. ranges from the Upper Muschelkalk into 
the ladinic stage. The second, Thanamites bicuspidatus Dien., belongs 
to a genus which recalls some Palreozoic ammonites in its very simple 
sutures, among which the narrow and bifid lateral lobe is especially con
spicuous. It is a dwarf genus, which probably originated from some 
more specialised type by regressive evolution. Two more species are 
representatives of the genus Rimkinites, which is not known hitherto to 
occur in any extra-Indian territory. 

This proportion of Mediterranean and exclusively Indian elements in 
the ladinic fauna of Spiti is not altered, if the fauna of the passage beds 
connecting the Ptychites limestone of the Upper Muschelkalk and the 
Daonella shales is included. Leaving aside such species as do not exhi
bit any affinity with Mediterranean forms, the relationship to Wengen 
species prevails so remarkably, that the fauna of the passage beds must 
also be considered as an equivalent of the zone of Protrachyceras Archel

aus (longobardic substage). 
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Neither in the fauna of the Himalayan Muschelkalk nor of the Dao
nella shales and the passage beds connecting both divisions have any 
representatives of the Buchenstein beds of the Eastern Alps been 
noticed. 

In the Mediterranean region the zones of Protrachyceras Curionii and 
Dinarites avisianus (Marmolatakalk) are intercalated between the zones of 
Ceratites trinodosus (Upper Muschelkalk) and of Protra,chyceras Archelaus 
(Wengen beds), but no types of those two zones have been discovered in 
the Himalayan Trias. Two species only-Hungarites sp. friil. aff. 
Mojsisovicsi Boeckh and Protrachyceras Cautleyi Dien.,-from the pas
sage beds in Spiti, show a distant affinity to the Buchenstein fauna. As 
there is certainly no stratigraphical break nor hiatus in the succession 
of Triassic beds in Spiti, equivalents of the Buchenstein beds of Tyrol 
must be included either in the Upper Muschelkalk or in the passage beds 
connecting it with the Daonella shales. The absence of any distinct 
Buchenstein types we may reasonably explain by the suggestion, that no 
independent fauna corresponding to that of the zone of Protrachyceras 
Curionii lived in the Indian Triassic province at the commencement of 
the ladinic epoch, which in the Himalayas was characterised by a 
survival of species from the zone of Ceratites Thuillieri and Ptychites 
rugifer into this stage. 

This explanation has been adopted by J. P. Smith for the min
gling of anisic and ladinic faunre in the horizon of Daonella dubia in 
the West Humboldt range of Nevada, where otherwise typical equi
valents of the ladinic stage are missing altogether. 

As has been stated in the preceding chapter, the Daonella lime
stone, following conformably above the Daonella shales, must-partly 
at least-be included in the ladinic stage. 

Monophyllites cf. Wengensis Klipst. and Daonella Lommeli Wissm. 
point to the Wengen beds, whereas Joannites cf. Klipsteini Mojs. and 
Daonella afj. cassiance Mojs. are more nearly allied to species from the 
beds of St. Cassian (lower carnic stage). The genera Traumatocrinus, 
Phloioceras, Styrites have not as yet been found in Triassic beds older 
than the carnic stage. As fossils occur throughout the entire thickness 
of the Daonella limestone, this assemblage might be explained by their 
having been mixed in collecting from different horizons. In favour of 
such an explanation the fact might be urged, that according to A. v, 
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Krafft's notes, Daonella Lommeli, the most characteristic type of the 
ladinic stage in Europe, does not occur in the upper third of the 
Daonella limestone. 

Thus there appears to be a gradual passage from the ladinic into the 
carnic stage in the Daonella limestone of Spiti. 

III. THE UPPER TRIAS. 

(Carnie, Noric and Rhretic stages.) 

a. General notes on the classificntion of the Upper Tril),8 in Spiti and 

Painkhanda. 

The division of the Upper Trias in the Austrian Alps has been based 
on faunistic, not on lithological characters. Nevertheless the two 
main stages are marked by lithological differences in the majority of 
sections, the carnic st::tge being comparatively poor in limestones, as 
compared with the ladinic and noric stages. This is, at least, the case 
throughout the entire range of the Noerdliche Kalkalpen. 

In the Himalayas there is no doubt about the possibility of distin
guishing two different rock groups in the Upper Trias, a lower one, 
poor in limestones, and an upper one consisting of pure limestones and 
dolomites. In the Himalayas, a natural classification, based on litholo
gical characters, suggests itself at once to the geologist who is sur
prised by the sharp contrast between the dark-coloured slopes, consist
ing of alternating shales, marls, limestones and quartzites, which form 
the pedestal of the high ranges, and the light grey dolomites and lime
stones of the cliffs and jagged peaks towering above them. 

To the lower group, which is comparatively poor in limestones, 
belong the beds between the Daonella limestone and the white quartzite 
series in Spiti and the zone of Halobia comata in Painkhanda. Of the 
upper division the Him1llayan Dachsteinkalk is the prototype in both 

districts. 
It might, perhaps, be more correct to say that the lower division is 

not exactly poor in limestones, but that calcareous sediments are always 
intermixed with marly, clayey and arenaceous ones to such an extent that 
the latter rocks predominate considerably. Pure limestones-nearly 
always of a dark colour-are noticed only as intercalations between 
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shales, sandstones and quartzites. Such limestone horizons are in Spiti : 
the limestone banks within the grey beds, the black, splintery limest~ne 
intercalated between the shaly limestones and shales of the covermg 
series, the very thick mass (about 300 feet and even more) of. the 
limestone with Spiriferina G-riesbachi", the so-called " Coral lime
stone" and the limestone between the two quartzite series. In 
Painkhanda we may mention the limestones containing the faunro of 
Proclydona1ttilus Griesbachi and H alorites procyon, the brachiopod-bear
ing beds with Spirifen:na Griesbachi, and the liver-coloured limestones 
with Sagerites sp. i"nd., which are intercalated between arenaceous 
shales, sandstones and quartzites. 

It is consequently evident that in the Upper Trias of the Central 
Himalayas of Painkhanda and Spiti two natural rock groups can be 
distinguished lithologically, a lower one composed of clayey, arena
ceous and calcareous sediments and an upper one of pure limestones and 
dolomites. But those two natural rock groups do not correspond to 
stratigraphical stages. The boundary between the carnic and noric 
stages is not at all marked lithologically, but runs through a uniform 
series of sediments equally developed, which are comparatively poor 
in pure limestones. The same physical conditions prevailed during the 
carnic and lower noric epochs. Nor does the remarkable change in 
sedimentation, which corresponds to the limits between the Upper 
Triassic quartzites and the dolomites of the Dachsteinkalk coincide 
with the boundary of the two stratigraphical stages. 

The lower group of the Himilayan Upper Trias comprises both the 
carnic and noric stages of the Alpine Trias, whereas the uniform mass 
of grey limestones and dolomites following above, includes not only 
equivalents of the noric and rhretic Dachsteinkalk of the Eastern Alps, 
but even of the Lias and Oolite. 

b. The Carnie stage in Spiti and Painkhanda. 

. It has bee~ ~xplained that in Spiti, according to A. v. Krafft's descrip
t10ns, the la~mc Da_onella shales are overlaid by a homogeneous mass 
of dark splmtery limestone, measuring about 280 feet in thickness. 
In its lower division-A. v. Krafft's "Daonella limestone" ·t t · -1 con ams 
a fauna with ladinic nd carnic affinities. As far as Daonella Lommeli 
W issm. occurs in this rock-group, its ladinic age has bee t · d n ascer ame . 
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The topmost portion of the Daonella limestone is probably of carmc 
age. 

On the top of the Daonella limestone-145 feet above the upper limit 
of the Daonella shales in the section of Lilang - a black limestone 
alternating with shales, 25 feet in thickness, has been observed by 
A. v. Krafft dividing the otherwise homogeneous mass of limestone. 
This is the bed of .Joannites thanamensis Dien. The upper division of the 
mass of dark splintery limestone, following abwe the bed of Joannites 
thanamensi1>, has yielded Halobia cf. comata Bittn., a species typical 
of the julic substage in the Himalayas.1 

Above the "Halobia limestone" grey, earthy shales follow, in which 
grey, shaly limestones of various thickness are intercalated. About 
260 feet above the base of this series af " grey beds " a thin-bedded, 
shaly limestone of 20 feet in thickness has been noticed. 

Fossils have been discovered in two horizons. Almost immediately 
above the Halobia limestone the shales contain a band of black 
concretions, which enclose numerous ammonites. The following species 
have been determined by Diener 2: -

Trachyceras sp. ind. aff. Ariae Mojs. 
,, sp. ind. (group of acanthica). 

Carnites fioridus Wulf. 
,, cf. nodiger Dien. 

Joannites cymbiformis Wulf. 
Monophyllites sp. ind. aff. Simonyi Hauer. 

'f he second fossiliferous horizon occurs about 300 feet above the 
base and about 40 feet above the thin-bedded limestone referred to above, 
Fossils are known from two localities, N. N. W. of Lilang and N. W. of 
Muth. There is only one single species of a.mmonite among them, 
and this is so poorly preserved that an .exact determination is impossible. 
It has been referred to the genus Paratropites Mojs. provisionally by 
Diener (l. c., p. i 49). But the fauna of both localities is rich in brachi0· 
pods and bivalves, which belong to the following species:-

Rhynclwnella laucana Bittn. 

" 
laucana var. lilangensis Bittn. 

1 H. Hayden, Geology of Spiti, I. c., P· 76. 
2 c. Diener, Ladinic, carnic and noric founre of Spiti, Himal. Foss., Pal. Ind., ser. 

XV, Vol. V, Pt. 3, P· 148 •. 
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Rhynchonella cf. semip"lecta Muenst. 

" 
Fre.shfieldi Dien. 

,, himaica Dien. 
,, cf. baJ°uvarica Bittn. 
,, (Austriella) sp. ind. aff. nux Suess. 

Spiriferina gregaria Suess. 
,, aff. shalshalensis Bittn. 

orophila Dien. 
,, rleodarae Dien. 

1Wentzelia Mentzelii Dunk. 
Aspidothyris Kraffti Dien. 
Dielasma J ulicum Dittn. 

,, Hayrleni Dien. 
Cruratula (2) indica Dien. 
Lilangina nobilis Dien. 
Pomarangina Haydeni Dien. 
Lima sp. ind. aff. alternans Bittn. 

The series of shaly limestones, grey earthy shales and calcareous 
shales, with bands of dark, splintery limestones intercalated occasion
ally, continues above this second fossiliferous horizon, until a bed of 
nodular limestone, 15 feet in thickness, is reached, 600 feet above the 
brachiopod bed or 900 feet above the basal horizon of Joannites cymbi
formis. 

This third fossiliferous horizon of carnic age is the " Tropites 
limestone" of Lilang and Tikha. It is rich in Cephalopoda, most 
0£ which, however, are badly preserved. The following forms permit 
of a specific determination :-

Clydonaut,ilus acutilobatus Dien. 
GermanonClutilus cf. Breunneri Hauer. 
Styrionautilus cf. Sauperi Hauer. 
Pleuronautilus sp. ind. afj. Wulfeni Mojs. 
Tropites cf. subbullatus Hau. 

,, discobullatus Mojs. 
,, cf. torquillus Mojs. ~ ; 
,, sp. ind. aff. Paracelsi Mojs. 

Paratropites tikhensis Dien. 
Trachysagenites cf. Herbichi Mojs. 
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Trachysagenites galeatus Dien. 
Discotropites sp. ind. aff. Plinii Mojs. 
Anatomites cf. Bacchus Mojs. 
J ovites spectabilis Dien. 

,, cf. siculus Gemm. 
Sandlingites nov. sp. aff. Reyeri Mojs. 

,, nov. sp. aU. Castellii Mojs. 
Clionites heraclitiformis Dien. 
Proarcestes cf. Gaytani Klipst.I 

89 

'' 

Grey shaly limestones and calcar.eous shale'> continue with the same 
lithological characters for the next 200 feet. Seventy feet above the 
nodular limestone a specimen of Jovites spectabilis Dien. was discovered 
by A. v. Krafft, who consequently includes the entire series following 
above the concretionary limestone with Cephalopoda in his '' Tropites 
beds. " 

The next overlying bed is a dolomitic limestone, whose thickness 
amounts to 300 feet. It has yielded few and badly preserved fossils, 
with carnic affinities, among them :-

Dielasma julicum Bittn. 
Terebratula sp. ind. aff. piriformis Suess. 
Spiriferina sp. ind. aU. shalshalensis Bittn. 
Lima cf. austriaca Bittn. 
Hawbia aff. superba Mojs. 
Daonella aff. styriaca Mojs. 

With this complex of dolomitic limestones the carnic stage comes to 
a close. Its entire thickness in the section of Lilang amounts to at 
least 1,600 feet. 

In Painkhanda the development of the carnic stage is more uni-

form. 
In the Bambanag and Shalshal cliffs the lowest cephalopod horizon 

of this stage was discovered by Diener in the grey "Traumatocrinus 
limestone," which, according to A. v. Krafft, is separated from 
the Ptychites beds of the Upper Muschelkalk by an insignificant 

To this list Griesbachites MedleyanUB Stol. must probably be added. Stolicz· 
ka's type-specimen, which was found loose in the Pin valley near Kuling, is re
ferred to the Tropites beds by A. v. Krafft. A similar remark applies to Para· 
cladiscites indicUB Mojs. from the same locality. 
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development of the ladinic stage. It has, however, been demonstrated 
in the preceding chapter that the ladinic age of those passage beds has 
not yet been established with full certainty. 

The scanty materials collected by the expedition in 1892 were 
described by E. v. Mojsisovics and A. Bittner. The rich fauna, which 
was brought together by A. v. Krafft in 1900, has been examined 
by Diener.1 It consists of the following species, which show at once 
and indubitably the julic age of the Traumatocrinus limestone :-

Proclydonautilus cf. buddhaicus Dien. 
Grypoceras rimkinense Dien. 

,, sp. ind. afj. rimhnensi Dien. 
,, Stirlingii Dien 

Joannites cymbiformis Wulf. 
,, Klipsteini Mojs . 
. , Kossmati Dien. 
,, Mojsvari Dien. 

Proarcestcs cf. ausseanus Hau. 
,, sp. ind. 

Lobites (Ooroceras) cf. delphinocephalus Hau. 
,, ,, valdecucullatus Dien. 

Monophyllites cf. Simonyi Hau. 
,, (Mofsvarites) Agenor Muenst. 

Juvavites (Anatomites) sp. ind. 
Isculites cf. He1"mi Mojs. 
Oeltites contractifrons Dien. 
Oarnites cf. fioridus Wulf. 
Placites cf. polydactylus var. Oldhami Mojs. 
Rimkinites nitiensis Mojs. 

,, Edmondii Dien. 
Arpadites rimkinensi.~ Mojs. 

,, (Dittmarites) cf. circumscissus Mojs. 

,, ,, sp. ind. afj. Ladon Dittm. 
Olionites nov. sp. ind. afj. Dorw Mojs. 
Trachyceras austriacum Mojs. 

,, austriacum var. tibetica Mojs. 
Protrachyceras sp. ind. afj. Arion Mojs. 

1 C. Diener, 'fhe faun~ ~f th;Tr~~m-;;tocrinu~li~e~one et~-;,--~,--- -
Ind., eer. XV, Vol. VI, Pt. 2. ' ., ima · oss., 
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Protrachyceras sp. ind. (group of furcosa). 
Sirenites Cookei Dien. 
Girthiceras pernodosum Dien. 
Daonella indica Bittn. 

,, sp. ind. aff. obliqua Mojs. 
Avicula sp. ind. aff. seisiana Broili. 
Pecten nov. sp. ind. aff. subalternans Bittn. 
Heminajas sp. ind. (cf. Woehrmanni Waag). 
Spirigera hunica Bittn. 
Retzia sp. ind. aff. ladina Bittn. 
Aulacothyris nilangensis Bittn. 
Rhynchonella rimkinensis Bittn. 

,, (Austriella) sp. ind. aff. Middlemissii. 
,, (Norella) Kingi var. tibetica Bittn. 

Traumatocrinus sp. ind. 

91 

Above the Traumatocriirns limestone, whose thickness barely exceeds 
ten feet, follows a thin limestone bed, which has yielded the following 
brachiopods and bivalves :-

N orella K ingi Bittn. 
,, tibetica Bittn. 

Spirigera hunica Bittn. 
A ulacothyris nilangensis Bittn. 
Daonella indica Bittn. 

This is the highest stratigraphical horizon into which Daonella 
indwa Bittn. reaches. 

Before continuing this account of the carnic deposits of Painkhanda, 
it is worth mentioning that a fauna corresponding to that from the bed 
following immediately above the Traumatocrinus limestone was 
discovered by C. L. Griesbach on the summit of a pass leading from 
Hop gidh to Dogkwa aur, N.E. of Tsang chok La in Hundes. From 
this locality the following fossils were determined by Bittner1:-

Aulacothyris nilangensis Bittn. 
Spirigera hunica Bittn. 
Norella tz:betica Bittn. 
Discina sp. ind. 
Daonella indica Bittn. 

1 A. Bittner, Himal. Foss., Vol. III, Pt. 2, PP· 30, 31, 32, 33, 39. 
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These fossils point to a carnic age of the beds from which they were 
derived. The actual section in the Trias of the Hop gadh differs, 
according to Griesbach (Memoirs, Geol. Surv. India, Vol. XX III, 
p. 205), in no way from those of the Niti area. 

Above the limestone bed with Daonella indicrt there follows in the 
sections of the Shalshal and Bamba nag cliffs a mighty series of dark, 
calcareous shales and shaly limestones, amounting to between 650 and 
800 feet in thickness. Cephalopods and bivalves occur throughout this 
series, but especially in the lower beds. Most of the fossils were 
collected near Lauka encamping ground on the way from the Uttar
dhura to the Girthi valley by Diener. The complex was originally 
designated "Daonella beds" by Griesbach, but the name " Beds with 
Halobia comata" appears to be more appropriate, since Daonclla is 
replaced in those beds by Halobim of the rugosa-group. 

The following species of Brachiopodct and Lamellibrancltiata were 
described by A. Bittner (I. c., p. 72) :

Spiriferina shalshalensis Bittn. 
Retzia Scliwageri var. asiatica Bittn. 
Rhynchonella laucana Bittn. 
Halobia comata Bittn. 

,, fascigera Bittn. 
Avicula girthiana Bittn. 
Cassianella pl. sp. ind. 

The following species of Cephalopoda were quoted by E. v. l\fojsisovics 
(l. c., p. ~129) :-

Pleuronautilus tibeticus Mojs. 
Jovites sp. ind. ex. aff. daci Mojs. 
Discotropites sp. ind. afj. Plinii Mojs. 
Juvavites cf. tonkinensis Dien.1 
Anatomites bambanagensis Mojs. 

,, Eugenii Moja. 
,, Caroli Mojs. 

Griesbachites Hanni Mojs. 
Hypocladiscites subaratus Mojs. 
Placites sp. ind. ex. aff. peraucto Mojs. 

____________ " p~~y~tyl,_~}l_ar. Oldhami Mojs. 
1 C. Diener, Note sur deux especes d' A~monites Triasiq;~s-d~ T k" B ll 

Boe. Geol. de France, 3, ser. XXIV, p. 882. on m, u · 
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MoJ°svarites eugyrus Mojs. 
Discopltyllites Ebneri Mojs. 

Frn. 5. Slopes of the Shalslwl rliff abore Ri:mkin Paiar E. G. 

10. Megalodon limestone. 
9. Quartzite series. 
8. Dolomitic limestone with Spiriferina Griesbachi:. 
7. Halorites limestone. 
6. Limestone with Proclydonautilus Griesbachi. 
5. Shaly limestones and shales wit.h Halobia comata. 
4. Muschelkalk. 
3. Lower Trias and Productus shales. 
2. White Quartzite. 
I. Silurian. 
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,, 

To these species must be added a considerable number of forms, 
belonging to the genera Juvavil,es, Sagenites, Styrites, Tibetites, 

( 294 



94 DIENER: TRIAS OF THE HIMALAYAS. 

Paracladiscites, Megaphyllites, Proarcestes, Olydonautilus, which could not 
be determined specifically. 

The beds with Halobia comata are overlaid by the nodular limestone 
with Proclydonautilus Griesbachi Mojs., which contains a fauna of 
indubitably noric age. 

The entire thickness of the carnic stage in Painkhanda barely exceeds 
800 feet, that is to say only half of the thickness of this stage in Spiti. 
Nor can an equal number of stratigraphical horizons be distinguished 
in the carnic series of the two districts. 

c. The Noric and Rhcetic stages in Spiti and Painklianda. 

In the section of Lilang a series of brown-weathering limestones 
alternating with shales and sandstones, follows conformably above the 
dolomitic limestone with Lima cf. austriaca Bittn. and Dielasma iulicum 
Bittn. Its thickness amounts to 500 feet. 

In the upper division of this series Cephalopoda are common, especi
ally ammonites of the genus Juvavites Mojs. The name" Juvavites 
beds" proposed by A. v. Krafft is indeed very appropriate for this rock 
group. 

Juvavites angulatus Dien. is the chief leading fossil. It is a 
representative of the section of continui, but does not show a close affi
nity to any European or American species 0£ this genus. The fauna of 
the Juvavites beds consists of the following forms:-

Atractites sp. ind. cf. alveolari·s Quenst. 
Paranautilus arcestiformis Dien. 
Pleuronautilus sp. ind. afj-. Kossmati Dien. 

,, cf. ibeticus Mojs. 
lndonautilus cf. Krafj-ti Mojs. 
Dittmarites lilliiformis Dien. 

,, cf. trailliformis Dien. 
Olionites sp. ind. cf. Hughesii Mojs. 
Metacarnites Footei Dien. 

,, Hendersoni Dien. 
Pinacoceras sp. ind. ex. aff. parma Moji;i. 
Tibetites cf. Ryalli Mojs. 
Anatibetites Kelvim'formis Dien. 
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Paratibetites Tornquisti Mojs. 
,, sp. ind. aff. Wheeleri Dien. 

Juvavites angulatus Dien. 
,, sp. ind. aff. Ehrlichii Hau. 

Anatom1:tes sp. ind. aff. Melchioris Mojs. 
,, sp. ind. aff. Caroli Mojs. 
,, sp. ind. aff. Alphonsi Mojs. 

Dielasma aff. J°ulico Bittn. 
Halobia sp. ind. aff. fascigerce Bittn. 
Pecton (Amusium) margarita costatus Dien. 
Pecten sp. ind. aff. monilifero Muenst. 
Lima cf. serraticosta Bittn. 
Homomya sp. ind. aff. lariance Stopp. 
Mytilus sp. ind. aff. rugoso Roem. 
Mysidioptera sp. ind. 

9a 

The Juvavites shales become calcareous in the upper portions and 
pass into concretionary limestones, which resemble gradually the con
cretionary limestone of the Muschelkalk in their lithological characters. 
~ear the top of the series some beds of calcareous sandstones with 
plant remains have been noticed by A. v. Krafft. 

The calcareous sandstones with plant remains form the base of th<i 
next rock-group, A. v. Krafft's "Coral limestone." It is a mass of grey 
limestone, about 100 feet in thickness. In the section of Lilang it is 
a true organogenic limestone in which remains of crinoids and corals 
abound. But in the section of Kaga corals occur rather rarely, and 
none at all have been found W. of Chabrang. Otherwise the coral 
limestone is very poor in well-preserved fossils. Only two species of 
brachiopods are known from it, namely :-

Spiriferina Griesbachi Bittn. 
Rhynchonella bambanagensi's Bittn. 

The coral limestone is overlain by fl.aggy sandstones alternating with 
black, splintery shaly limestones and sandy shales. The thickness of 
this series, which lithologically recalls the Juvavites beds, is about 30 

feet, 
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Frn. (i.-Generalized section near Lilang (from A. v. Krafft' s diary). 

14. Megalodon limestone. 

13. Quartzite series. 

12. Monotis beds. 

11. Coral limestone. 

IO. Juvavites shales. 

9. Dolomitic limestone with Lima cf. austriaca. 

8. Tropites shales. 

7. Grey beds. 

6. Halobia limestone. 

5. Daonella limestone. 

4. Daonella shales. 

3. MuscheJkalk. 

2. Lower TriaB. 

1. Productus shale;. 
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a. Horizon of Joannites thanarnensis. 

b. ,, Joannites cymhiformis. 

c. Brachiopod layer of the Grey Beds. 

d. Main layer of Tropites subbullatus. 

e. ,, ,, ltf onotis sa linarin .. 
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A. v. Krafft describes a sequence, which he observed near Lilang, as 
follows:-

6. Yellow-weathering, shaly limestones and shales with Spiriferina 
Griesbachi Bittn. 

ii. Brown sandstones, alternating with grey sandy shales, rich in 
Lamellibranchwta (chiefly Monotis salinaria Schloth). 

4. Black, splintery limestone. 
3. Brown, flaggy sandstones, with partings of sandy shales. 
2. Grey, hard limestone, with calcite veins. 
I. Brown, flaggy sandstones. 

It is chiefly the group No. 5, which has yielded a considerable number 
of fossils, among them 1'r1onotis salinaria Schloth. 

Together with this characteristic bivalve, the following species of 
Brachiopoda, Lamellibranchiata, and Cephalopoda were collected in the 
"Monotis beds" by A. v. Krafft:-

Spiriferina Griesbachi Bittn. 
Spirigera Dieneri Bittn. 
Aulacothyris joharensis Bittn. 
Rhynchonella bambanagensis Bittn. 
Anodontophora Griesbachi Bittn. 
Pecten margariticostatus Dien. 

sp. ind. aff. Massolonqi Stepp. 
,, sp. ind. aff. monilifero Muenst. 

Lima cf. serratwosta Bittn. 
Pleuromya himawa Dien. 
Trachypleuraspidites nov. sp. ind. aff. Griffithi Dien. 

Immediately above the Monotis beds a series of white and brown 
quartzites occurs, which has a thickness of about 300 feet. This chamc
teristic " Quartzite series " forms a most conspicuous horizon throughom; 
Spiti and in the scenery is often distinguishable at great distances by 

the whiteness of the quartzite bands. 
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·······-··· 10 

Fm. 1.-Section between Mani and Pin oolley (from A. i:. KmUt's diary). 

IO. White quartzite. 
9. Shales. 
8. Limestone with big markings. 
7. Quartzite. 
6. DolC1mitic band with bivalves. 
5. Sandy dolomites with Rhynchonella maniensis. 
4. Brown quartzite. 
3. Megalodon limestone. 
2. Limestones with shaly partings, containing Spiriferina Griesbachi. 
1. Monotis shales. 

As a rule three different layers of quartzite can be distinguished. 
separated from each other in the lower part of the series by limestones, 
but towards the top by black, shaly beds. The system varies some
what, but it will suffice to mention the sequence, as observed near 
Lilang by A. v. Krafft, which is as follows (in descending order) :-

6. Great thickness of black and grey dolomitic limestones. 
5. Thick brown quartzite. 
4. Black, sandy shales, with Aulacothyris joharensis Bittn .. 

alternating with thin, brown quartzite layers: 100 feet. 
3. Thin band of white quartzite. 
2. Dark grey hard limestone with Spiriferina Grie~bachi Bitt1J. 

and Lima serraticosta Bittn. : about 200 feet. 
1. Brown quartzite : about 20 feet. 

:Faunistically the quartzite series is distinguished by the presence 
of Spiri.gera maniensis Krafft, which is restricted to this stratigraphical 
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horizon. Most of the species are common to this series and to the 
lower Monotis beds. 

The fauna of the quartzite series consists of the following forms :-

Spiriferina Griesbachi Bittn. 
Spirigera maniensis Krafft. 

,, (?) maniensiformis Dien. 
A ulacothyris J°oharensis Bittn. 
Rhynchonella bambanagensis Bittn. 
Pecten sp. ind. aff. monilifero Muenst. 
Lima cf. serraticosta Bittn. 

,, sp. ind. aff. cumaunica Bittn. 

The lower series of the Upper Trias, which is comparatively poor in 
pure limestones, is overlaid in all sections conformably and regularly by 
a great thickness of grey limestones and dolomites, which in their 
lithological characters recall most strongly the Alpine Dachstein
kalk Part of this enormous limestone mass, which underlies the 
.Jurassic Spiti shales, represents indeed the European Dachsteinkalk 
while another part belongs to geologically younger beds (Lias and 
Oolite). 

This Upper Triassic group of well-bedded limestones and dolomites, 
which C. L. Griesbach included almost entirely in his " rhretic 
system," is well defined towards its base by the quartzite series, but its 
upper boundary is quite uncertain. The entire thickness of the lime
stone mass is about 2,300 feet, of which at least 800 feet belong to the 
Upper Trias. 

Lithologically this mass of limestones and dolomites is too uniform 
and faunistically it is too poor in fossils to be subdivided in any greater 
detail. 

Near Hansi a band of limestone, about 20 feet thick, which occur_ 
50 feet above the quartzite series, contains immense numbers of Mega· 

lodon ladakhensis Bittn. and Dicerocardium himalnyanese Stol. 1 This is 
the horizon of Stoliczka's" Para limestone,"2 blocks of which are very 
common throughout the upper Para valley, according to Hayden. 

I H. Hayden, Geology of Spiti, I.e., P· 84. 
2 F. Stoliczka, Mem., Geol. Suri·. of India, Vol. V, p. 124. 
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Between 200 and 300 feet above the base of the system the following 
species were found by A. v. Krafft:-

Spirigera Noetlingi Bittn. 
Spiriferina cf. Haueri Suess. 
Lima cumaunica Bittn. 
Pecten chabrangensis Dien. 

,, sp. ind. aff. Landrano Bittn. 
Entolium cf. subdemissum Muenst. 
Megalodon ladakhensis Bittn. 

FIG. 8.-Section between Kibber and Ki (from A. v. Kra"fjt'8 diary), 

7. Megalodon limestone. 
6. Juvavites shales. 
5. Dolomites with Lima cf. austriaca. 
4. Tropites shales. 
3. Grey Beds. 
2. Daonella and Halobia limestone. 
1. Daonella shales. 

It is evident from this faunula that, notwithstanding the scarcity of 
fossils, the beds including it are still equivalent to the Upper Trias. 

About 400 feet above the base of the system a white, dolomitic band, 
30 feet in thickness, was observed in several sections by A. v. Krafft, 
but has not yielded any fossils. Beds with rhretic types are entirely 
absent. 
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That the upper portion of the limestone mass is of Middle Jurassic 
age, may be inferred from the occurrence of Stepharwceras cf. coronatum 
Brug. in a lime~tone band, situated about 370 feet below the base of the 
Spiti shales near Giumal. 

About 1,000 feet below the layer in which Stephanoceras cf. corona
fum was found by A. v. Krafft, specimens of Spiriferina cf. obtusa Opp. 
have been collected between Giumal and Chabrang. This species may 
probably indicate a liassic age for the bed in which it occurs. We may 
therefore assume that approximately 500 feet of the limestone mass 
capped by the Spiti shales belongs to the Jurassic and 800 feet to the 
Triassic system. The middle portion of the limestone series must be of 
liassic age. To define the various horizons accurately within this homo
geneous mass, is entirely impossible, owing to the scarcity of determi
nable fossils. 

What has been said about the Upper Triassic limestone or Dachstein
kalk of Spiti, applies equally to Painkhanda and Johar, the boundary 
between the Triassic and Jurassic systems being not known exactly. 

In the sections examined by Diener1 the homogeneous mass of grey 
limestones and dolomites is capped by beds which are certainly 
younger than Triassic. 

Two sections have been described by Diener. One of them, which 
follows the ravine cutting through the rim of the Shalshal cliff near 
Shalshal encamping ground, runs as follows :-

7. Lower Spiti shales, with Belemnites Gerardi Opp. 
6. Sulcacutus beds, Kellaway : 6 feet. 
5. Yellow-grey, earthy limestones and marls, with Rhynchonella 

sp. ind.: 4 feet. 
4. Thin-bedded yellow-grey limestones with Belemnites sp., 

Ostraea sp., Pecten sp. : 20 feet. 
3. Lithodendron limestone, with crinoid stems : 100 feet. 
2. Thin-bedded limestones, with many bivalves of liassic 

affinities. 
I. Well-bedded limestones, lithologically identical with the 

Upper Triassic limestones, following above the quartzite 

series. 

I C. Diener, Ergebnisse, etc., I. c., PP· 583, 584. 
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Fro. 9.-Section between the edge of the Slwlsluil cliff and the u'{ltershed along the 
route from Shalslwl E.G. to Chuta Hoti. 

7. :::lpiti shales. 
7a. :Main layer of Belnemnites Gerardi. 
6. :::lulcacutus beds. 
5. Yellow-grey, earthy limestones and marls with Rhynchonella s1i. 
4. Yellow-grey, thin-bedded limestone with bivalves. 
3. Lithodendron limestone. 
2. Thin-bedded bivalve limestone. 
I. Well-bedded limestone lithologically identical with the Upper Triassic 

:Megalodon limestone. 

The second section between Chidamu E.G. and Kiangur E. G_ is dis
tinguished from the preceding one only by the absence of the Lithoden
dron limestone No. 3. The fossils collected from the bivalve limestone 
No. 2 are of a rather indifferent habit, but rhretic types are certainly 
absent, as has been stated by Bittner, our late authority on Alpine 
Triassic lamellibranchs. 

Thus the beds capping the limestone No. 1 are certainly 
younger than Triassic, but whether they should be included in the 
Lias or Oolite, could not be decided. 

Below the bivalve limestone No. 2 there still remains a limestone 
mass of approximately 1,800 to 2,000 feet in thickness, the lower portion 
of which certainly belongs to the Upper Trias. But from what we know 
of Spiti, it is hardly possible that the entire mass is of Triassic age. 
In Griesbach's section of the Shalshal cliff,1 Be"lemnites sp. is mentioned 
from bed 28, that is 189 feet below the base of the Spiti shales. This 
discovery cannot be overlooked, although the specimen has been ap
parently lost. 

1 C. L. Griesbach, Mem., Geol. Surv. of India, I. c., p. 139 (Geology of the Central 
Himalayas). 
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It is true that sections of Megalod-On have been noticed occasionally 
even in the topmost beds of the limestone No. l, but the mere occur
rence of a specifically indeterminable Megalod-On is, of course, no proof 
of a Triassic age, for in Southern Tyrol this genus ranges up from Trias
sic into liassic strata. 

The development of the noric stage below the homogeneous mass of 
Upper Triassic limestones is nearly identical in Spiti and Painkhanda. 

At the base of the Dachsteinkalk, if we are permitted to make use 
of this term, a series of white and brown quartzites, alternating with 
concretionary limestones and shales, can be observed in the sections of 
the Bambanag and Shalshal cliffs. Its thickness amounts to 250 feet. 

Diener, it is true, ha~ already mentioned beds of quartzitic sandstone 
as occurring at the base of the Dachsteinkalk, but A. v. Krafft was the 
first to recognise the stratigraphical importance of this horizon. The 
<levelopment of this quartzite series is very similar to that in Spiti. 
:\foreover, the characteristic leading fossil, Spirigera maniensis, was 
also found by him in the Bambanag section, besides a few other forms, 
known from lower and higher beds, namely :-

A u7.acothyris joharens~ Bittn. 
Spiri,gera cf. N oetlingi Bittn. 

" 
Dieneri Bittn. 

Pecten interruptus Bittn. 

Fm. 10.-Section through the slopes of the Bambanag cliff. 

11. l\Iegaloclon limestone. 
10. Quartzite series. 
9. Limestone with Spiriferina Griesbacln. 
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8. Halorites beds. 
7. Limestone with Proclyrionautil'U8 Griesbachi. 
6. Shales with Halobia comata. 
5. Muschelkalk. 
4. Lower Trias. 
3. Productus shales. 
2. White Quartzite. 
1. Silurian. 

The quartzite series is underlain by liver-coloured limestones 
recalling the beds of t'ie Torer Sattel in the section of Raibl (Carinthia) 
in their lithological character. They have yielded only one fragmentary 
specimen of an ammonite, Sagenites sp. ind., from which the group 
was named " Sagenites beds." Seeing that this fragment of Sayenites 
is not determinable specifically, it is perhaps advi!>able to discard that 
name. As Anodontophora Griesbachi Bittn. (Griesbach's Corbis cf. mel
lingi) is particularly common in this horizon, it might be termed from 
this leading fossil " Beds with Anodontophora GriesbllChi." 

The thickness of this group has been estimated at 130 feet by Diener, 
and 160 feet by A. v. Krafft in the Bambanag section. 

Below the liver-coloured limestone with Anodontophora GriesbllChi 
there follows a mass of compact limestones, which are often dolomitic 
or micaceous and about 320 feet in thickness. 

They are rich in brachiopods and bivalves, which were described 
by A. Bittner {I.e., p. 72). From their leading fossil they have been 
termed " Beds with Spiriferina Griesb11Chi." Their fauna consists 
of the following forms :-

Spiriferina Griesbachi Bittn. 
Retzia Schwageri Bittn. 
Spirigera Dieneri Bittn. 
Amphiclina sp. ind. 
Rhynchonella bambana<Jensis Bittn. 

,, rnartoliana :Rittn. 
Aullleothyris joharensis Bittn. 
Lima cumaunica Bittn. 
Pecten biformatus Bittn. 

,, interruptus Bittn. 
Anudunwphora Griesbachi Bittn. 
Cassianella pulchella Rittn. 
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The brachiopod-bearing limestones with Spiriferina Griesbachi 
gradually pass at their ba~e into black calcareous shales, with dark 
limestone bands intercalated between them. One of those limestone 
bands, situated about 180 feet below the lower limit of the beds with 
Spiriferina Griesbachi, contains the richest fauna. of noric age, which has 
as yet been discovered in the Himilayas. Thifl is Diener's "Halorites 
limestone " of the Bambanag ~ection. 

The fossiliferous horizon of the Halorites beds was traced by Diener, 
Griesbach and Middlemiss from Lauka encamping ground and the Jandi 
pass in Johar to the Shalshal cliff in Painkhanda, but nowhere was there 
found a section which, for abundance of Oephalopodci could be com
pared with that of the Bambanag cliff. The rich fauna collected by the 
expedition in 1892 was described by E. v. Mojsisovics.1 Very extensive 
collections obtained by A. v. Krafft in 1900 were examined by C. 

Diener.2 

The following Cephalopoda have been determined specifically by 
those two authors :-

Halorites Sapphonis i\fojs. 
procyon Mojs. 
Charaxi Mojs. 
Plwonis Mojs. 
Alcaci Mojs. 
Trotteri Dien. 

" 
" 
" 
" 
" ,, alternans Dien. 

Anatomites sp. ind. ex. afi. scissi 
Parajuvavites Blanfordi Mojs. 

,, l,aukanus Mojs. 
,, Sternbergi Mojs. 

,, 

" ,, 

" 
" 

Feistmanteli Griesb. 
J acquini Mojs. 
Tyndalli Mojs. 
Renardi Mojs. 
Ludolfi Mojs. 

Mojs. 

l E. v. Mojsisovics, Himalayan Foss., Palmont. Ind., ser. XV, Vol. III, Pt. 1, 

P· 132. 
2 c. Diener, Note on some fossils from the Halorit.es limestone of the Bamba-

ne.g cliff, Records, Geol. Surv. of India, Vol. XXXIV, 1906, P· 1. 
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Parafuvavites minor Mojs. 
,, Brintoni Mojs. 
,, buddhaicus Mojs. 
,, Stoliczkai Mojs. 

Thetidites Guidonis Mojs. 
H uxleyi Mojs. 

Griesbachites fandianus Mojs. 
Martolites Krafjti Dien. 
Tibetites Ryalli Mojs. 

Murchisoni Mojs. 
Perrin-Smithii Mojs. 

Anatibetites Kelvini Mojs. 
Paratibetites Bertrandi Mojs. 

,, Geikiei Mojs. 
,, Adolfi Mojs. 
,, angustisellatus ~Iojs. 

Tornquisti Mojs. 
H elict1:tes Atalanta Mojs. 
Dittmarites · Hindei Mojs. 
Dionites cf. Asbolus l\fojs. 
Steinmannites Desiderii Moj,;. 

,, clionitoides Mojs. 
,, N oetlingi Mojs. 
,, undulatostriatus Mojs. 

Lubbockii Mojs. 

Ulion tes Woodwardi Mojs. 

)) 

Salteri Mojs. 
aberrans Mojs. 
spinosi1s Mojs. 

,, Hiighesii Mojs. 
Sfrenites Richteri Mojs. 

,, elegans Mojs. 
,, elegantif ormis Dien. 

Sandlingites 'A' icolai Mojs. 
,, Archibaldi Mojs. 

Arcestes Leonardii Mojs. 
Pinacoceras Metternichii Hauer. 
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Pinacoceras parma Mojs. 
,, ]JOstparrrw Mojs. 

Bambanayites Dieneri Mojs. 
Schlagintweiti Mojs. 

Placi:tes Sakuntala Mojs. 
Paranautilus bambanagensis Mojs. 
Indonautilus Kraijti Mojs.1 

Clydonautilus biangularis Mojs. 

107 

The Halorites limestone is eminently a cephalopod horizon, in which 
ammonites predominate very considerably among the invertebrate 
fauna. The number of species of Brachiopoda and Lamellibranchiata 
which have been described by Bittner (l.c., p. 72), is very small. He 
mentions the following forms:-

Rhynchonella bambanagensis Bittn. 
Halobia aij. comata Bittn. 
Lima serraticosta Bittn. 
Anodontophora Griesbachi Bittn. 

The lowest noric horizon in Painkhanda is a complex of nodula.r and 
slaty limestones, from 70 to 100 feet in thickness, which succeeds the 
beds with H alobia comata in the Bambanag section and is overlain imme
diately by the fossiWerous layer of the Halorites beds. The small fauna 
consists of badly preserved cephalopoda, of which only a single species 
has been found worthy of a specific name. The rest are indetermin
able fragments. 

The following forms have been enumerated by E. v. Mojsisovics :-

Proclydonautilus Griesbachi Mojs. 
Pinacoceras sp. ind. aij. imperator Mojs. 
H auerites sp. ind. ( = M etacarnites Dien). 
Arcestes sp. ind. 
Sagenites sp. ind. 
Juvavites sp. ind. 
Parajuvavites sp. ind. aff. Jacquini Mojs. 

,, sp. ind. 

I E. v. Mojsisovics, Die Cephalopoden der Hallstmtter Kalke, Abhandl. K. K. 
Geol. Reichsanst,, VI-I, Supplem., P· 205. 
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Of brachiopods Rhynchonella bambanaqensis has been mentioned by 

Bittner. 
This group of nodular limestones, which lithologically recalls th.e 

Muschelkalk, was first designated "Hauerites beds " by E. v. MoJ
sisovics, a name which later on was replaced by " Zone of Pro
clydonautilus Griesbachi." The name" Hauerites beds" has become un
tenable, since Diener1 has proved the fragments assigned to Hauerites by 
E. v. Mojsisovics to belong to a new subgenus, allied very nearly to the 
Alpine Oarni:tes fioridus Wulf. 

d. Interregional correlation and lwrnotaxis of the U7Jper Triassic deposits 
of Spiti and Painkhanda 1rith those of Europe and Americrt. 

In Spiti the carnic stage opens with the Halobia limestone, but in its 
meagre fauna Halobia cf. coiwtta Bittn. is the only fossil directly indicati vc 
of a carnic age. Whether it ought to be correlated with the cordevolic or 
julic substage of the Alpine Trias, cannot be decided. There is, indeed, 
no evidence of the cordevolic substage being represente::l faunistically in 
the Himalayas. 

In the "Grey beds," following above the Halobia limestone, the 
lower fossiliferous horizon with J oannites cymbiformis Wulf. is certainly a 
homotaxial equivalent of the zone of Trachyceras aonoides of the julic 
substage in the Alps. Among six species of ammonites three are identi
cal with European forms from this zone, and the rest, which could not 
be determined specifically, equally point in the same direction. 

The brachiopod-bearing horizon of the grey beds, situated 300 feet 
above the basal fossiliferous layer, has yielded several elements pecu
liar to the Indian region, among them the genera Lilangina, Pomaran
gina, Aspidothyris. Among the species of Brnchiopoda with European 
affinities, there are some remarkable types, which point more nearly to 
a Muschelkalk than to an Upper Triassic age. But all of them-especial
ly Mentzelia Mentzelii Dunk.-range as stragglers into the julic sub
stage of the Eastern Alps. There is no palooontological evidence in 
favour of a correlation of this horizon with the upper carnic or tuvalic 
substage. 

1 C. Diener, Himal. Foss., Vol. V, Pt. 3, p. 108. 
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The homotaxial equivalent of the tuvalic substage or zone of Tropites 
subbuUatus is found in the Tropites beds of Spiti. In this cephalopod 
horizon Indian faunistic elements are in a minority. European affinities 
predominate to a large extent. There is not a single genus in the fauna 
of the Tropites beds, which was not known from the carnic stage of the 
Alpine Trias. All elements, which are conspicuous for their fecundity 
and give to this fauna its peculiar aspect, are characteristic of the zone 
of Tropites subbullatus of the Hallstatt limestone. Eight species among 
22 are identical or nearly identical with congeneric forms from the car
nic stage of the Salzkammergut. 

From this fauna noric elements are as completely absent as from 
its homotaxial equivalent, the tuvalic substage of Hallstatt and Aussee. 

In the tuvalic substage the dolomitic limestone with Halobia aff. 

superba Mojs. must be included, the association of Dielasma fulicum 
Bittn., Halobia aff. superba Mojs., Daonella cf. styriaca Mojs., Lima cf. 
austriaca Bittn. being characteristic of a carnic age. 

In Painkhanda two carnic horizons, both rich in Cephaloporla, are 
known to us, both of them pointing to the julic substage. 

The lower horizon is the Traumatocrinus limestone of the Shalshal 
and Bambanag cliffs. Its fauna was assigned to the julic substage 
in 1896 by E. v. Mojsisovics. This correlation was questioned by 
A. v. Krafft, but proved to be correct by Diener's examination of the 
rich fossil materials collected by A. v. Krafft in 1900. 

The European affinities are marked very clearly in this fauna, eleven 
species being common to the Indian and Alpine regions, among them 
the most important and the most frequently occurring. There are 
only two genera, Girthiceras and Rimkim:tes of exclusively Indian habit. 

The Traumatocrinus limestone is overlaid conformably and imme
diately by a limestone bed containing Daonella indica Bittn. This bed 
must, consequently, be of julic age. From this fact it is evident 
that there is no distinct stratigraphical horizon in the Himalayas 
characterised by the presence of Daonella indica, as had been sug
gested by Bittner. This species has, on the contrary, a very wide 
stratigraphical distribution, ranging through the entire ladinic and the 
lower division of the carnic stage. 

The beds with Halobia comata of Painkhanda and Johar-with the 
exception, however, of their uppermost layers-must also be included 
in the julic substage. The cephalopods described by E. v. Mojsisovics 
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exhibit a striking similarity to the fauna of the beds with Lobites 

ellipticus near Aussee. The genera Anatomites, Griesbachites, Hypo

cladiscites and Styrites are represented by species nearly allied in. both 
areas. Among the Lam,e,llibranchiata, Halobice of the group of H. 
rugosa are an important element characteristic of the julic substage. 

Both the Traumatocrinus limestone and the main mass of the beds 
with Halobia comata in the Bambanag and Shalshal cliffs must therefore 
be correlated with the Grey beds of Spiti. 

The fauna of the Tropites beds has not yet been found in 
the sections of Painkhanda examined by Griesbach, Diener and 
A. v. Krafft, but we have strong evidence in favour of this horizon 
being represented there by the uppermost layers of the calcareous 
shales with Halobia comata. Nearly all the ammonites described by 
E. v. Mojsisovics were collected from the lower and middle divisions 
of this rock-group, whereas only one species with European affinities, 
Mojsvarites eugyrus Mojs., is known from the topmost beds, but this 
species has been found in Europe not only in beds of julic age. hut also 
in the zone of Tropites subbullatus. 

It is not probable that no sediment at all was deposited in this 
region of the Him:Hayas during the tuvalic period. I prefer to agree 
with E. v. Mojsisovics in suggesting that the uppermost layers of thr 
beds with Halobia comata underlying the nodular limestone with 
Proclydonautilus Griesbachi, correspond with the Tropites beds and that 
their fauna will be discovered there some day, for cephalopods are not 
rare in this thick mass of shaly beds, but it is very difficult to securr 
them owing to their fragility .1 

Both the Halobia limestone and the dolomitic limestone with 
Lima cf. austriaca and Halobia aff. superba of Spiti are wanting in thr 
more eastern sections. The tuvalic substage, with a thickness of about 
900 feet in Spiti, is reduced to an insignificant band of calcareom; 
shales in Painkhanda. 

Of the two divisions, into which the noric stage of the Himalayas 
falls naturally in Spiti and Painkhanda, the upper one is developed 

I The ammo.nites collected in the be~s with Halobia cornata in 1900 by A. v. 
Krafft belong cluefly to the genera Juvavites, Anatornites and Arcestes but do not 
~d~iti ~f ~pecific dete:m!?ation. The specimen of Griesbachites M edley~nus quoted 
m, Hunalayan Foss1ls, Vol. V, Pt. 3, p. 152, has not been found in A. v. Krafft's 
collections. 

( 311 



CORRELATION OF THE UPPER TRIAS. 111 

very equally in both districts. The correlation of the noric bed;.; 
underlying the Dachsteinkalk has been based on stratigraphical 
evidence by A. v. Krafft. The fauna is too indifferent, espe
cia.lly in Painkhand:-., either to contradict or to support this 
evidence. 

A. v. Krafft correlated the quartzite series, with Spirigera maniensis 
of Spiti with the corresponding series in Painkhanda, the Monotis beds 
of Mani and Lilang with the main layer of Anodontophora Griesbachi 
in the Bambanag cliff, where Manolis salinaria is, however, absent, 
the coral limestone of Spiti with the dolomitic limestone containing 
8piriferina Griesbachi in Painkhanda. Those three rock-groups are 
rather poor in fossils and have a considerable number of faunistic 
elements in common. Cephalopoda are extremely rare. Two species 
of Trachypleuraspidites from the Monotis beds of Mani and a fragment 
of Sagenites from the main layer of Anodontophora Gr·iesbachi of the 
Bambanag cliff afford no clue to the geological age of those beds. 
The only species of stratigraphical importance is 111.onotis salinaria 
Schloth .. which is also known to us from the Pamir and from the 
Pishin district, Baluchistan. 

The cephalopod-bearing beds, which form the lower division of the 
noric stage, exhibit a different development in Painkhanda and Spiti. 
In Painkhanda two cephalopod horizons occur, the nodular limestone with 
Proclydonautilus Oriesbachi and the Halorites limestone. In Spiti one 
single horizon only, the Juvavites beds, corresponds to them. 

The nodular limestone with Proclydonautilus Griesbachi is very poor 
in fossils, but among those fossils two species of Parajuvavites, and 
one species of Pinacoceras, nearly allied to P. imperator, have been 
described by E. v. Mojsisovics, all of them types with decidedly noric 
affinities. A correlation of this nodular limestone with the dolomitic 
limestone, following above the Tropites beds of Spiti, is consequently 
impossible. The nodular limestone with Proclydonautilus Griesbachi 
has been considered by E. v. Mojsisovics as a horizon independent from 
the Halorites limestone both stratigraphically and faunistically, but 
the arguments put forward by this learned author are not convincing. 

Regarding the great deficiency of fossil materials from the nodular 
limestone with Proclydonautilus Griesbachi, it cannot be decided 
whether the faunas of this horizon and of the overlying Halorites beds 
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represent one single or two distinct palreontological zones, although 
there is some evidence in favour of the latter alternative. 

The richest Upper Triassic fauna in Painkhanda is included in the 
Halorites limestone. It contains 67 species of Cephalopoda, 61 of them 
determinable specifically. Parajuvavites and acatenate species of Halo

rites are the leading types. Bambanag1;tes and Guembelites-both of 
them rare elements in this fauna-are of exclusively Indian habit. The 
Alpine genera Metas1'.birites and Cyrtopleurites are replaced by their 
Indian representatives Thetidites and Tibetites. 

Four species are probably identical with forms from the noric 
Hallstatt limestone, namely :-

Pinacoceras Metternichii Hau. 
,, parma Mojs. 
,, postparma Mojs. 

Dionites cf. Asbolus Mojs. 

As has been demonstrated by E. v. Mojsisovics, the fauna of the 
Halorites limestone has relations with the faunre both of the lower 
(lacic) and middle noric (alaunic) substages. But the preponderance 
of lacic elements, together with the absence of all types confined to the 
alaunic substage exclusively, is so obvious, that the lower noric or 
lacic age of the Halorites limestone can be established with certainty. 

The fauna of the Juvavites beds of Spiti also bears the stamp of a 
lacic age, but does not show any close affinity to the fauna of the 
Halorites limestone. Three species only are identical, and two more 
very nearly allied, but those specific similarities are confined to 
forms which do not play any important part in the lower noric 
faunre of Painkhanda or Spiti. Halorites and Parajuvavites, the two 
most prominent elements in the fauna of the Halorites limestone, have 
not been met with in Spiti, where they are replaced by species of 
Juvavites, which do not show any close affinity to the congeneric forms 
of the Alpine rer,ion. Although the lower noric cephalopod beds of 
Spiti and Painkhanda must be correlated, both for stratigraphical and 
palreontological reasons, their faunre exhibit very distinct local pecu
liarities in both districts. This difference between the faunre of the 
J uvavites beds in Spiti and the Halorites beds in the Bambanag section 
indicates a considerable change in the conditions of life since the end of 
the Muschelkalk epoch, the fauna of which is distinguished by a very 
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uniform character throughout the Mesozoic belt of the central 
Himalayas. 

In Asia beds of Upper Triassic age are not distributed widely outside 
the Indian region. In Asia Minor the rhretic stage has been discovered 
by G. v. Bukowski.1 The fauna, consisting chiefly of brachiopods 
and lamellibranchs, bears the stamp of an upper noric or rhretic 
Mediterranean fauna, but shows no affinity to the noric faunre of the 
Himalayas. 2 

On the Island of Kotelny (New Siberia) Upper Triassic shales and 
marly limestones have been discovered by Baron E. Toll. A preli
minary examination of the rich fauna has convinced me of its carnic 
age. The most important elements are Ha7obice of the group of 
11. fascigera Bittn. This is a decidedly Indian type in this Arctic 
fauna, which is not known from any other Arctic region, where Triaiilsic 
sediments are developed in a bivalve facies (Eureka sound, Bears Isfand, 
Spitzbergen). Cephalopoda are very rare and represented in Baron 
Toll's collection by only a few specimens of Cladiscites, Pinacoceras 
(group of P. rex Mojs.) and Arcestes. 1 

In Western America the carnic stage is represented by the Tropites 
beds of the Hosselkus limestone in Shasta county, California. Accord
ing to J.P. Smith 1 the affinity of their ri~h fauna is much greater to 
the Mediterranean than to the Indian faunre, although several species 
are probably common to both areas. The following species are 

directly or nearly identical :-

Tropites subbullatus Hau. 

,, torquillus Mojs. 
Trachysagenites Herbichi Mojs. 

A considerable number of American carnic species .-.re represented 
in India by forms, which are very closely related. 

The association of Trop1:tes and Trachyceras in California points 
to an early appearance of the Tropitidce in America, where they 

1 G. v. Bukowski, Die geologischen Verhreltnisse der Umgebung von Balia 
Maadeu, etc., Sitzgsber. Kais. Akad. Wiss. Wien, CI. 1892, P· 214. 

2 A. Bittner, Triaspetrefakte von Balia Maaden in Kleinasien, .Jahrb. K. K. 
Geol. Reichsanst., XLI, (1891 ), p. 97, XLll, (1892), p. 77, XLV, (1895), p. 249, 

3 LethO?a mesozoica, Vol. I, Trias, p. 542. 
4 J. P. Smith, The stratigraphy of the Western American Trias, I.e., P· 402. 
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probauiy originated. From this region they migrated into the Indian 
and Mediterranean Triassic provinces, where they make a sudden 
appearance without any local ancestors. But the path of this migra
tion probably led into the Tethys by the way of the Atlantic rather than 
of the Pacific Ocean, since the affinities of the Californian carnic fauna 
are Alpine rather than Himalayan. 

In the noric stage the affinities between the American and Indian 
faunm are very remote. The fauna of Pseudmnonoli8 oclwt1:ca Keyser\., 
which is probably identical with Ps. subcircularis Gabb, is wid<'ly 
distributed in Northern Asia and along the coasts on either side of tlw 
Pacific Ocean, but reached neither India nor the Alpine region. The 
exchange of faunistic elements between America and the Himalayas 
appears to have been suspended entirely during the noric period. It 
was probably resumed during the liassic epoch, as we may judge from 
the universal distribution of the genus Ari'etites, which is known from 
Europe, Western Asia, India, Tirnor, California, Kcvada, .Mexic" South 
America. 

e. The Upper Tria.~ of J(ashmir and the Pamfr. 

a.-KASHMIR. 

The researches on which our knowledge of the Upper Triassi<· 
deposits of Kashmir are based were carried out before the publication 
of C. L. Griesbach's memoir on the central Himalayas. Since 
Stoliczka's early reconnaissances and R. Lydekker's memoir 011 

Kashmir (1883), no recent surveys have been made in that StaiP 
although certain parts of Rupshu have been visited bv Havden ail![ 
found to be stratigraphically almost identical with Spiti. . . 

Naturally the data available for a description of the Upper Triassic 
deposits of Kashmir are therefore very scanty and verv often anti
quated. We are so far entirely in want of detailed st;atigraphical 
data, while the fossils, which we know to have been derived from thl' 
Triassic beds of this area, are extremely small in number. This i5 all 
the more to he regretted, since Triassic beds are widely distributed in 
several isolated districts of Kashmir, chiefly in the Kashmir, Zanskar. 
Changchcnmo, Karakoram and Baltistan basins (Lydekker: Jlem., Geol. 
Surv. ind., XXII, pp. 133, 147, 15 L 168, 16:-t, 171, 182). 
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Detailed stratigraphical researches would no doubt yield most 
interesting results. 

As to the stratigraphy of the Upper Trias of Kashmir, we only know 
that the thick limestone masses (" Para " limestone), which elsewhere 
form the base of the Spiti shales, are represented there also. It further 
appears from Lydekker's accounts (I.e., p. 168) that this limestone 
mass is underlain by sandy and shaly deposits, as is also the case in 
Spiti and Painkhanda. The lower division is said to contain Monoti·s 
salinaria Schloth., the upper one chiefly Megalodon and Dicerocardium. 

Only three fossils belonging to the noric stage have so far been 
described :-

1. S]Jfrigera Noetlingi Bittn.1 collected by Stoliczka from Nio Sumdo 
Ill Karnag, Zanskar basin, probably also from Pankpo Pass (Zanskar 
basin). The fossil was regarded as liassic by Stoliczka (Memoirs, Geol. 
Surv. Ind., V, pp. 342, 345, 346). 

This species is also known from the noric stage of Spiti and of the 
Bambanag section. 

2. M egalodon cultridens Bittn. (I.e., p. 62), collected by Stoliczka in 
the vicinity of Lingti Sumdo, probably a locality in the Lingti valley, 
Zanskar basin. This species has not yet been obtained from the 
Dachsteinkalk of Spiti. 

3. Megalodon ladakhensis Bittn. (I.e., p. 65), from Shargol a:t the 
north-western termination of the Zanskar basin. It has been described 
and illustrated as Megalodon cf. gry]Jhoides by Lydekker (I.e., p. 164, 
Pl. IV, figs. 1-4). This species also occurs in the Dachsteinkalk of 

Spiti. 
To those three forms a few more may be added, the stratigraphical 

position of which is, however, somewhat doubtful. 
One of them is Dicerocardium hhnalayense Stal., which Stoliczka 

(I.e., p. 342) records from the "Para " limestone in the section between 
Lahanl and Karag. It is according to hi.; observations very common in 
the "Para" limestone of Ladakh and indicative of either Upper Triassic 
or liassic age. The type-specimen of Dicerocardium himalayense was col
lected east of Kioto in north-western Spiti. The forms, which are 
abundant in the " Para "limestone of Spiti, Ladakh and Rnpshu, are 

l A. Bittner, HimUI. Foss., Vol. III, Pt. 2, P· 68. 
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perhaps specifically <liflerent, as has been remarked by A. Bittner tl.c., 
p. 66). 

Another species, which is probably derived from the noric beds 
of Kashmir, is Monotis salinaria Schloth., recorded from Khar 
(Zanskar basin) by Stoliczka (I.e., p. 345). That the species recorded 
by Stoliczka, is identical with the Alpine leading fossil of the 
noric Hallstatt limestone, is very probable, for it is known to occur 
both to the south-east and north-west of Kashmir. Among Stoliczka's 
collections from Shargol (north-western corner of the Zanskar basin) a 
few flags of grey limestone have been noticed by Suess, which seem to 
have been derived from the Monotis beds. The fossils are, however, 
badly preserved. 

From the Upper Triassic limestones of the Karakoram Pass Ileterri

stridium and 8toliczkaria have been collected by A. le Coq.1 

j'.3.-PAMIR. 

Stoliczka, when about to return to India from Chinese Turkestan, 
whither he had aceom panied the second Yarkand Mission, traversed 
the eastern Pamir and obtained some very interesting geological results. 
A record of the Triassic fossils collected by him, is contained in a paper 
by Prof. E. Suess" Zur Stratigraphie Centralasiens."2 

Near Aktash Stoliczka observed the following sequence of beds, in 
d'!scending order :-

4. Black, crumbling shales, with intercalated limestones, con-
taining H alorella. 

3. Grey shales. 

2. Brownish sandstone, somewhat silicious. 
1. Limestone. 

The limestone beds intercalated between the black shales (No. 4) 
have yielded the allowing species:--

H alorella .rectifrons Bittn. 
,, 8toliczkai Suess. 

l P. Oppenheim, Ueber von Herrn A. le Coq gesammelte Heterastridien 
Karakoram Pa~s Uentralbl. f. llfin., etc., 1007, p. 722. 

2 Denkschriften Kais. Akad. d. Wi.~sench., 1894. Rd. LXI, PP· 432-4o6, 
( :317 ) 
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11 alorella pedata Bronn. 
Monotis salinaria Schloth. 
Thamnastraea rectilainellosa Winkl. 

l l 7 

Of those five species only Monotis scilinciria is known to occur in the 
Central Himalayas of Spiti. It was first discovered by H. Hayden 
near Mani on the Spiti river in 1899, where it abounds in a grey, shaly 
limestone. It was also observed in the section of Lilang by A. v. 
Krafft, where it is, however, much rarer. 

The rock in which it occurs in Spiti i::; very ::;imilar to that of the 
Pamir. According to A. v. Krafft's notes hand-specimens from the one 
locality can scarcely be distinguished from those from the other. 

Species of Halorella are as yet unknown from the Himalayas proper, 
but have been found in the south-eastern area of the Indian province, 
namely, in the Upper Trias of the Malayan archipelago. 

/. The Upper Tricis of Byans. 

The Upper Tria'; of Byans differs considerably from that of Johar, 
Painkhanda and Spiti. Very little, however, is known at present alnut 
its fossiliferous horizons. The country has not yet been surveyed in 
detail, owing to the difficulty of a correct interpretation of the different 
sectic.ns, which appear to be so intensely crushed and disturbed that 
an ex&.ct determination of the single horizons, which litholog ically 
resemble each other most closely, becomes almost an impossibility. 

Only the general sequence of the beds has ueen ascertained by F. H. 
Smith in 1899 and by A. v. Krafft in 1900 during their shor1; visits to 

the district. 

The blue-grey limestone, :!50 feet in thiclrne::;s, which follows above 
the chocolate limest::me of Lower 'I'riassic age, has yielded the fauna of 
Sviriferina Stracheyi 70 feet above its base and, in the beds immediately 
above this brachiopod-bearing horizon, numerous cephalopods charac
teristic of the Upper Muschelkalk. 

The next fossiliferous layer is situated in the topmost bed of this 
blue-grey limestone. This is the famous " Tropites limestone " of Kala
pani with its strange association of carnic and noric types Jn the 
upper pcrtion of th blue-grey limestone the entire ladinic and carnic 
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stage must, consequently, be included. A very marked decrease in the 
thickness of Middle and Upper Triassic sediments certainlJ takes place 
t:-om Johar towards Byans. Supposing even that the ladinic stage is 
completely absent, as we may infer from its reduced thickness in the 
Niti area, and that accordingly the thickness of the carnic stage 
amounts to 170 feet in the section of Kalapani, this is considerably 
inferior to that of the equivalent beds in Painkhanda and Johar. The 
proportions are expressed in feet :-

Spiti (maximum thickness) 

Painkhanda and Johar (maximum thickness) 

Byans. 

I • • • , 
7 

--

1,290 feet. 

820 ,, 

170 " 

I ;'~~;:f ~~:>_/ 
~'w. IL-Section N. W. of J(alapani (Byans) (from A. i·. Krafft's diary) 

!l. Megalodon limestone. 

319 

8. Shales with indeterminable ammonites. 
7. Grey limestone. 
6. Black shales with Arcestes. 
5. Tropites limestone. 
1. Light grey !imestone (Muschelkalk, ladinic and carnic stage) 
3. Chocolate limestone (Lower Trias). 
2. Productus shales (Permian\, 
1. White Quartzite. 
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Thia decrease of the carnic stage from N. W. to S. E. is intimately 
connected with a change of facies. The shaly deposits of the horizon 
of Halobia comata in the Bambanag section are replaced in Byans by 
pure grey limestones, in which no trace of shaly layers has been found. 
It would be an interesting task to search for the connecting linlrn 
between the different facies of the two areas, which must pass into one 
another somewhere between Johar and Byans. 

The rich fauna of the Tropites limestone showing an assemblage of 
carnic and noric elements, all the higher beds following above, must be 
assigned to the noric stage. 

In the district to the north of the Kali and Kuti Yangti rivers A. v. 
Krafft distinguishes the following sequence of beds above the Tropites 
limestone :-

4. Series of limestones (not examined in detail}. 
3. Shales with undeterminable ammonites. 
2. Grey limestone of great thickness. 
l. Black shales with Arcestes sp. : about 1,000 feet. 

F. H. Smith in his generalized section of the Triassic rocks observed 
m Byans, distinguishes a larger number of rock-groups, according to 
the colours of the blue-grey limestone exhibited on weathered surfaces. 
But, broadly speaking, two main divisions can be recognised, a lower con
sisting of dark shales, and an upper, about 1,500 feet in thickness, in 
which limestones predominate. The shaly band No. 3 has been 
observed in the section of Kalapani only, where it is strongly crushed. 

The occurrence of shaly deposits, 1,000 feet thick, in the lower divi
sion of the noric stage, once more emphasizes the dissimilarity of the 
Upper Triassic beds developed in Byans to those of Johar and Spiti. 
On the other hand the upper division of the noric (rhretic ?) beds of 
Byans seems to agree with that of the districts described above, consist
ing, as it does, of a thick limestone series extending from the Upper 
Trias into the Juras~ic system and overlain by the Upper Jurassic Spiti 
shales. As is evident fron F. H. Smith's notes, the ferruginous oolites of 
the Sulcacutus beds form a constant and well marked horizon on the 
top of the limestone series No. 4 both here as well as in the more 

north-westerly district::. 
3:W 
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Fw. 12.-Section along tfte route from Kulapani tu Na/Ji (/ruin ,i. 1'. Krafft'.s 
diary). 

7. Grey limestone 1 Noric stage. 
6. Shales 
5. Tropites limestone. 
4. Light grey limestone (Muschelkalk, ladinic (?} an<l carnic stage). 
3. Chocolate limestone (Lower Trias). 
2. Pro<luctus (Kuling) shales (Permian). 
1. Brown quartzite. 
la. White quartzite. 

A. v. Krafft discovered several fragments of ammonites in the top
most beds of the grey limestone (No. 2) and in the overlying shales 
(No. 3). Their similarity with forms from the zone of Proclydonautilus 
Griesbachi and from the Halorites limestone of the Bambanag section 
induced him to venture on a correlation of the shales No. 3 with the 
Halorites beds of Painkhanda. But the specimens in A. v. Krafft's 
collections are all indeterminable fragments, which do not even permit 
of generic identification. Moreover, the correlation with the Halorites 
limestone is contradicted by the zoological character of the Tropites lime
stone. For the present moment we are nC1t able to say anything definite 
about the probable correlation of the Upper Triassic bed8 of Byans 
following above the Tropites limestone. 

The only fossiliferous horizon of Upper Triassic age in Byans which 
is distinguished by a rich and characteristic fauna is the Tropites lime
stone. Among the fossils discovered by C. L. Griesbach near Kalapani, 
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but assigned.erroneously to the lias, representatives of the carnic genus 
Tro pites were recognised by E. v. Mojsisovics. 1 Very extensive 
materials were collected by F. H. Smith and A. \'. Krafft from 
Kalapani, Tera Gadh, Lilinthi, Nihal and Kuti. The following spe0ies 
have been described by C. Diener: 2-

Rhynchonella angulifrons Bittn. 
Halobia cf. fascigera Bittn. 

,, cf. comata Bittn. 
A vicula sp. ind. aff. caudata Stopp. 

,, ,, Tofanm Bittn. 
Atractites cf. ellipticus Mojs. 

,, cf. convergens Hau. 
Orthoccras cf. triadicum Mojs. 

,, cf. dubium Hau. 
Grypoceras sp. ind. aff. mesodico Hau. 
Proclydonautilus Griesbachiformis Dien. 

Pinacoceras parma Mojs. 
,, Metternichii Hau. 
,, cf. rex. Mojs. 
,, Beecheri Dien. 

Placites polydactylus var. Oldhami Mojs. 
,, sp. ind. aff. peraucti Mojs. 

Bambanagites Ifraffti Dien. 
Ccirnites cf. "floridus Wulf. 
Monophyllites Jarbas Muenst. 
Discophyllites Ebneri Mojs. 
Arcestes diccrus Mojs. 

,, bicornis Hau. 
,, siibbicornis Mojs. 

Proarcestes cf. Gaytani Klipst. 
,, szJ. ind. ex. aff. Zitteli Mojs. 

,, cf. Sturi Mojs. 
,, sp. ind. aff. sublabiati Mojs. 

- - --]\--,,. · · · u rlaeufige Bemerkungen ueber die Cephalopodenfaunen 
l E. v. J.OJSISOVJCS, • o_ . . 

<ler Himalaya Trias, Sitzgsber. Kais. Akad. d. Wiss., CI. J\:Ia1 1892.. . , 
2 c. Diener, The fauna of the Tropites limestone of Byans, Hunul. Foss., Vol 

\"' Pl. 1. 



1:22 JllEXEU :. TLU.\S OF TJf}; TIHL\L,\ L\S. 

Stenarcestes sp. ind. afj. polysphincto Mo.i~ 

,, sitbumbilicato l\foi ·: 

Cladiscites cf. neortus Mojs. 
,, sp. ind. afj. moroso l\fojs. 

Lobites cf. ellipticus Hau. 
II elictites cf. geniculatus Hau. 

,, cf. subgeniculatus Mojs. 
,, sp. ind. afj. Beneckei Moj~. 

,, Canningi Dien. 
Phormedites fascicttus Dien. 

,, sp. ind. afj. 7uvavtco l\lojr;. 
Buchites cf. hilaris Mojs. 

,, Emersoni Dien. 
Thisbites Meleagri Mojs. 

,, Ronaldshayi Dien. 
Campbelli Dien. 

Parathisbites cf. scaphitifonnis 
cf. Hyrtl·i Mojs. 

" 
Wyndhami Dien. 
nodiger Dien . 

.Jelhnehtes Barnardi Dien. 

" 
Suundersi Dien. 
Hoveyi Dien. 

Arpadites l'assilo l\fojs. 
Dittrrutrites Rawlinsoni Dien. 

,, sp. ind. a(j. Lilli 

" 
Trailli Dien. 

,, traillif orm·is Dien. 
,, teragudhensis Dien. 

Hau. 

Gueml>. 

Trachypleurasvidites Griffitlti Dien. 
,, J1unsoni Dil'n. 

Steimnann·ites cf. Lubbocki Moj~. 

Daphnite.~ sp. ind. afl. Ungeri Mojs. 
Dionites sp. ind. aff. Cwsar Mojs. 
Drepan·ites Schucherti Dien. 

" 
E(l,stmani Dien. 

,, sp. ind. aO. Marsyas Mojs. 
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Cyrtoplwritcs Freshfieldi Dien. 
sp. ind. aft. Ayrippinp, .Mojs. 

J'ibetites cf. Ryalli Mojs. 
Anatibetites Kelvini Mojs. 

,, Hobsoni Dien. 
Paratibet·ites Adolphi Moji'. 

,, cf. Bertrandi lVIojs 
cf. Geikiei Mojs. 

,, sp. ind. afj. Tornquisti l\fojs. 
Wheeleri Dien. 

Acanthnites Hogarti Dien. 
Ilimavatites Watsoni Dien. 
Polycyclus Henseli Opp. 
Olionites gracilis Dien. 

,. sp. ind. afj. Hughesii Mojs. 
,, ,, ,, aberrans Mojs. 
,, ,, ,, Dolloanus Mojs. 

" 
Stauntoni Dien. 

Protrachyceras Ansoni Dien. 
Sandlingites cf. Oribasus v. Dittm. 

,, Pearsoni Dien. 
,, Tuckeri Dien. 
,, sp. ind. aff. Archibaldi Mojs. 

Sirenites trachyceratoides Dien. 
,. sp. i'nd. afj. Kohanyi Mojs. 
,, Pamphagus v. Dittm. 

" 

Agriodus v. Dittm. 
cf. Argonautw Mojs. 
sp. ind. afj. Argonautw Mojs. 
argonautmformis Dien. 

,, cf. Dia nm Mojs. 
.. Evw Mojs. 
,, Alixis Dien. 
,, V redenburgi Dien. 
,, sp. ind. afj. VredenburqZ: Dien. 

Anasirenites cf. Menelaus Mojs. 
,. Greeni Dien. 

( a2 ~ ) 
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Distichites Sollasii Dien. 

" 
Falconeri Dien. 

" 
sp. ind. afj. megacant!to Moj~. 

" " 
celtico l\fojs. 

" 
Atropus Dittm. 

" " 
Minos Mojs. 

cf. Harpalos Dittm. 

" 
Younghitsbandi Dien. 

" 
sp. ind. afj. Y ounqhusbandi 

" 
"Reynoldsi Dien. 
ectolcitif ormis Dien. 

Ectolcites Hollandi Dien. 

" 
arictiformis Dien. 

,, Duncani Dien. 
,, sp. ind. afj. Hochstetteri Mojs. 

I sculites Smith ii Dien. 
,, Heimi Mojs. 
,, sp. ind. ltf}. oboli1w Dittm. 

Halorites sp. ind. afj. procyon Mojs. 
Jovites daciformis Dien. 

,, spectabilis Dien. 
Gonionotites Gemmellaroi Dien. 
Parafuvavites Jacquini Mojs. 
Anat01nites speciosus Dien. 

,, cf. crasseplicatus l\fojs, 
,, cf. Fischeri l\fojs. 
,, cf. Theodori Mojs. 
,, cf. Edgari Mojs. 
,, Beresfordi Dien. 

Didymites tectus Mojs. 
,, Kitchini Dien. 
,, S]J. 1:nd. a(f. Quenstedti l\fojs. 
,, ,, ,, subglobus Mojs. 

llletasibirites Phili7Jpii Dien. 
Discotropi"tes Krafjti ien. 

,, Mofsisovicsi Dien. 
,, cf. sandlingrnsi's Hau. 

( !325 
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M argarites cf. auctus DitLm. 
,, n0v. sp. ind. afj. aucto Dittm. 
,, Georgii Mojs. 
,, sp. ind. afj. Georgii Mojs. 
,, cf. circn11U!JJinatus Mojs. 
,, Sushena Dien. 

" 
Devasena Dien. 

Tropites subbullatus Mojs. 
,, cf. fusobullatus Mojs. 

" 
cf. discobullatus Mojs. 

,, cf. Estellce Mojs. 
,, sp. ind. ·afi. acutangulo 

,, W odani Mojs. 

" 
cf. Paracelsi Mojs. 

,, J alandhara Dien. 
,, Manasa Dien. 
,, kalapanicus Mojs. 

Anatropi.tes nihalens1:s Dien. 
,, margarit1:formis Dien. 

Paratropites lilinthicus Dien. 
Tropiceltites arietitoides Dien. 

Mojs. 
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To this list several forms must be added, belonging to the genera 
Loxonema, Orthoceras, Lobites, Thi'sbites. Dittmarites, Trachyceras, Pro
trachyceras, which did not permit of specific determination. 

There are on the whole 168 species known up to the present time 
from the Tropites limestone. Not less than 155 species are ammonites. 
Among them 102 are peculiar to this horizon, whereas 53 are identical 
wit.h species either from the Alpine Hallstatt limestone or from the 
Halorites beds of the Bambanag section. But a very large percentage 
of the species peculiar to the Tropites limestone are nearly allied with 
Alpine types. Thus the relations with Upper Triassic faunre of the 
Mediterranean region are very strongly marked. 

A.s faunistic elements peeuliiir to the Indian Triassic region the 
foJ.lowing must be mentioned :-Jellinekites, Trachypleuraspidites 
H imavatites, the groups of Sirenites V redenburgi, Drepanites Schucherti, 

Clionites gracilis, Distwhites ectolicitiformis, Tropiceltites arietitoides, 

ilnatropites margari.tiformis, Their number is, however, less considerable 
326 
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than the large percentage of species, which are nearly allied to 

European forms. 
Many important types point to the carnic stage and are indicative 

of a homotaxis with the Alpine zone of Trovites subbullatus. But a 
second faunistic element pointing to the noric stage is almost equally 
distributed in the Tropites limestone. Not less than 49 specie8 of 
ammonites are either identical or very closely allied with species from 
the noric Hallstatt limestone or (1:3) from the Halorites beds. A. v. 
Krafft was the first author to notice this strange assemblage of carnic 
and noric types in one single bed of limestone only three feet 
thick 

It might be suggested that this fauna marks a tran·>itional stage 
bridging over the faunistic hiatus, which exists between the carnic and 
noric stages of the Eastern Alps. But Diener remarks that such 
faunistic elements as might be regarded as transitional forms con
necting the two faunm are missing, and that the species present in 
variably show distinctly carnic or noric affinities. He consequently 
denies the possibility of considering the Tropites limestone as a true 
passage bed from the carnic to the noric stage. 

He further insists on the remarkable similarity of the strong admix
ture of carnic and noric types in the Tropites limestone of Byans with 
the remarkable association of Kellowa,y and Oxfod ammonites in the 
Jurassic oolites of Balin (Galciia), which has been explaine<l by Neumayr 
by a want of sediment during that period. The association of carnic 
and noric faunoo in the Tropites limestone of Byans might also be ex
plained by the want of sediment during the tuvalic and lacic periods. 
In this case the bed of the Tropites limestone although only three feet 
in thickness, might represent equivalents of the topmost division of 
the be::ls with Halobici comata, of the lim~stone with Proclydonautilus 

Griesbachi and of the Halorites beds of the Bambanag section. The want 
of sediment would be the real cause of the enormous fecundity of this 
thin layer in ammonites with carnic and noric affinities. 

The correctness of this explanation has yet to be proved by the 
results of a detailed survey of the Upper Triassic rocks of Byans. 

IV.-SUMJ\IARY. 

The two best known areas in the Triassic belt of the Himalayas 
are Spiti and Painkhand&.. The sections of Byans are known to us in 
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general outlines, whereas from Kashmir and Ladakh only isolated data 
are as yet available. 

1. Lower Trias and Muschelkalk are developed almost equally well 
in Spiti on the one hand and in Painkhanda on the other. The lower 
Trias contains at least three separate faunro, namely, the Otoceras-Ophi

ceras fauna, the Meekoceras fauna, and the Flemingites-Hedenstrremia 

fauna. To this must be added the Sibirites fauna, which is hitherto 
known with certainty from Byans only. Subdivisions of the Lower 
Trias must therefore be based on those clearly marked palreontological 
horizons. The former subdivision into Otoceras beds and Subrobustus 
beds must be abandoned, since the genus Otoceras is confined to a thin 
layer at the base of the lower Trias, while Ceratites subrobustus 

( = Keyserlingites Dieneri Mojs.) belongs exclusively to the Lower 
Muschelkalk. 

The Muschelkalk naturally falls into three subdivisions. The lower 
division consists of a nodular limestone poor in fossils, which is under
laid by a brachinpod-bearing layer with Rhynchonelln Griesbachi. The 
middle division (zone of S7Jiriferinu Stradeyi) contains the fauna of 
[{eyserlingites Dieneri (Ceratites suhrobustus antea). The Upper Mus
chelkalk is very rich in cephalopods and represents, indeed, the richest 
and most widely spread fossil horizon of the Himalayas. 

In Byans Lower Trias and MuschelKalk show a development different 
to that found in the other districts. The Muschelkalk consists of a 
much purer limestone facies than is the case to the north-west of that 
district. Faunistically, however, Lower Trias and Muschelkalk of 
Byans do not differ considerably from the equivalent beds of Spiti and 
Painkhanda. The topmost beds of Lower Triassic age contain the fauna 
of Sibirites s r-ini.1er which is probably homotaxial with that of the 
Upper Ceratite limestone in the Salt Range. 

2. A strongly marked difference in thickness and lithological charac
ter sets in in the la.clinic stage. While this stage is rich in fossils and of 
considerable thickness in Spiti, it is thin and poor in fossils in Pain
khanda. Further to the east the ladinic stagJ has not yet been traced. 

3. The marked difference just referred to is equally prominent in the 
carnic deposits. These are rich in shaly beds and very thick in Spiti, 
but dwindle cwisiderably towards the east till in Byans their thickness 
is almost insignificant. At the same time the shales disappear and their 

place is taken by pnrr limeston~s. 
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In the carnic stage two ammonite faunre can be distinguished, an 
upper with Tropites subbul'atus, and a lower one with Joa,nnites cymbi
formis. The Tropites fauna has not yet been found in Painkhanda and 
Johar. 

4. The noric deposits are, in their lower and middle divisions, richer 
in limestones and contain more natural ·rock groups in Spiti than in 
Painkhanda and Joha.r. They are divided into three groups of 
beds:-

Quartzite series. 

Braehiopod beds. 

Cephalopod beds. 

Locally the cephalopod beds are very rich in fossils in Johar 
(Bambanag cliff). But these beds (HaJorites limestone) form no such 
constant stratigraphical horizon as the Muschelkalk. 

The lower noric beds of Byans show peculiar features, being made up 
of black shales of great thickness, which are wanting in the other 
districts known. 

Everywhere in the Himalayas the upper noric beds as far as we 
know consist of thick limestones and pass through beds of doubtful 
age into limestones of middle Jurassic agP, which are ovl'rlain by the 
Upper Jurassic Spiti shales. From Spiti to Byans throughout the Meso
zoic belt of the Himalayas a ferruginous oolitic layer (Su'cacutus beds) 
occurs at the base of the Spiti shales and constitutes a very constant 
horizon (Kellaway) in the Mesozoic deposits of the Himalayas. 

The following table shows the relative thickness of the beds between 
the Productus shales and Spiti shales. It illustrates the remarkable 
decrease in thickness from north-west to south-east. 

The second table gives a classification of the Triassic series of Spiti, 
Painkhanda, Johar and Byans. This table shows clearly that more 
detailed researches will have to be carried out before we can correlate 
the Trias of Byans in any detail with that of the other two districts. 
The Trias of Kashmir is S3 litt.'e known, that not even a rough outline 
of the stratigraphical ser1uence 0an be given. 
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B. Tibetan Facies. 
The discovery of exotic blocks in Malla Johar by C. L. Griesbach, 

C. Diener and C. S. Middlemiss in 1892 acquainted us with a region 
situated to the north of the main Mesozoic belt of the Himalayas, in 
which a rapid change of facies takes place. The Permian and Triassic 
strata as exhibited in those exotic blocks show a development differing 
from that of the corresponding beds in the normal sections of Spiti, 
Painkhanda and Byans. 

The facts stated by this expedition 1 were corroborated by A. v. 
Kra:fft's exploration of the exotic blocks in the neighbourhood of 
the Balchdhura in 1900. A. v. Krafft found a fairly complete 
sequence of Permian, Triassic and even liassic beds in the exotic blocks 
of Malla Johar, but he noticed that every single horizon was represented 
by beds of comparatively small thickness and belonging to a facies 
quite different from that of the beds of corresponding age in the Bamba
nag and Shalshal cliffs, notwithstanding their short distance apart of 
scarcely ten miles. The former A. v. Krafft termed the Tibetan and 
the latter the Himalayan facies.~ 

Evidence has been obtained of the representation of the following 
Triassic horizons :-

a. Lower Trias. 

A large block of a dark red, earthy limestone, thin bedded, with a 
few grey layers, near the Kiogarh-Chitichun Pass (17 ,900 feet), marked 
E. B. No. 20 on the map accompanying A. v. Krafft's memoir, has yield
ed the following species of ammonites :-

Meekoceras joharense Krafft. 
infrequens Krafft. 

,, jolinkense Krafft. 
Xenodiscus cf. nivalis Dien. 
Hedenstrmmia cf. byansica Krafft. 

1 C. Diener, Ergebnisse, I.e., pp. 588·607, and Mem., Geol. Surv. of India, Vol. 
XXVIII, pp. 1-27. C. L. Griesbach, Notes on the Central Himalayas, Records, 
Geol. Surv. of India, Vol. XXVI, Pt. I, 1893, pp. 19-25, and" On the exotic blocks 
of the Himalayas,'' Compte rendu de la IX session du Congrb; Geol. internal. Vienne, 
1900, PP· 547·552. 

2 A. v. Krafft, Notes on the exotic blocks of Malla Johar in the Bhot Mahals 
of Kumaon, Mem., Geol. Siirv. of India, Vol. XXXII, Pt. 3, pp. 127-183. 
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In number of individuals Meekoceras foharense predominates. A 
fragmentary specimen of Meekoceras from the Hedenstrcemia beds of 
Banna, e.g. in Spiti, has been identified with this species by A. v. Krafft, 
although its state of preservation is too bad to warrant a safe identifica
tion. Xenodisctts nivalis and Hedenstr031nfri cf. byansica suggest a cor
relation with the Hedenstrcemia stage of the Himalayan series. Meeko
ceras folinkense, which is also known from the chocolate limestone of 
Byans and from the horizon of Meekoceras lilangense in Spiti, points to 
the lower division of the Lower Trias. 

The fauna of the exotic block No. 20 is certainly of Lower Triassic age, 
although its correlation with the Hedenstrcemia beds as advocated by 
A. v. Krafft cannot be considered to be established with full certainty. 

From the Chitichun area exotic blocks of Lower Triassic age have 
not been recorded. 

The fossils included in the exotic block No. 20 do not exhibit any 
affinities with the Alpine Lower Trias, but agree entirely with those from 
the Himalayan region. Local faunistic peculiarities, which have been 
mentioned by A. v. Krafft (I.e., p. 141, note) are of very slight impor
tance only. But there is a very sharp lithological contrast, the Lower 
Trias of the Tibetan series consisting of dark red limestone recalling the 
Hallstatt limestone in the Mediterranean region. 

b. M uschelkalk. 

The Middlemiss crag near Chitichun No. I (17,740 feet), consisting of 
a small number of blocks of a red or red and white limestone, contain~ 
a rich fauna of ammonites, which were described by C. Diener in 
1895.1 

In the following list such species only have been included as ad
mitted of a specific determination :-

Ceratites (Danubites) J{ansa Dien. 

" " 
Ambika Dien. 

Sibirites Pandya Dien. 2 

I Pal. Ind., ser. XV, Himal. Foss., Vol. II, Pt. 3, The Cephalopoda of the Triassic 
lin1estone crag of Chitichun. • 

2 The reference of this species to the genus Sibirites is accepted by E. v. l\foj· 
sisovics with so!lle reserve (Himalayan Foss., Vol. Ill, Pt. I, p. 51). 
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M onopltyllites Confucii Dien. 
Pradyumna Dien. 
Pitamalta Dien. " 

" 
" 

Hara Dien. 
Kingi Dien. 

Procladiscites Y asoda Dien. 
Xencispis Middlemissii Dien. 
J civonites U yra Dien.1 

Sturia mongolica Dien. 

To the same Triassic horizon as the Middlemiss crag two more exotic 
blocks in the Chitichun region must be assigned. One of them is 
situated near the low pass west of the peak Chitichun No. I, on the route 
from the Kiogarh Chaldu Pass to Chitichun E.G., and the second north 
of LochambelkichakE. G., near the pass which leads into the valley of 
the Chaldu river. Both of them have yielded lumacltellm of Xetutspis 

and Monopltyllites. 
The presence of this horizon in the Balchdhura district is doubtful. 

Some badly preserved ammonites (Procladiscites cf. Y asoda Dien.?) in a 
loose block point to the fauna of the Middlemiss crag, according to 
A. v. Krafft . 

. Judging from its zoological character, the fauna o: the Middlemiss 
crag was correlated with the Muschelkalk by Diener in 1895. He 
considered this limestone to form a lower division of the Indian 
Muschelkalk than the beds with Ptycltites rugifer and Ceratites Tltuillien 
in the sections of the Bambanag and Shalshal cliffs, the predominating 
types showing all a somewhat lower character of development than in 
the geologically oldest congeneric forms from the Upper Himalayan or 
Alpine Muschelkalk. 

When this fauna was examined by Diener in 1895, the Lower 
Muschclkalk age of the isolated Middlemiss crag had to be decided by 
its fossil contents only. This correlation was afterwards fully confirmed 
by A. v. Krafft's discovery of the fauna of the Middlemiss crag in the 
zone of Spiriferina Straclteyi and Keyserlingites Dieneri in the normal 

1 Referred to Gymnites originally. It has been demonstrated by E. v. Mojsiso
vics (Cephal. der Hallstaetter Kalke, Avltandl. K. K. Geol. Reichsanst., VI 2, Sup
plem., P· 323), that it combines the shape and sculpture of Xenaspis with the 
sutures of Japonites and should be included in the latter genus. 
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sections of Spiti and Painkhauda.1 This zone has the following species 
of ammonites in common with the fauna of the Middlemiss crag :-

Ceratites (Danubites) Kansa Dien. 
Jap.1nites Ugra Dien. 
Monophyllites Kingi Dien. 

" 
" 

Hara Dien. 
Confuc,ii Dien. 
Pradyumna Dien. 

The presence of those species in the Lower (or middle) Muschelkalk 
of the main belt of the Himalayas satisfactorily proves the correctness 
of a correlation, which had been based on palreontological evidence only. 

The fauna of the Middlemiss crag exhibits only small affinities with 
the Alpine Muschelkalk and with the beds corresponding in age from 
Ismid 2 in Asia Minor, but resembles much more nearly that of the zone 
of Spiriferina Stracheyi in the Himalayan region, although the local 
faunistic peculiarities are marked more distinctly than in the Lower 
Trias. The preponderance of Ammonea leiostroca (Cladiscites, Mono
phyllites) with the simultaneous diminution of Ceratitoidea is of special 
importance. 

There is still the same lithological contrast prevailing between the 
Tibetan and Himalayan facies in both areas. 

c. Lower Carnie stage. 

A dark red, very ferruginous limestone of the exotic block No. I in 
A. v. Krafft's map (S. E. of Ba1chdhura No. II) has yielded Daonella 
indica Bittn. and Halobia sp. ind. No definite age can be assigned to 
this scanty auna. Daonella indica ranges from ladinic into carnic beds, 
but the presence of a true Halobia is rather in favour of a carnic age. 

d. Carnie stage. 

The credit of the first discovery of an exotic block of this age is due 
to C. L. Griesbach, C. Diener and C. S. Middlemiss, who in 1892 collected 
some specimens of Upper Triassic ammonites_i~ a red ~=~~e ne~~ 

IGeneral Report, Gwl. Surv. of India, for 1899-1900, p. 205. 
2 F. Toula, Eine Muschelkalk fauna am Golf von Ismid in Kleinasien, Beitr<Ege 

zur Geol. u. PalC£ontol. Oesterreich- Ungarns, etc., X, P· 189. 
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Sangcha Talla encamping ground. The ammonites were shown by 
E. v. Mojsisovics (l.c., p. 18) to belong to a spacies of Jovit~ closely 
allied to J. bosnensis Mojs. 

In the district of Malla Johar the presence of two exotic blocks of 
middle or upper carnic age was ascertained by A. v. Krafft. One of 
those blocks (No. 5) near Malla Kiogarh eneamping ground was of very 
small size. It consisted of a massive, much altered, red limestone an<l 
yielded fragments of Carnites sp. ind. and of Proctrcesles sp. ind. ex a(j. 

wusseano Hauer. Those remains, although very scanty, arc sufficient 
evidence of a carnic age. 

The second exotic block (No. 2) WC1S discovered by A. v. Krafft oue 
mile to the north-west of the Balch<lhura Pass. From a bright red mar
ble agreeing very closely with the earnic Hallstatt limestone of the 
Roethelstein near Aussee, the richest Mesozoic fauna of the Tibetan 
facies has been obtained. It consists of the following species, which 
have been described by C. Diener 1 :-

Dictyoconites nov. sp. ind. aO. Haueri 
Proclydoriautilus triadicus Mojs. 

" Buddhaicus Dien. 
Grypoceras suessiif orme Dien. 

Mojs. 

JJ:l.ojsvaroceras sp. ind. aO. Turneri Hyatt et Smith. 
Cladiscites crassestriatus Mojs. 

,, cf. Gorgfre Gemm. 
,, sp. ind. cf. coracis Gemm. 
,, cf. pusillus Mojs. 

H ypocladiscites subcarinatus Gemm. 
,, subaratus Mojs. 

Arcestes cf. periolcus Mojs. 
,, cf. Richthofeni Mojs. 
,, sp. ind. aO. decipiens Mojs. 
,, cf. placenta Mojs. 

Proarcestes Gaytani Klipst. 
,, cf. ausseanus Hau. 

,, sp. ind. aO. Barrandei Lbe. 
Discophyllites Floweri Dien. 

1 C. Diener, Upper Triassic and liassic faunro of the exotic blo~ks of Ma.Ila Johar 
Palwont. Ind., ser. XV, Hinuil Fuss., Vol. I, Pt. I. ' 
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Pinacoceras sp. ind. cr(j. rex. Mojs. 
flacites cf. perauctus Mojs. 
Discotropites cf. sandl,inyensis Hau. 
Tropites cf. sulhullatus Hau. 

,, sp. ind. afj. acutanyulo Mojs. 
,, sp. 'ind. a!J. W ud£tm: Mojs. 

Anatro11iles cf. spinosw; MojH. 
,, Pilurimi1: Dien. 

ill aryariles irreuularicuslalus Dien. 
J uvites cf. spectabihs Dien. 

,, daci:form,is Dieu. 
Juvavites Hra/Jl'i Dien. 

" 
duyranus Dien. 
nov. SJ!. -ind. a!J. 1mbinterrupto Mojs. 

Griesbachi'tes pseudomedleyanus Dien. 
,, cf. ]{astneri Mojs. 

Anatomites sp. ind. £t/j. Uamilli Mojs. 
,, ,, ,, ,, H enrici Mojs. 
,, ,, crasseplicato Mojs. 

Gonionotites cf. italicus Gemm. 
T ibetite,,s bltotensis Dien. 
Loxonerna (Polygirina) cf. elegans Hoern. 
Sagan£t cf. geometrica Kok. 
Capulus (Phryx) joltarensis Dien. 
N aticopsis sp. ind. a(j. obvallatw Kok. 

137 

This fauna has intimate relations both with the julic (middle carnic) 
and tuvalic (upper carnic) faunoo of the Alpine Hallstatt limestone. 
There is an assemblage of species indicating nearly equal affinities with 
the zones of Tracltyceras aonoides and of Tropites subbullatus. The red 
marble of the exotic block No. 2 must therefore be considered as a 
homotaxial equivalent of both the middle and upper carnic substages. 

The carnic stage, as represented in the exotic blocks Nos. 2 and 5, 
exhibits very important lithological differences from the dark shales 
and limestones of the beds with Halobia comata or the Grey beds and 
Tropites shales of the main region of the Himalayas. On the other hand, 
its lithological resemblance to the carnic Hallstatt limestone of the 
Roethelstein near Aussee is so great that it is no easy matter to distin
guish rock specimens or fossils from those two localities without a close 
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inspection. The agreement with the Alpine Hallstatt limestone is 
lithological as well as faunistic. The faunistic difference between the 
carnic beds of the Himalayan and Tibetan facies, which are not more 
than a few miles a part, is much more conspicuous than between the 
latter and the Hallstatt limestone of the Roethelstein. 

Fifteen species are identical, or probably identical, with Alpine forms 
and nineteen altogether with forms which have their habitat in the 
Mediterranean province, including four species, which are known to us 
from Sicily but not from the Eastern Alps. This is an unusually large 
percentage of Mediterranean types in an Indian fauna, and is only 
exceeded by the Mediterranean affinities of the Lower Liassic fauna of 
the exotic blocks Nos. 16 and 17 south of the Kiogarh high plateau. 

Particularly striking is the preponderance of the genera Arcestes 
and Cladiscites in number of individuals in the Tibetan facies, whereas 
those two genera are of rare occurrence in the carnic stage of the 
main Triassic region of the Himalayas. In this character the carnic 
fauna of the Tibetan facies agrees exactly with that of the Alpine 
Hallstatt limestone. 

e. Dachsteinkalk. 

To the east of Chitichun No. 1 an exotic block was noticed by 
Diener (Ergebnisse, etc., Le., p. 602), which is remarkable on account 
of its regular conical shape. It is built up of a yellowish-grey limestone, 
recalling the higher beds of the Upper Triassic Dachsteinkalk of the 
Shalshal cliff section. 

In the region of exotic blocks of Malla Johar the divide between 
Kiogarh No. I and No. V has been described by A. v. Krafft as consist
ing of a great mass of grey, dolomitic limestone, without any fossils, 
but resembling the upper noric or rhretic Dachsteinkalk of the main 
region. " Nevertheless there is no complete lithological identity be 
tween the two, the Tibetan grey limestone being massive throughout, 
while the HimMayan Dachsteinkalk is well bedded. "I 

f. Summary. 

All Triassic beds represented in the exotic blocks of the Chitichun 
region and of Malla Johar belong to a facies different from that of the 

l A. v. Krafft, Exotic blocks of Malla Johar, I. c., p. 147. 
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corresponding deposits m the Himalayan region. Those which are 
equivalent to the Dachsteinkalk of the Himalayan series are developed 
in a facies of white, dolomitic limestone. Their thickness and horizon
tal distribution is considerable, but the complete absence of fossils 
lessens their interest. 

All the remaining exotic blocks agree in their mode of development 
with the red limestones and marbles of the Hallstatt facies in the Alpine 
region. Those of Lower Triassic and Muschelkalk age exhibit close 
faunistic affinities with the corresponding beds of the Himalayan facies 
from which they differ only lithologically. But in the carnic stage 
there is both a faunistic and lithological contrast with the Himalayan 
series, and a very close affinity with the middle and upper carnic faunre 
of the Mediterranean zoo-geographical province. 

Among the liassic fossils of the Tibetan facies the Mediterranean 
affinities are marked still more strongly than in the Trias, the differ
ence between the liassic faunre of England or Wurtemberg and those of 
the Alps being even more conspicuous than between the latter and the 
lower liassic ammonites of the Tibetan facies found in the exotic blocks. 

If no other Mesozoic faunre in the Himalayas were known than those 
of the carnic stage from the exotic block No. 2, and of the Lower Lias 
from the blocks Nos. 16 and 17, their knowledge would not justify the 
establishment of an Indian zoo-geographical province. 

Whereas an independent development of the Mesozoic faunre is 
noticed in the Eastern basin of the Tethys, which corres·ponds to the 
main belt of the Himalayas compared with th~ development in the 
)lediterranean region, the contrast between them is almost obliterated 
in the area of the Tibetan facies. To the north of the main belt 
of the Himalayas sediments were deposited of a nearly uniform 
lithological character, agreeing with the Hallstatt facies of the 
}lediterranean province, and the sea was inhabited by a fauna with in-

8ignificant local peculiarities during carnic and liassic times. 
This striking lithological and faunistic agreement, which exists 

between a considerable part of the Mesozoic sediments of the Tibetan 
facies and the homotaxial beds of the Mediterranean region, is one of 
the most interesting facts in Him!ilayan stratigraphy. It cannot be 
explained satisfactorily by the hypothesis that the _rxotic blocks in 
'.\falla Johar are not found in situ but have been earned there from a 

territory lying much further to the north. This hypothesis which has 
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been offered by Suess and in a somewhat altered form by A. v. Krafft, 
but which is not supported by convincing reasons, is only able to 
explain the rapid change of facies between the Tibetan and Himalayan 
series, but leaves the agreement of the Tibetan and Alpine series during 
the carnic and liassic periods unexplained. 

IV.---THE CEPHALOPOD HORIZONS OF THE HIMALAYAN 
TRIAS. 

The Trias of the Himalayas has been termed a cephalopod-bearing 
facies by several authors. But this statement can be made only with 
great reserve. It is true that some horizons are, indeed, con
spicuous by an abundance of Cephalopod<t, which is not surpassed by 
any in the Alps. But those horizons are, as a rule, of small thickness 
and separated by mighty masses of rocks very poor in fossils. 

The cephalopod-bearing beds come to a close rather abruptly in the 
lower noric stage. In the higher divisions of this stage ammonites are 
of the rarest occurrence, and in the Indian equivalents of the Alpine 
Dachsteinkalk they are wanting altogether. From their fossils the 
enormous mass of shales, sandstones, quartzites, dolomites and lime
stones, which follow above the Juvavites beds of Spiti or above the 
Halorites limestone in Painkhanda, might be determined as a brachio
pod or a bivalve facies, but certainly not as a cephalopod facies. 
Even in the Tibetan region of exotic blocks, where the faunre of the 
Lower and Middle Triassic, carnic and liassic beds are represented 
almost exclusively by cephalopods, the grey limestones of the noric or 
rhretic stages are practically unfossiliferous. They have not yet 
yielded any ammonites. 

It is necessary to state this, in order to prevent the student of the 
Himalayan Trias from forming exaggerated ideas on the abundance of 
cephalopod-bearing horizons. Those horizons are undoubtedly of the 
highest stratigraphical and faunistic importance, but are of small 
thickness in comparison with the unfossiliferous rocks, especially so in 
the Upper Trias. 

In the Himalayan Trias ten cephalopod-bearing horizons have been 
distinguished by Noetling (Asiatische Trias, I.e., p. 177), who correlated 
the Otoceras beds with the Permian system. 
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The following table shows the distribution of cephalopod horizons in 
Spiti (sections near Lilang), Painkhanda (Bambanag and Shalshal cliffs), 
Byans and Malla Johar. It is from a combination of our experiences 
in those four areas, that we shall arrive at establishing a general 
standard of cephalopod-bearing horizons in the Central Himalayas. 

It must, however, be remarked, that among those fifteen Triassic 
cephalopo<l horizons the existence of three is rather doubtful. No. 5 
perhaps does not correspond to an independent palaJontological zone, 
as defined by a peculiar fauna of ammonites, although Rhynchonella 

Griesbachi is restricted to this horizon. From No. !) only a single 
ammonite, Joanm;tes thanamensis Dien., is known. No. 15 has 
been based on two fragmentary specimens of ammonites, collected 
from the Monotis beds in Spiti and from the main layer of Anodonto
phora Griesbachi in Painkhanda. In neither case have I been able to 
determine the species. 

I 

Exotic blocks 

Spiti. Painkhanda. By ans. of Chitichun 
and Mella 

Johar. 

---------· 

Noric stage 15. Horizon of Trachy- 15. Horizon of Sage-
pleui·aspidite.• nites sp. ind. 
aff. Griffithi. 

14. Horizon of JmJ<!- 14. Horizon of Halo- 14. l Horizon 
vites anfltilafos. rites iwocyon. I of Tro-

I I piles 

I "· Hom~ of Pro· 113. 
,,.,1,i11.I-
Inf.us 

clydonnutiln.• a,.ie .. - r and 
bachi. I HalO't-

I ifes sp. 

12. Horizon of Ti·opilcsl 12. Horizon of Moj-
I n.ff'. 1wo- -

Carnie stage . 
12. J cyon. 

12. f """" sul,l,nl/a.I!!•. [ svrirites e!!fl!/1'11-•. of Ola-
<lisd,te• 
cras.~e--

[ 11. Horizon of .hwa· 1 I. .. triafu•. 
. •·ites tonkinensis and 

H!/JlOcl a <l i sci t e ·' 
subanitus. 

10. Horizon of Joan- ! 10. Horizon. of J~an-
nites q1mbijo,.mis, •1ites cymbiform,., 

9. Horizon of Joan· 
niles thanmnensis. 
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Spiti. Painkhanda. 

II· Exotic blocks 

I 
of Chitichun 

Byans. anrl Malla 
Johar. 

_____________ ! ________ -----1 

II' 8. Horizon of Protra-1 
i chyceras .Archelam. i 

Ladinic stage 

' I 
I i 

-----j -----1------· 
17. Horizon of Cera· 1· 7. Horizon of Cern
: tites Thuillieri a.nd tites 'J'!>uillier~ anrl 
l Ptychites mgifer. I Ptychites i·ugifer. 

:Muschclkalk 

! 6. Horizon of Keyser- 6. Horizon of Keyser-
: lingifos Dieneri. lingites Diener\. 

! I H . f8''' ·1 
I'rahlada. 

I --.--,-----
7. Horizon off 

Cera ti I es 
1 

'I'huillieri. I 
I 

' 1L Horizon ol 
I Monophyl-
. lites Conft<

cii. 

I 

1

5. or1zon. o iutrt es 

------------- ---· ----- i 

· I 4. Horizon of I 
Si ii rites 

Lowc>r Trias . 
i 

3. Horizon of Heden- l 3. Horizon of Heden
strremia Mojsisovicsi sfrremia Mojsisot•icsi 
a. n d Flemingites .

1

. aml Flem. Rohillct. . 
Roh ill a. · i 

2. Horizon of Meeko- 2. Horizon of Meeko- I 
ceras Varaha. cems Markhami. · 

I 
1. HCJrizon of Otocerns I. Horizon of Oto- I 

Woodwardi. / ceras Woodwardi. ' 

-----1------ ----- ---------

Permian Horizon of Cyclolobus 
imignis. 

spiniger. 
i 

3. Horizon of : 3. Horizon of 
Hedenstrre- ' Meekoceras 
mia Moj- ! .iohnre11se. 
s isot'icRi. 

_I __ _ 

I 

Four cephalopod horizons are known to us from the Lower Trias, 
two or perhaps even three from the Muschelkalk, one from the ladinic, 
three (or four 1) from the carnic, two (or three 1) from the noric stage. 
In comparing the number of cephalopod horizons with the thickness of 
the corresponding rock-groups, it is evident at once that the Himalayan 
Lower Trias and Muschelkalk deserve indeed the name of cephalopod 
facies, whereas this is not the case in the Upper Trias. In the carnic 
and noric beds of Spiti we may pass through many hundred feet of 
shales and limestones, without meeting with a single cephalopod
bearing layer. 
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A correlation of the Triassic cephalopod horizons of the Himalayas 
and of the Eastern Alps is illustrated in the following table :-

Ea.stern Alps. Him4la.ya.s. 

Rh retie Horizoi: of ()!wristoceras Ma1·slti. 

------!·-----·----------

Noric stage H .. rizon of Sirenites Argonautm. 
., ,, Pinacocera.y Metter-

nichii. 
,, Gyrtopleurites bicre

natus. 
,, Cladiscites ruber. 
,. Sagenites Giebeli. 

Horizon of Halorites procyon. 
,, ,, Proclydonautilus 

Griesbachi. 

-------!---------------!---------------

Carnie stage 

Ladinic stage 

· Horizon of Tropites subbullatus. 

,, T. Aonoides. 

" 
,, T. Aon. 

Horizon of Tropites subhullatus. 
,, ,, Hypocladiscites sub· 

" 

aratus. 
,, Joannites 

forinis. 
,, Joannt"tes 

inensis (?). 
than11,-

I Ho1iz11n of Protrachyceras Ar- Horizon of P~~trachyce,ras Ar-
chelaus. rhelau.y. 

,. Dinariies avisianus. 
,, Prot 1· a c It ti c er a s 

______ ]_i ______ c_u_1·-io_n_i_i· _____ , _____________ _ 

Muschelkalk Horizon of Cemtites trinodosus. Horizon of Geratites Tlwl!Ueri. 
,, ,, Ceratifes binodosus ,, ,,Key.terlingites 

Dieneri. 
,, Sihirites P1•ahlada. 

l -------[--------------!---------------

J,ower Trias . : Horizon of Tirolites cassianus Horizon of S£birites spiniger. 

Permian 

,, ., Hedenstrwm£a Mqj-

" 

" 

s£sovicsi 
,, Meelcoceras 

ltami. 
Marie-

,, Otoceras Woodwardi. 

. I Horizon of Paralecanites sex- Horizon of Cyclolobus insiqnis. 
! tens£s. 
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It becomes clear from this table that the number of cephalopod-bear
ing horizons in the Himalayas is considerably larger in the Lower Trias 
than in the Alps, but smaller in the ladinic and noric stages. The ab
sence of cephalopod horizons in the alaunic and sevatic (middle and 
upper noric) substages of the Himalayas is easily explained by the 
different development of facies in the Indian and Alpine regions. In 
the Alps it is only in the Hallstatt facies of the Salzkammergut that 
cephalopod facies are known, not in the Lith:itlvimnium and bivalve 
facies of the Dachsteinkalk. But in rocks of the Hallstatt facies, as 
they are known to us from the Tibetan facies in the Himalayas, only 
the carnic stage is represented. The expectation may, however, be 
indulged in that in the Tibetan region further investigations may lead 
to the discovery of exotic blocks with middle and upper noric faunre. 

The presence of a single cephalopod fauna in the ladinic stage of the 
Himalayas is more remarkable. In the Alps three faunm have been 
distinguished in this stage by E. v. Mojsisovics, two of them (Buchen
stein and Wengen) being quite distinct and restricted to two stratigra
phical horizons of wide distribution. In the Himalayas one fauna only 
corresponds to those three Mediterranean ones and this is the fauna of 
the Wengen beds with Pratrachyr 0 ms Archelaus and Daonella L'Jnundi. 
But there is certainly no break in the succession of beds, either in Spiti 
where the ladinic stage is at least 300 feet in thickness, or in Painkhanda 
where it is reduced 1;Q a thickness of 10 or 20 feet. In all the sections 
that have been examined by A. v. Krafft, true passage beds have been 
noticed connecting the upper Muschelkalk with the ladinic stage. From 
this we must infer that the topmost beds of the upper Muschclkalk, 
containing Ptychites Gerard£ Blfd. and .foannitPs cf. Jlroavus Dien., re
present also stratigraphical equivalents of the Alpine Buchenstein beds 
the existence of which cannot be proved on palmontological grounds. 

The following table shows a correlation of the Triassic ccphalopod 
horizons of the Himalayas and of the Boreal and Pacific regions. Ou~ 

limited knowledge of the Trias in the Arctic regions and in the south
ern part of the Pacific is a serious obstacle to any attempt of this 
kind:-
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Himii\o,yaA. Horco,\ region. W csfrm Pacific Provine~. Califor1oia arnl l1l&ho. 

I -------:------- ·-------·-~----- -------- ----- --- -·---1------------------------

Noric Hor: of lfalorites proc.ifon. 
,, ,, P·roelydona1dil11s 01•i'es· 

bachi. 

Hor. of Asteroeo11ile.• 
saviticus (Savu.) I 

_ Cephalopod horizrin or! 
---------- ------ -- -------I New Caledonia. 

Hor. of Haloi·ite.• a.me· 
ricanus and Rlwbdoce· 
1·as Rirss<:lii. 

H "'" of Clionites Bari•entsi 
• Hor. of Tropites subbulfotus. (Bears Island). , I Jnr. of Tropites .rnb· 

,. ,, II,ypodadiscites .mbtira- Cephalopod horizon of New ' bidlatits (Hosselkus 
tus. Siberia. I limestone). 

,. ., .foannite.< cyinli{fo1•mis. Hor. of PPoti•ackyceJ'as Svei·- I Hor. of Profr~ch,yce1·as 
,, ,, Joan11ites tlianamensis. di•upi (Eureka· Sound). , cf. Homfi·a!JI· 

- - -----:--------------------1-------------·:-----------I 
Lalinic 

lr nschelk11lk 

~ Lower Trias 

Hor. of Protracl1ycn·as 
la us. 

Arelte· 

Hor. of Pt;1Jcldtes 1·ugifer and\ Hor. ,.£ Ptyrhi~~:- troc~lem- / 
Cer<rtites 1'/willim·i. .formis (SpitzbPrgen) , 

,, Sibil'ite.~ Pralilad". (8pitzl1crgen). 

I 

Hor. of Japo11ite.• Japo· 1 _______ _ ____ _ 

nicus (mkuzen). i 
Hor. of Cemtites trino· 

,, 3'1onop1iyllites dosus. 
"icl.oti'cus (Ussuri). Hor. of Pm·apopanoce-

1•as Haugi. ,, Ke.11serlingite.~ Dieneri. I ,, Ceratites Ve,qa j 

Hor. of Sibirite.~ spiriget'. I Hor. of Ke-.1J-s_e_r_li_.n_g_i_te_s_s_u_b_·_/_H_o_1_-._o_f_D_i_·.,-ia-r-i-te_s_H_i_r_·/ Hor. of - -c:;~:~i-t:; 
,, ,. Hedensfra!mia .l!ojsiso·: 1·obustus (Olenek). J schii (Timor). parisiam1s. 

vicsi. ' I Hor. of Tirob'tes c.f 
,. 1lfeek:oceras .:.liarkkami. Hor. of P1·optycl1ites Hmteri. 
,. Otoceras Woodwardi and ltiemalis (Ussuril, Hor. of Meekocei·as gra· 

np ~ic1•ra.< Sahintala, cilitatis. 
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It is evident from this table that the Triassic Cephalopod horizons 
of the Himalayas are more complete than in any part of the Pacific or 
Boreal regions. It is especially in the ladinic and noric stages that 
cephalopod-bearing beds are rare, being represented by bivalve fauna:> 
and only very few ammonites in those two zoo-geographical provinces. 

V.-THE INDIAN TRIASSIC PROVINCE. 

It is generally accepted that in the region occupied by the Hima
layas, the Salt Range of the Punjab ; the Pamir, the frontier ranges of 
Yunnan, Burmah and Tonking there existed in the Mesozoic era a part 
of the ancient ocean, known as Tethys, the Triassic faume of which hear 
quite a distinct local character, which distinguishes them from the 
homotaxial faunre of the Mediterranean and Pacific regions. 

E. v. Mojsisovics1 in 1896 pointed out the succession of the Indian 
Triassic cephalopod faume and the relation that the Indian province 
bears to the Mediterranean and Pacific provinces. As has been demon
strated in the preceding chapter, we are able now to construct a 
more complete and detailed account of the succession of cephalopod 
horizons, although the younger divisions of the noric stage are still 
wanting. 

Now we can also move a considerable step further in the direction of 
def.Ding more clearly the relation of the Indian to the Pacific region 
during the Triassic period. The points formerly obscure in our knowledge 
of the Trias of North America have been settled by the careful investi
gations of Hyatt and J.P. Smith, and very important new data respect
ing the Triassic deposits of New Caledonia have been published quite 
recently by Piroutet. The large gap between the Trias of the Hima
layas and of the western Pacific region has been filled partly by the 
investigations of Leclere, L:i.ntenois and Mansuy in Yunnan and 
Tonking and of Boehm, Hirschi, Voltz in the Sunda Islands. 

The boundary between the Triassic deposits of the Indian and 
Mediterranean regions is very sharp. What is known of Triassic rocks 
in Asia Minor, in the Caucasus and in Darwaz, bears the stamp of the 
normal Mediterranean development. In Asia Minor the Triassic series 

1 E. v. Mojsisovics : Beitrmge zur Kenntnis der obertraidischen Cepbalopo
denfaunen des Himalaya, Denkschr. kais. Akad. d. Wiss. Wien, LXUI, p. 686,
Himalayan Fossils, I.e., Vol. II, pt. 2, p. 66. 
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is more complete than in any other district of Western Asia. Lower 
Trias is known from Gebse (gul£ of Ismid) in the facies of Werfen beds. 
The fauna, which has been described by A. Bittner,1 agrees exactly 
with that of the Alpine Buntsandstein. It is overlain by grey crinoid 
limestones and by grey and red limestones containing a rich fauna of 
the Muschelkalk. This fauna in which cephalopods predominate, has 
been assigned to the upper Muschelkalk (zone of Ceratites trinodosus) 
by Toula, 2 to the lower Muschelkalk by G. v. Arthaber '1 and Noetling. 4 

The presence of the ladinic stage is indicated by Protrachyceras 
anotolicwn Toula. 

Upper Triassic deposits are known to us from Baalia Maaden (MyBia) 
by the investigations of G. v. Bukowski,6 who stated them to overlie 
unconformably beds of an Upper Carboniferous age. Their fauna was 
studied by Bittner. 7 It contains both noric and rhretic 8 elements, 
but exclusively Brachiopoda, Lamellibranchiata and Gastropoda. 
Spirigera Manzavinii Bittn., Mysidia Bittn., Pergamidia Bittn., are the 
most remarkable types. There is no affinity whatever with the 
Upper Trias of the Himalayas. 

In the Caucasus, sediments of the marine Trias were discovered 
at three different localities by W. J. Worobieff in 1906. The most 
complete section was observed on the slope of Mount Tchatch near the 
source of the river Sokhraia, a tributary of the Bielaia. According to 
the preliminary descriptions given by Th. Tschernyschew,9 who examined 

-------- -----------------

l A. Bittner: Nenes Jahrb. f. Min., 1899, I. p. 66. 
2 F. Toula : Eine lVIuschelkalkfauna am Golf von Ismid in Kleinasien, Beitrrege 

zur Geol. u. Palreont. Oesterr-Ungarns etc., 1896, X, pp. 153-191. 
3 G. v. Arthaber, ibidem, XII, p. 226. 
·I F. Xoetling, Asiatische Trias, ). c., p. 115. 
5 F. Toula: Ueber Protrachyceras anatolicum, ein neues Triasfossil vom Golfe 

von Ismid, Neues Jahrb. f .. 111in. etc., 1898, I. p. 26. 
G G. v. Bukowski: Die geologischen Yerhaeltnisse der Umgebung von Baa.Ha. 

:"lfaaden im nordwestl. Kleinasien. Sitzgsber, Kais. Akad. d. Wiss. Wien., CI, 1892, 
p. 214. 

7 A. Bittner : Triaspetrefakten von Baalia in Kleinasien, Jahrb. K. K. Geol. 
Re£chsanst., 1891, XLI, p. 97.-Xeue Arten aus der Trias von Baalia, etc., ibid., 
1892, XLII, p. 77. 

8 Bittner determined the age of this fauna as " rhretic," taking the rhmtio 
stage in the wide circumscription of F. v. Hauer, who united in this stage all Triassic 
beds younger than carnic. 

9 Th. Tschernyschew: Ueber die Entdeckung von oberer Trias im nmrdl. Kauka.
sus. Bull. Acad. Imper. des sciences, St. Petersbourg, 1907, P· 277. 
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the rich materials of Bmchiopoda and Lmnellibmnchfrtfa collt>cted b.\· 
Worobieff, the Triassic series hegins with shales containing f{onincki1w 

Telfori Bittn. and Nucufrt striqillata Goldf., which must lw eor'J'rlated 
with the carnic st<ige. They arc overlaid by grey anll rell lime
stones, which have yielded a rich fauna of noric and rlu:etic ag••. The 

following are the most characteristic species :-
Pseudo111onolis ochot1:crr Ke~·serl. 
Ainphiclinodonta J(atzeri Rittn. 

,, Suessii Hofm. 

Terebmtulrt pyn:forinis Suesi>. 
turcica Bittn. 

Waldheimia refiexa Bittn. 
Spiriferina Suessi Winkl. 

cf. kmssenensis Zugm. 

Spiriqem 11'1 anzabini'i Bittn. 
,, oxykolpos Emmr. 

Retzia superbesescens Bittn. 
Rhynchonella fissicostata Suess. 

" 
le uantinct Bi ttn. 

,, Fugyeri Bittn. 
This fauna shows a decidedly Mediterranean character, with the solr 

exception of Pseudomonotis ochotica, which points to a connection of 
the Mediterranean. with the Siberian region. 1 Most of the fossils 
are identical or closely allied with species from Baalia Maaden. 
There is no affinity with the Upper Triassic faurne of the Himalayas. 

Fossils of Lower Triassic age-Pseudomonotis (Clamia) Clami and 
Tirolites sp.-were noticed from Djulfa (Armenia) by E. v. 
Mojsisovics.·'1 They occur in a quartzite series, which follows above 
grey marls and limestones containing Lima Footei Waag. Their strati
graphical position is considerably higher than that of the Permian 
Otoceras beds of Djulfa, but F . .Frech and G. v. Arthaber:; have not 

succeeded in fixing it exactly in Abich's section across the Araxes 

1 Psewlomonotis ochotica is also known from the Upper Triassic shales and sand
stones of Simferopol in the Crimea (G. v. Arthaber, Alpine Trias, Lethrea mesoz., 
Bd. I, p. 440). 

2 E. v. Mojsisovics : Zur Altersbestimmung der Sediment:erformationen in der 
Araxesenge bei Djulfa in Armenien, Verhandl. K. K. Geol. Reichsanst., 1879, p. 171. 

3 F. Frech and G. v. Arthaber: Ueber das Palaeozoikum in Hocharmenien und 
Persen, Beitrrege ziir Geol. ii. Pal. (Esterr. Ungarns etc., XII, 1900, p. 176. 
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valley. The presence of Tirolites is indicative of the Mediterranean 
facies of the Lower Trias in Armenia. 

Typical W erfen beds were discovered in Darwaz near Raman 
not far from the Afghan frontier by A. v. Krafft. 1 They consist 
of red sandstone, grey limestone, red and grey clay of enormous 
thickness (800 to 1,000 m.). Both the sandstone and limestone are 
rich in gastropods and bivalves. Ten species were determined by 
Bittner/ all of them characteristic elements of the Alpine Werfen 
beds. Thus the faunistic and lithological agreement is equally close. 

The difference betwee1 the Lower Trias of the Himalayas and of the 
Salt Range on the one hand, and of Darwaz on the other is very sharp, 
but not sharper than that between the Himalayan and Tibetan facies 
< f the Indian Trias. 

The presence of Triassic sediments in Oman near Elphinstone inlet, 
is still rather doubtful, although Myophoria mnanica Dien., which is 
nearly allied to the Alpine M. inaequicostata Klipst., indicates a Triassic 
age for some of the rocks.'; 

During the Middle and Upper Triassic periods Afghanistan was the 
western branch of the Indian zoo-geographical region. 

The fauna of the shales and sandstones of the Kara Koh in tllP 
province of Herat, which were discovered by C. L. Griesbach in 
1886, 1 is unfortunately known too little to fix its age with any 
certainty. The presence of coal measures, of Daonella Lommeli and of 
Jionotis salinarict. two bivalves standing widely apart in the strati
graphical scale of the Alpine Tri<ts, has been recorded by Griesbach. 
but the cursory field-determinations of these fossils have not been 
confirmed by any subsequent examination.'; 

The association of marine strata rich in Daonella, with terrestrial 
plant-bearing beds reminds us strongly of the development of the Upper 
Trias in Sumatra, as has been stated by Noetling. 

1 A. v. Krafft: Ueologische Ergelmi8se einer Reise <lmch <las Cham;t Unkharn, 
JJenkschr. Kais. Akad. d. Wissensch., Wein, LXX, 1901, PP· 49-72. 

2 A. Bittner: Jahrb. K. K. Geol. Reichsanst, 1898, 48 Bd., PP• 689-718. 
3 C. Diener, Xote on some fossils from the sedimentary rocks of Oman (Arabia).

Records, Geol. Sun-. of India, Vol. XXXVI, 1908, P· 156. 
4 C. J,. Grieshach: Field notes, ete. Records, Geol. i-'fon" of India, 1886, Vol. 

XIX. pp. 2:1ii-26i. 
i; Recent work in Afghanistan has tbrnwn considerable doubt on the accuracy 

of these determinations (Mem., Geol. Sun" India, Vol. XXXIX, Jl· 31).-Ev. 
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A large development of Upper Triassic rocks was disclosed in the 
highlands of the Pishin district (Baluchistan) by E. Vredenburg in 
1~01. 1 Monotis salinaria Schloth. and Halorites sp. ind. aff. subcatenato 
Mojs. point to a noric age. The shales including those species are 
probably homotaxial with the Monotis beds of Spiti and certainly not 
older than the middle noric (alaunic) substage. 

From the Himalayas of Nepal our knowledge of Triassic fossils is 
limited to a valve of Halobia comparable to H. Charleyana Mojs. 
and to the cast of a Ptychites belonging to the section ruqiferi, both 
of them represented in Wallich's collections from Muktinath, on the 
upper part of the river Kali or Buria Gandak, and south of Lob 
Mantang. A description of those scanty materials has been given 
recently by F. R. Cowper Reed. 2 

In Tonking the presence of the carnic stage has been established 
by Diener, who discovered Juvavites tonkinensis Dien., one of the 
species of the julic beds with Halobia comatet in the Bambanag section, 
among the materials brought from the source of the Red river by 
French offi.cers.'l A wide distribution of Triassic rocks has been recorded 
recently by Zeil, Lantenois, Camillon, 1\Iansuy, 1 in ihe environs of 
Lang-son and Binn-Lieuh. The fossils, which have been described 
by H. Mansuy,5 indicate the presence of Lower, Middle and Upper 
Triassic horizons. 

The Trias of Tonking consists of shales, sandstones and limestones, 
which have been folded very strongly. Xenodiscus cf. lissarensis Dien. 
and Pseudomonotis Griesbachi Bittn. are referable to the Lower Trias, 
perhaps to its lowest stage, the Otoceras beds. The occurrence of 
lnyoites cf. Oweni Hyatt et Smith and of an ammonite, which has 

1 E. Vredenburg: On the occurrence of a species of Halorites in the Trias of 
Baluchistan. Records, Geol. Surv. of India, 1904, Vol. XXXI, p. 162.-C. Diener: 
Notes on an Upper Triassic fauna from the Pishin district, Baluchistan, ibidem, 
1906, XXXIV, P· 12. 

2 F. R. Cowper Reed: Fossils from Kepal, Geol. Magazine, Dec. V, Xew ser., 
Vol. V, 1908, p. 261. 

3 C. Diener: Note sur deux especes d' Ammonites triassiques du Tonkin, Bull. 
Soc. Geol. de France, 3 ser., T. XXIV, p. 882. 

4 G. Zeill, H. Lantenois, R. de Lamothe: Contribution a l'etude geologique 
de I' Indochine, M em. Soc. Geol., IV ser., T. I., 1907, ~Iem. Ko. 4, p. 24. 

• H. Mansuy: Contribution geologique a la carte de l'Indochine, Palrontologie, 
Hanoi 1908, pp. 62-'73. 
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been compared to Columbites by Mansuy, points to a close faunistic 
affinity with the Lower Trias of Idaho and California. The determina
tion of Norites, which was quoted by Douville 1 in 18%, is rather 
doubtful. 

The presence of Muschelkalk is very uncertain. It might be inferred 
from a badly preserved specimen of Ceratites, recalling C. Airavata Dien. 

The fauna of the carnic stage is represented by the following 
species:-

Lima cf. subpunctata D'Orb. 
Pecten cf. tubulifer Muenst. 
Hoferia cf. auplicata Muenst. 
Hrernesia cf. Joannis Austrire Klipst. 
Palreoneilo cf. Faba Wism. 
Myophoria cf. inaequi costata Klipst. 

,, Goldfussi Alb. 

The noric stage is indicated by Clionites cf. Salteri Mojs., by some 
fragments of ammonites, which have been compared to Paratibetites 
Mojs. by Mansuy, by a species of Spiriferina, which is perhaps nearly 
allied to Sp. Griesbachi Bittn., and by a cast of a bivalve resembling 
Anodontop!wra Orie.~bachi Bittn. 

The development of the carnic stage in the vicinity of Lang-son 
differs considerably from that in the Himalayas. It exhibits a closer 
affinity with the homotaxial Triassic beds in south-eastern China, as 
represented by the fauna:i of Chungtien (Loczy) 2

, K wechou (Koken)3 

and A-mi-chu (Mansuy). 
The Triassic fauna discovered by L. von Loczy north of the great 

Buddhist temple of Chungtien in the valley of the Kingcha-Kiang, 
is imbedded in argillaceous shales, marls and sandstones. Its affinity 
with the German Muschelkalk has been overestimated. M yophoria 
elegans Dunk. is the only identical species. All the remaining forms 
point to a ladinic or carnic age, especially to the fauna of Rt. Cassian. 
This is a.lso the age of the fauna of Kwci-chou, according to Koken. 

I H. Douville, Hull. Soc. Geol. de Fwnce, 3 HPI'. I, XXlV, p. 454. 
i Die wissenschaftlichen Erµ-ebnisse der Reise rles Urafen Bela Szecbenyi iP 

Ostasien 1877-1880, Wien 1893, I, p. 738 III, Jl· 208. 
;l E. Koken: Uber triadsiche Bersteinerungen aus China, Neues Juhrb. f. Min. 

etc., 1900, I, pp. 186-215. 
4 Resultats de la mission geologiquc ct minierc dn Yunnan Meridional Sept. 

ID03-Janvicr 1904, Annalc8 de.< .Mines, l!J07, pp. 71, 172. 
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The two faunre are composed almost exclusively of Brachiopoda, 

Gastropoda and Lamellibranchiata, but have not yielded one singlc 
ammonite. A Himalayan fauna of this facies was discovered 
in the Grey beds of Spiti by H. Hayden and A. v. Krafft, but is 
certainly of younger age. The scientific mission to southern China 
in l 89g under command of M. Leclere discovered the beds with 
Myophoria Szechenyi Loczy near Sui-Longtien. By the expedition 
to Yunnan in l!l0:3 the presence of two Upper Triassic horizons has 
been recorded near A.-mi-chu and Yen-fen-chwang. The lqwer horizon 
corresponds to the bed with Myophoria Szechenyi, which in this sPctio11 
is associated with Daonolla indica Bittn. This association is a strong 
argument in favour of a ladinic or lower carnic age of the fauna of 
Chungtien. The second horizon is the equivalent of the Raibl beds 
or zone of Trachyceras aonoirles. It has yielded the following species 
of ammonites :-

Protrachyceras Thous Dittm. 
Trachyceras Suessii Mojs. 
Trachyceras austriacum var. tibetica Mojs. 

In the district of A-mi-chu the Triassic fossils are imbedde<l in 
limestones, shales and variegated sandstones, whiuh have been com
pressed into several sharp folds. 

The northern borderland of the Indian Triassic province corresponds 
to the southern shore of the Angara continent (Suess). It must have 
been shifted considerably to the south since the close of the anthra
colithic epoch. No rocks of Triassic age have as yet been found 
beyond the Semenow range near the boundary of North-eastern Tibet 
and the Chinese territory of Kansu. 

The extension of the Indian marine Trias into the Malay Archipelago 
has been proved by th<:: discovery of Triassic fossils in Wichmann's 
collections from the island of Rotti by Rothpletz. 1 But the researches 
of Voltz in Sumatra, Vogel in Borneo, Hirschi in Timor, G. Boehm 
in the islands of Serang, Savu and Misol, have carried the distribution 
of the distinctive faunre of the carnic and noric stages still further 
to the east and west. 

1 A. Rothplet.z: Die Perm Trias-und Juraformation auf Timor und Rotti im 
Malayischen Archipel. Palreontographica, Vol. XXXIX, p. 89. 
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Hutti is the c:assical locality in the Malay Archipelago, from which 
the first Triassic fossils were described in 1892 by Rothpletz. He 
distinguished a lower limestone and marl of carnic and a younger 
reddish-yellow limestone of noric age. This classification has been 
proved to b3 entirely correct, al~hough a revision of the fossils by Renz1 

and Wanner:? has led to some alterations in the determination of the 
species. 

The leading fossils of the lower or carnic horizon are Daonella Wich

manni Rothpl. and D. styriaca Mojs. In the upper or noric horizon 
Pseudornonotis ochotica var. densistriata Tell. predominates. Halobia cf. 
Hoernesi Mojs., H. cf. norica Mojs., H. cf. lineata Muenst. point also 
to a probably noric age, but have not been found associated with the 
casts of Pseudornonotis ochotica, according to Rothpletz. 

In Sumatra W. Voltz:; has acquainted us with a rich development 
of the carnic stage near the source of the Kwalu river. The Triassic 
beds consist of a yellow clay, about 600 feet in thickness, which is over
laid conformably by a series of sandstones, the average thickness of which 
amounts to 1,600 feet. In the sandstones thin bands of grey clay are 
intercalated irregularly. They contain casts of bivalves and numerous 
plant remains. This development has been compared with the coal
bearing Trias in the Afghan province of Herat by F. Noetling. 

The yellow shaly clay at the base of the Kwalu sandstone has yielded 
Daonella styriaca Mojs. and D. cassiana Mojs. From the grey clay 
intercalated with the sandstone one species of Daonella and four of 
Ii alob1:a have been quoted by Voltz. All of them are new species, with 
the exception of a Halobia, which is probably identical with the Alpine 
H. Charlyana l\fojs. From this fauna the carnic age of the entire 
series is evident. 

From Kendai, in south-eastern Borneo, crumbling shales, rich in 
casts of Monotis salinaria Schloth., have been quoted by F. Vogel. 1 

1 C. Renz: Timol' um\ Rotti in Noctlin11, AsiatiochP Trias, I.e., p. 2ll, - Veller 
/lalobia und Daonella aus Griec\1C'nland nrhst asiatischcn Vergleichstt1ccken, 
.Veues Jahrb. f. Min. etc., 1906, I, p. 37. 

2 T. ·wanner: Triaspetrefakten der .Molukken und des Tirnorarchipels, in (;, 
13oehm, Geologische Mitteilungcn aus dem Indo-austral. Archipcl, Xeues Jahrb. 
/.Min. etc., Beilagebd. XXIV, 1907. 

4 W.Voltz: Beitnege zm· geol. Kcnntniss von Xorcl Numatra. Zeifschr. Deutsch, 
Geol. Ges., LI, PP· I-GI. 

F. Vo gel : Beitncge zur Kenntnis <ier mesozoischen Formaiioncn in Borneo, 
Sauirnlgn, d. Oeol. Reichsmuseurns in Leiden, ser. I, Bd. VII, HJ02, p. 217. 
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It is impossible to decide whether or not this determination was correet 

since both Pseudomonotis ochotwa and Monotis salinaria have been 
proved to occur in the Upper Triassic rocks of the Malay Archipelago. 

Our knowledge of the Trias of Misol and Savu is very limitecl. 
Among the collections gathered from those islands by G. Boehm, Dao
nella Wintana from the shales of Lilinta (Misol) is identical with a 
species from the carnic beds of Sumatra. In the island of Savu the 
presence of Upper Triassic beds has been proved by the discovery of 
Asteroconites savuticus Boehm. According to the present state of 
our knowledge the genus Asteroconites is restricted to the noric stage 

of the Alpine Trias. 
In eastern Serang a rich development of marine shales, san<l

stones and limestones of noric age was discoverel by J. W anncr 
in 1901. It has yielcied the following species :-

M ontlivaltia moluccana Wann. 
Thecosmilia nov. sp. ex. afj. clathratae Emmr. 
Pachypora intabulata Wann. 
Halorella amphitoma Bronn. 

, , plicatifrons Bittn. 
,, rectifrons Bittn. 

M onotis salinaria Schloth. 
Amonotis Rothpletzi Wann. 
V anikoro serangensis Wann. 

The facies of the noric beds in Serang recalls strongly the carnic 
Kwalu sandstone oE Sumatra.. In the sandstones of Serang which 
occasionally pass into pure quartzites, plant remains and coal seams 
are met with rather frequently. 

The fossils collected in the Triassic areas of Timor by Verbeek and 
Hirschi 1 and described by Wanner, belong to at least three different 
Triassic horizons. Dinarites (Liccaites) Hirschii Wann., represents a type 
of this genus which in the Mediterranean Triassic province is charac
teristic of the upper Werfen beds. It would therefore point to a Lower 
Triassic age. Koninckina alfurica Wann., which is associated with 
indeterminable Halobim of the rugosa group, from Bahabubu (Portu
guese Timor), Daonella indica Bittn. and D. cf. styriaca, which have 

1 H. Hirschi: Zur Gcographie und Geologie von Portugiesisch Timor, Neues 
Jahrb. /. Min. etc., .Beilagebd, XXIV, 1907, p. 460. 
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not been found in situ, must be assigned to the carnic stage. The 
same conclusion is arrived at with respect to Halobia moluccana, a 
species allied very nearly to H. Charlyana Mojs., from Meta Mano Ledo. 
A reddish-yellow limestone, agreeing lithologically with the Pseudo· 
monotis bed of Rotti, has yielded a cast of Pseudomonotis ochotica var. 
densistriata. This limestone must consequently be considered to be of 
noric age. 

The Upper Triassic faunre of the Malay Archipelago are distinguished 
by their close relationship to Indian and Mediterranean forms. The 
Halorella limestone of Serang agrees entirely with the Halorella lim e 
stone of the Eastern Pamir. The true Monotis salinaria, so often 
incorrectly cited, occurs in the two rock groups. It is a type charac
teristic of the Tethys, both in the Mediterranean and Indian regions. 
It is replaced by the group of Pseudomonotis ochotica in the Siberian 
and Pacific regions. It is only in the noric stage of Rotti that we find 
this Pacific type, which otherwise seems to be excluded from the Indian 
Upp er Trias. 

Thus the Malay region appears to have formed a connecting link 
between the Indian and Pacific Provinces during the Upper Triassic 
period. A similar connecting link between the Alpine and Siberian 
development of the Upper Trias is indicated by the noric beds of the 
Crimea and of the Caucasus, where Pseudomonotis ochotica is associated 
with a large number of brachiopods of truly Mediterranean type. 

In the south of foe Himalayan Mesozoic belt the Triassic Tethys 
was bordered by the old continent of Gondwanaland, the counterpart 
of the Angara continent to the north. But south-east of the Malay 
Archipelago an uninterrupted open connection must have existed be
tween the Indian and Pacific oceans of the Upper Trias. This is evident 
from the astonishing influence of Indian and even Mediterranean 
elements on the Triassic faunre of New Caledonia. 

According to the valuable data which have been obtained recently 
liy Piroutet, 1 there can now be no doubt as to the fact that in the 
marine Trias of New Caledonia several horizons exist comprising equiva· 
lents of the noric, carnic and even ladinic stages. 

Two facies may be distinguished among the Triassic beds of this 

I M. Piroutet, Note sommaire sur le Trias de la Kouvelle CaJl,donie, Bull., Soc. 
Geol. de .Prance, 4 ser. t, VIII, 1908, PP· 324-32U. 
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island. The eastern facies is represented by graphitic argillaceous 
shales with Pseudonwnotis RU:hrrwndiana Zittel, which must be consi
dered as deposits of considerable depth. The deposits of the western 
facier have been formed near the ancient shore. They are much 
thicker and partly rich in fossils. Their entire thickness is about 
:J,000 metres. Three main divisions are distinguishable among them. 

The lowest division, attaining a thickness of nearly 1,000 metres, 
l unsists of basal conglomerates, argillaceous sandstones and shales, in 
which a mighty series of trachytic tufa and breccia is intercalated. One 
single fragment of Orthoceras only has been found near the base. The 
stratigraphical position of this division, which some geologists have 
correlated with Upper Palreozoic beds, is consequently uncertain. 

The middle division has been divided into seven horizons by Piroutct. 
It consists of shales, clay, grauwacke, andesitic tufa and breccia. The 
owest horizon is a bed with Halobia Zitteli Lindstr. and llalobiu 

/{ waluana Volz. The first species is one of the leading bivalves of the 
shales and Myophoria sandstones of Bears Island 1 and of the calcareous 
shales of the Eureka sound. 2 The second species has been quoted from 
the grey Daonella clay of Sumatra by Volz. Thus this horizon is 
probably of carnic, not of ladinic age, as has been suggested by Piroutet. 

This lowest horizon is overlaid by a bed with Mytilus problemalicus 
Zittel and with large species of Spirigera and Spiriferina. 

Then follows a bed very rich in fossils, which represent rather 
conflicting characters. With several species of Halobia of typical 
carnic habit numerous brachiopods are associated, all of them Mediterra
nean forms, but characteristic of different stratigraphical horizons of 
the Alpine Trias. Spiriferina fragilis Schloth., Rhynchonella decurtata 
var. dalmatina Bittn., var. devota Bittn are indicative of the Muschel
kalk, Spiriferina Lipoldi Bittn., Spiriferina 1Jregaria Suess, Retzi·a Zadina 

Bittn., Retzia quadricosta Muenst., Spirigera contraplecta Muenst., 
Spirigera indistincta Beyr., Terebratula Oppeli Lbe. of the St. Cassian 
and Raibl beds, Halorella sp., Rhyiwhonella angulifrons Bittn., Rhyncho
nella salinaria Bittn. even of the noric Hallstatt limestone and Dach
steinkalk. 

--------------------- -

l J. Boehm: Ueher-die ohertriadische Fauna der Brereninsel, Konigl, Si:enska 
l'eten8l:. Akad. l!undl., Vol. XXXVII, No. 3, HJO:l, Jl· 30. 

2 E. Kitti: Die Triasfossilien vom .Eurekasund, Report second Sorm·gian .-I relic 
Expedition " Fram," No. 7, 1907, p. 14. 
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In the three following horizons very large species of Spiriferina and 
Spiriyem, belonging chief!? to thl' group of SJ>. IFreyi Zitt., predomi
nate. From the uppermost of those three horizons al I the ammonites 
hitherto known have been collected. lksidcs Rltncu111tyllites cf. neoju
rensis Quenst. and Stenarcestes nov. sp. ind. described by K v. Mojsiso
vics (Ammonites triasiques de la Nouvelle Caledonie, Compte Rendii 
Acad. des Sciences, Paris, 18, Novembre 1895), several indeterminable 
species of Arcestes have been found by Piroutet, among them repre
sentatives of the groups of intuslnbiati, hicarinnti, coloni, sublabiati. 

This cephalopod-bearing horizon is overlaid by a bed containing 
numerous bivalves, among them Halobia austriaca Mojs., H. cf. Siiessi1: 
:\fojs., H. cf. celtica Mojs., H. cf. comata Bittn. Those species point to 
the carnic stage as decidedly as the ammonites of the preceding horizon 
to the noric stage. In the topmost beds of this division an amalgama
tion of carnic and noric elements seems to exist, which recalls the 
two different faunre-one with carnic and the other with noric affinities 
-in the Tropites limestone of Byans. 

The highest division of the Trias in New Caledonia agrees with the 
middle one lithologically, if we except the occasional intercalation of 
calcareous sandstones, but is of very considerable thickness (about 1,800 
metres). It has yielded Halobia rarestriata near its base and Pswdomo
notis Richmondiana in the upper part of the series, together with plant 
remains. It is only in this horizon of undoubtedly noric age, that the 
Alpine fauna is replaced entirely by an element characteristic of the 
Arctic-Pacific province. 

The affinities of the Triassic faunre of New Caledonia with the 
Indian and Mediterranean faunre are so close, that the Trias of this 
island can scarcely put in a claim for being separated from the Indian 
Triassic province as a special faunistic district. 

No more recent data are available respecting the Triassic deposits of 
New Zealand, which belong to the noric stage. In South America the 
presence of the marine Trias has been denied altogether by Steinmann, 1 

who examined the section of Utcubamba in Peru, where the fossils 
reported hitherto as Triassic had been collected. Those fossils, which 
had been assigned to the Upper Trias by E. v. Mojsisovics (Pseudomo
notis ochotica, Metasibirites, Helictites) have their habitat in a bed 

1 G. Steinmann, Keine marine Trias in Suedamerika, Cenlralblatt, f· Min, etc., 

Hl09, P• l. 
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stratigraphically younger than the lower lias with Agassizeras globosum. 
The results of the detailed palreontological investigation of the faunre 
from the valley of Utcubamba must be awaited before our uncer
tainty about the exact position of the South American beds with 
Pseudomonotis ochotica can be removed. 

We have become acquainted with a wide extent of the Indian 
Triassic fauna from the province of Herat to New Caledonia. Over this 
large area the successive faunre wrre distributed uniformly and had the 
same vertical range. But although the sediments were once continuous, 
a tolerably complete and connected account of their succession can only 
be constructed for the Himalayan region. In this district we have an 
uninterrupted development of Cephalopoda, which enables us to decide 
the enigmatical question as to the habitat of some cryptogene types. 

It has been shown that Xenodiscus ranges from Permian into Lower 
Triassic strata, undergoing several modifications, among which the ffiOst 
typical genera of Lower Triassic ammonites might be found. The most 
important phylum of Triassic ammonites has its root in the Indian 
genus Xenodiscus Waag., but Xenodiscus, Xenaspis, Ophiceras, Meeko
ceras are all so closely allied at the commencement of the Mesozoic era, 
that it is barely possible to point out a distinct ancestor to every 
Triassic genus within this stock of radicals. 

Meekoceras itself is probably a descendant of Ophiceras, more parti
cularly of the type with a narrow umbilicus, which is reprei;ented by 
0. Sakuntala. Another branch of the genus Ophiceras is Flemingites, 
an intermediate shape between the two genera, Fl. prmnuntius, having 
been described by Frech. But with equal reason some other species of 
Flemingites might be referred to Xenodiscus, as is demonstrated by the 
remarkable agreement of Flemingites radiatus Waag. with Xenodiscus 
plicatus Waag. 

An important branch of discoidal ammonites with adventitious 
lobes certainly originated from Meekoceras. Hedenstrmmia is also 
connected with this genus most intimately by Clypites Waag. (group of 
Heiknstrmmia lilangensis Kr.). Types specialized more strongly are 
Aspenites Hyatt and Pseudosageceras Dien., which is connected with 
Heikntrmmia by a fragmentary species from the Meekoceras beds of 
Spiti. 

Proavites, Proptychites, Beyrichites are all probably descendants from 
Meekoceras which have retained the originally smooth shells. But 
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there is some probability of Meekoceras being also the root from which 
a large phylum of Ammonea trachyostraca originated. Forms of Meeko
ceras with a faintly developed ornamentation, which crosses the 
external part (M. H odgsoni Dien.) belong to a geneti0 series leading to 
Sibirites in the upper division of the Lower Trias and to Acrochrodiceras 
in the Muschelkalk. 

But the most important Indian family of Triassic Trachyostraca, the 
Cerat1:tid(J3, probably originated from Xenodiscus. This is pretty certain 
at least for the group of Ceratites circumplicati (Hollandites). Ceratites 
pumilio, the oldest representative of the genus, agrees with typical 
species of Hollandites in the shape of its cross section and in the pattern 
of its sculpture, with Xenodiscus in the developm~nt of its sutures and 
in its comparatively wide umbilicus. 

The restriction of Tirolitid(J3 to the Mediterranean province during 
the Scythian period, emphasized by E. v. Mojsisovics in 1896, has not 
been confirmed by later researches, but their sporadic appearance clearly 
proves them to have been immigrants from the Mediterranean region, 
not autochthonous elements, such as the Meekoceratid(J3 and Xenodiscid(J3. 
Dinarites also became independently developed within the Mediter
ranean and Boreal provinces, but cannot be regarded as an ancestor of 
the Indian Ceratitid(J3. 

The Indian Lower Trias is entirely deficient in Arcestoidea, which 
make a sudden simultaneous appearance both in the Himalayan and 
Alpine Muschelkalk. The considerable temporary intermittence 
between J oannites and the Permian Cyclolobus makes a genetic connec
tio:i between those two genera. questionable. 

A second stock of cryptogene types, the Haloritid(J3, which were not 
known to E. v. Mojsisovics before the carnic stage have been 
discovered recently in the Muschelkalk, where Smithoceras is a peculiar 
representative of this family. This fact proves the HaloritidaJ to be 
an endemic element of the Indian province. But the problem of the 
habitat of Haloritid(J3 during the ladinic and lower carnic periods 

still remains undecided. 
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Vl.-GEOGRAPHICAL INDEX. 

Latitude. I Longitude, Pages; 

A 

Aktash 42 10 69 <o 116 

B 

llalamEali 
·1 

15, 2, 289 

Ilalchdbura 30 48 to 16 132, 136 

Ilambanag Cliff 30 4() so 11 2, 6, 7, 8, 57, 60 61, 
62, 71, 75, 76, ~!!, 
92, 103-105, 109-
112, 115, 119, 120, 
125, 126, 128, 132 
134, 141, 150 

Damm 31 50 78 13 133 

c 
Chabrang 32 8 78 15 95, 101 

Chaldu R. ·1 30 43 80 ~3 134 

Chandra valley 32 30 77 30 ~9 

Chidcru 
·1 

82 34 71 49 / 35 

Chidamu (E. G.) :1 30 42 80 14 i02 

Chitichnn 1E. G.) 30 40 &O 21 134. 

Chitichnu No. 1 . 30 41 80 21 (i, 14, 133, 134, l3fi 

D 

Dank liar 32 5 78 16 15, 28, 29 

Darwaz 
·1 

38 30 71 0 146, U9'. 

Dbarma vallPy 30 27 80 35 25, ~6, CS, 

Drns vallPy :1 34 2G 75 45 28, 29, 67 
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I 

G 
I 

Gandak R. - 27 25 84 0 ! 150 

Giumal 32 10 78 14 101 

Girthi valley 30 44 80 8 67, 92 

Gnryul re.vine 34 6 75 0 30, 67 

Gyundi R. 32 20 77 54 6'' . ~ 

H 

Hansi 3:l 27 77 5G :JO 

Hop Gadh 31 23 70 18 67, O:l 

J 

Jandi Paes 31) !O EO 13 )(15 

Jolinka 30 20 so 46 26, 27, 33, iH, 60, 70 

K 

Kaga 32 3 - 5 71, 95 . I 

Kalapa.ni 27, 69, 70, 78, 117, 

I 
118-121 

Kali R. 29 0 80 10 119 

Kara Koh 34 40 6 0 149 

Karo.koram Pass 35 32 77 55 116 

Khar 32 78 8 116 

Ki 32 21 78 4 100 

Kiangnr (E.G.) 30 30 80 14 102 

Kibber 32 20 7S 4 100 

Kioga.rh Cbo.ldn Pass 30 43 80 19 134 

Kioto . 32 26 77 58 115 

Kiungluug 30 57 70 56 22 

Kuti . 30 18 80 51 26, 27, 121 

Kuti Yangti R 30 IO 80 47 119 

KnliDg 32 3 78 9 5 

Kunzum Pass 32 24 77 42 29 
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I Latitude. Longitude. Pasres. I 

L I 

Lanka (E. G.) .I 30 36 80 15 92, 105 
Lilaug , .1 32 9 78 18 15, 21, 25, 28, 30, 31, 

I 32, 56, 61, 62, 87-
89, 94 - 98, lll, 117 . 
141 ' 

Lilinthi 27, 121 

Lingti Sumclo 32 57 77 32 115 
i Lissar valley 30 33 80 23 : 8, 25, ~6, 68, 76 
I 

Lochambelkichak (E.G.) 30 41 80 23 134 

Losar 32 26 77 49 129 

I 
M 

l\Ialla Johar 30 2::1 80 13 13li, 138, 139, 141 

Malla Kiogarh (E.G.) 30 46 80 18 13G 

Mani I 
32 1 78 19 ' 98, Ill, 117 . i 

! 1\Iilam 30 28 80 11 '67 
I l\Iuktinath 28 33 83 47 1150' 

Muth 31 57 78 6 15, 16, 19, 2f., 33, 61 
71, 87. 

N 

Nabi 120 

Nia Sumllo, Karuag 32 40 78 20 115 

Niti P,tSS 30 58 'i9 53 3, 9, 15, 22, 92, 118 

p 

Padam 33 28 76 53 67 

Paukpo Pass 32 48 78 5 115 

Para valley 32 34 78 15 !.'9 

Paetuni 33 59 75 8 29 

Pin valley 32 4 78 11 8,Jl 

Poma.rang 32 2 78 23 54 

R 

Ra.lphu Glaoier 30 24 80 26 76 
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Latitude. I Longitude. Pages. 
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----- ··--

s 
Saugcha Talia (E. G.) 30 46 80 15 136 

Semcnow Bange 3G 0 99 0 41 

Shalshal Clilf 30 49 80 4 2, 5-9, 11, 20-2~. I 24. 30-32, 44, 47. 
, 58, 60, 61, G;J, li8. 
i 69, 71, 75, 77, 8:!, 

89, 92, 93, 101, IO:;, 
105, 109, llO, 1:3:!, 
134, 138, 141 

81111.rgol 34 23 7G 16 ll5, l JG 

Sonamarg 34 18 75 20 
I, 67 

T 

Tera Gadh 
· 1 

121 

Thanam valley 31 50 78 27 71 

Tikha 
·1 

32 9 78 18 88 

Tsang Tsok La 
·1 

31 20 79 1G 67 

Tsarap va.lley :1 32 45 77 45 67 

u 
Uttardhura . 30 34 80 H 67, 92 

v 
Vihi 34 4 75 0 30 

Virgal , 
'I 32 26 72 6 s:; 
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VoL. XVIII, 1885. 

Part 1.--l~nual, report for 1884. Country between Singareni coal-field and Kistna river. 
<;;eolog1cal. sKetc~ of cou!1try between Singareni coal-field and Hyderabad. Coal and 
limestone in Do1grung river near Golaghat Assam. Homotaxis, as illustrated from 
Indian formations. Afghan field notes. ' 

Part 2.-Fos~iliferous se!ies . in Lower Himalaya, Garhwal. Age of l\landhali series in 
Lower Hunalaya. S1walik camel (Camelus Antiquus, nobis ex Falc. and Caut. MS.). 
Ge~logy of Chamba. Probability of obtaining water by means of artesian wells in 
pl~ms of Upper India. Artesian sources in plains of Upper India. Geology of Aka 
Hills. Alleged tend_ency of Arakan mud volcanoes to burst into eruption most 
frequently durrng rams. Analyses of phosphatic nodules and rock from :\lussooree. 

Part 3.-Geology of Andaman Islands. Third species of Merycopotamus. Percolation as 
affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in 
T~ayetmyo district, British Burma. Antimony deposits in Maulmain district. Kash
mir earthquake of 30th l\lay 1885. Bengal earthquake of 14th July 1885. 

Part 4.-Geological work in Chhattisgarh division of Central Provinces. Bengal earth
quake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations in 
Billa Sul'gam caves. Nepaulite. l::labetmahet meteorite. 

VoL. XIX, 1886. 
Part 1.-Annual report for 1885. International Geological Congress of Berlin. Palreozoic 

Fossils in Olin group 0£ Salt-range. Correlation of Indian and Am<tralian coal
bearing beds. Afghan and Persian Field-notes. Section from Simla to Wi.ngtu, and 
petrological character of Amphibolites and Quartz Diorites of Sutlej valley. 

Part 2 (out of print).-Geology of parts of Bellary and Anantapur districts. Geology of 
Upper Debing basin in Singpho Hills. :Microscopic characters of eruptive rocks from 
Central Himalayas. Mammalia of Karnul Caves. Prospects of finding coal in 
Western Rajputana. Olive group of Salt-range. Boulder-beds of Salt-range. Gond
wana Homotaxis. 

Part 3 (out of print).-Geological sketch of Vizagapatam district, Madras. Geology of 
Northern J esalmer. Microscopic structure of Malani rocks of Arvali region. Malanj
khandi copper-ore in Balaghat district, C. P. 

Part 4 (out of print).-Petroleum in India. Petroleum exploratio'l at Kha.tan. Boring.in 
Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3, Turkistan, Fiery 
eruption from one of mud volcanoes of Cheduba Island, Arakan. Nammianthal 
aerolite. Analysis of gold dust from Meza valley, Upper Burma. 

VoL. XX, 1887. 
Part ].-Annual report for 1886. Field-notes from Afghanistan : No. 4, from Turkistan 

to India. Physical geology of West British Garhwal; with notes on a route traversed 
through Jaunsar-Bawar and Tiri-Garhwa!. Geology of Garo Hills. Indian image· 
~tones. Soundings recently taken off Barren Island and N arcondam. Talchir boukler
beds. Analysis of Phosphatic Nodules from Salt-range, Punjab. 

Part 2.-Fossil vertebrata of India. Echinoidea of cretaceous series of Lower Narbada 
Valley. Field-notes: No. 5-to accompany geological sketch map of Afghanistan and 
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps. 
Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of 
Salt-range in Punjab. . 

Part 3 (out nf pri11t).-Retirement of :\Ir. :\Iedlicott. J. B. :\Iushk~toff s Geology of 
Russian Turkistan. Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, 
and Kumaun. Section I. Geologv of Rimla and Jutogh. ' Lalitpur ' meteorite . 

.Part 4.-Points in Himalayan geo
0

logy. Crystalline and. metamorphic .rocks of !--ower 
Himalaya, Garhwal and Kumaon, Section II. Iron mdnstry of western portion of 
ltaipur. Notes on' Upper Burma. Boring exploration in Ch:i-tt_isgarh c~al-fields. 
(Second notice). Pressure Metamorphism, "ith reference to fohat10n of Himalayan 
Gneissose Granite. Papers on Himalayan Geology and Microscopic Petrology. 

VOL. XXI, 1888 . 
.Part 1.-Annual report for 1887. Crystalline and metamorphic rocks of Lower H~malay~, 

Garhwal, and Kumaun, Section III. Birds'-nest of Elephant Island, Mergm Archi
pelago. Exploration of Jessahner, with a view to discovery of. coal. Facetted pe~ble 
from boulder bed ('speckled sandstone 'j of Mount Che! m Salt-range, Pun1ab. 
Nodular stones obtained off Colombo. 

Part .!.-Award of Wollaston Gold Medal, Geological Society of London, 1888. Dh~rwar 
System in South India. Igneous rocks of Raipur and Balaghat, Central Provmce1. 
Sangar Marg and Mehowgale coal-fields, Kashmir. . 

-Part /J (out of print).-Manganese Iron and Manganese Ores of :Jabalpur .. ' The Cl!-rhom
ferous Glacial Period.' Pr,e-tertiary sedimentary format10ns of Simla region nf 
Lower Himalayas. 
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Part 4.-lndian fossil vertebrates. Geology of North-,Vest Himalayas. Blown-sand rock 
sculpture. Nummulites in Zanskar. Mica traps from Barakar and Raniganj. 

VoL. XXII, 1889. 
Part 1 (out of print).-Annual report for 1888. Dh~rwar System i_n South India. Wa_jra 

Karur diamonds, and 1\1. Chaper's alleged discovery. of diamonds m pegmat~te. 
Generic position of so-called Plesiosauru;; lndicus. Flexib.le sand~t?~e or I~aco~umite, 
its nature, mode of occurre;nce in India, and cause of its fl.exib1hty. S1wahk and 
N arbada Chelonia. 

Part S (out of print).-Indian Steatite. Distorted pebbles in Siwalik GJnglomerate. 
"Carboniferous Glacial Period." Notes on Dr. W. Waagen's " Carboniferous Glacial 
Period." Oil-fields of Twingoung and Berne, Burma. Gypsum of N eh al N adi, 
Kumaun. Materials for pottery in neighbo~ood of Jabalpur and Umaria. 

Part 3 (out of print).-Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in 
Neobolus beds of Salt-range. Geological notes. Cherra Poonjee coal-field, in Khaaia 
Hills. Cobaltiferous Matt from Nepal. President of Geological Society of London 
on· International Geological Congress of 1888. Tin-mining in l\lergui district. 

Part 4 (out of print).-Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. 
Assavs from Sambhar Salt-Lake in Rajputana. Manganiferous iron and ~Ianganese 
Ores· of Jabalpur. Palagonite-bearing traps of R:ijmabRl hills llDd Deccan. Tin
smelting in ~Ialay Peninsula. Pro\·isional Index of Local Distribution of Important 
Minerals, Miscellaneous Minerals, Gem Stones and Quarry Stones in Indian Empire. 
Part 1. 

VoL. XXIII, 1890. 
Part 1.-Annual report for 1889. Lakadong coal-fields, Jaintia Hills. Pectoral and pelvic 

girdles and skull of Indian Dicynodonts. Vertebrate remains from Nagpur district 
(with description of fish-skull). Crystalline and metamorphic rocks of L.,wer Hima
lavas, Garhwal and Kumaun, Section IV. Bivalves of Olive-group, Salt-range. 
l\lud-banks of Travancore coasts. 

Part S (out of print).-Petroleum explorations in Harnai district, Baluchistan. Sapphire 
~lines of Kashmir. Supposed l\Iatrix of Diamond at Wajra Karur, l\Iadras. Sonapet 
Gold-field. Field notes from Shan Hills (Upper Burma). New species of Syring
osphreridre. 

Part S (out of print).-Geology and Economic Resources of Country adjoining Bind-Pishin 
Railway between Sharigh and Spintangi, and of country between it and Kbattan. 
Journey through India in 1888-89, by Dr. Johannes Walther. Coal-fields of Lairungao, 
Maosandram, and Mao-be-lar-kar, in the Khasi Hills. Indian Steatite. Provisional 
Index of Local Distribution of Important Minerals, Miscellaneous l\Iinerals, Gem 
Stones, and Quarry Stones in Indian Empire. 

Part 4 (out of print).-Geological sketch of Naini Tai; with remarks 011 natural conditions 
governing mountain slopes. Fossil Indian Bird Eone~. Darjiling Coal between Lisu 
and Ramthi rivers. Basic Eruptive ·Rocks of Kadapah Area. Deep Boring at Luck
now. Coal Seam of Dore Ravine, Hazara. 

VoL. XXIV, 1891. 
Purt 1.-Annual report for 1890. Geology of Salt-range of PunjaL, with re-considered 

theory of Origin and Age of Salt-Marl. Graphite in decomposed Gneiss (Laterite) in 
Ceylon. Glaciers of Kabru, Pandim, etc. Salts of Sambbar Lake in Rajputana, and 
•Reh' from Aligarh in North-Western Prvinces. Analysis of Dolomite from Salt
range, Punjab. 

Part f.-Oil near J\foghal Kot, in Sherani country, Suleiman Hills. Mineral Oil from 
Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States. 
Reported Namseka Ruby-mine in Mainglon State. Tourmaline (Schor!) Mines in 
Maing!On State.-Salt-spring near Bawgyo, Thibaw State. 

Part 3 (out of ]Jrint).-Boring in Daltongunj Coal-field, Palamo'"· Death of Dr. P. l\Iartin 
Duncan. Pyroirenic varieties of Gneiss and Scapolite-bearing Rocks. 

Part 4--~Iammalian Bones from Mongolia. Darjiling Coal Exploration. Geology and 
Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab. 

VoL. XXV, 1892. 
Prut 1.-An~tial report for 1891. Geology of Thal Chotiali and part of Mari country. 

Petrol?g1cal Notes o~ Boulder-bed of .Salt-range, Punjab. Sub-recent an<l Recent 
Deposits of valley plarns of Quetta, Pishin, and Dasht-i-Bedaolat; with appendices on 
Chamans of Q!letta; and Artesian water-supply of Quetta and Pishin . 

• Part S (out of. print).-Geology of Safed Koh. Jherria Coal-field. 
Part 3.-Lo~ahty of Indian Tscheffkinite. Geological Sketch of country north of Bhamo. 

Economic re~ources of Amber and Ja.de mi.nee area in Upper Burma. Iron-ores and 
l~on Industries of Salem District. Riebeck\ite in India. Coal on Great Tenaaeerim 
River, Lower Burma. 

12 



Part 4.-0il Sprii;igs at ~1o!lhal Kot in S~irani Hills. Mineral Oil from Suleiman Hills. 
New Amber-like ResID ID Burma. Tr1aBeic Deposits of Salt-range. 

Voi:.. XXVI, J893. 

Part ~.-Annual r~port ~or 1892. Central Himalayas. Jadeite in Upper Bu~ma. Bur
fe~f:e2~w Fossil Res1D from Upper Burma. Prospecting Operations, Mergui District, 

Part 2.-:--Earthquake i"!I Baluchistan of 20th December 1892. Burmite, new amber-like 
fossil resm from lJ pper Burma. Alluvial deposits and Subterranean \Yater-supply of 
Rangoon. 

Part 3.-Geo!ogy of Sherani Hills. Carboniferous Fossils from Tena~serim. Boring at 
Chandernagore. Granite in Tavoy and i\Iergui. 

Part 4.-Geologz of c01.~ntry betwee!l Chapl!ar Rift and Harnai in Baluchistan. Geology 
of part _of 1ena~s~nm Valley with special reference to Tendau-Kamapying Coal-field. 
Magnetite conta1mng Manganese and Alumina. Hislopite. 

Voi:. .. XXVII, 1894. 
Part !.-Annual _report for 1893. Bhaganwala Coal-field, Salt-range, Punjab. 
Part .? (nut r,t JJmd).-Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). 

Gohna Landslip. Garhwal. 
Part f; (out of pri11l).-Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) 

Coal-fields. Chipped ( ?) Flints in Upper )liocene of Burma. Velates Schmideliana, 
Chemn., and Provelates grnndis, Sow. sp., in Tertiary Formation of India and Burma. 

Part 4.-Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System 
of Baluchistan. Highly Phosphatic i\Iica Peridotites intrusive in Lower Gondwam~ 
Hocke of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal. 

VoL. XXVIII, 1895. 
Part !.-Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion 

to"Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1894. 
Part 2.-Cretaceous Rocks of Southern India and geographical conditions during later 

cretaceous times. Experimental Boring for Petroleum at Sukkur from October 1893 
to March 1895. Tertiary system in Burma. 

Part $.-Jadeite and other rocks, from Tammaw in Upper Burma. Geology of Tochi 
Valley. Lower Gondwanas in Argentina. 

Part 4.-Igneous Rocks of Giridih (Kurhurbaree) Coal-field and their Contact Effects. 
Vindhyan system south of Sone and their relation to so-called Lower Vindhyans. 
Lo,,-er Yindhyan area of Sone Valley. Tertiary system in Burma. 

VoL. XXIX, 1896. 
Part !.-Annual report for 1895. Acicular inclusions in Indian Garnets. Origin and 

Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic rocks. 
Part 2.-Ultra-basic rocks and derived minerals of Chalk (Magnesite) hills, and other 

localitie" IH'<ll' Salem, )faclras. Corundum localities in Salem and Coimbatore districts, 
Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography 
of " Gondwanaland." Notes. 

Part 9.-Igneous Rocks from the Tochi Valley. Notes. 
Part 4.-Steatite mines, 1\Iinbu district, Burma. Lower Vindhyan (Sub-Kaimu1) area of 

Sone Valley, Rew:·h. Notes. 

VoL. XXX, 1891. 
Part J.-Annual report for 1896. Norite and associated Basic Dykes e.nd Lava-flows in 

Southern India. Genus Vertebraria. On Glossopteris and Vertebraria. 
!'art E.-Cretac·eons Deposits of Ponclicheni. Notes. 
Part 9.-Flow structure in igneous dyke. Olivlne-norite dykes at Coonoor. Exce.vationa 

for corundum near Palakod, Salem District. Occurrence of coal at Pe.Jana in Bikanir. 
Geological specimens collected by Afghe.n-Baluch Boundary_ Commissio11; of. 1896. 

Part 4.-~ emalite from Afghanisti.n. Quartz-barytes rock m Salem district, Madras 
Presidency. \Yorn femur of Hippopotamus irravadicus, Ce.ut. and Fe.I?·• fr?m Lower 
Pliocene of nurma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on 
micas. Notes. · 

VoL. XXXI, 1904. 
Part 1 (out of print).-Prefatory. Notice. Copper-ore. near Komai, Darjeeling. d!etr!ct. 

Zewan beds in Vihi district Kashmir. Coal deposits of Isa. Khel, Miamvah district, 
F'unjab. Um-Rileng coal-b~de, Assam. Sapphirine-bearing rock from Vizagapa.te.m 
district. )Jiscellaneous Notes. Assays. • . . 

Part ! (out of print).-Lt.-Genl. C. A. McMahon. Cydobu~ ~aydem p1ener .. Aur1ferou9 
Occurrences Gf Chota Nagpur, Bengal. On the feas1b1hty of mtroducmg modern 

18 



methods of Coke-makrng "" ~ast Indian Hailway Collieries, with suwlementary note 
by Director, Geological Survey of India. 1-Iiscellaneous Notes. . . . 

t'art S (out of print).-Upper Palieozoic formations of Eurasia. Ulaciat!on and H 1story 
of Bind Valley. Halorites in Trias of Baluchistan. Geology and J\hneral Resonree• 
of Mayurbhanj. Miscellaneous Notes. 

Part 4 (out of print).-Geology of Upper Assam. Auriferons Occurrence~ of Assam. 
Curious occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. 1 ndell. 

VoL. XXXII, 1905. 
Part 1 (out of print).-Review of Mineral Production of India during 1898-1903. 
Part 2 (out of print).-General report, April 1903 to December 1904. Geology of Pro

vinces of Tsan11 and U in Tibet. Bauxite in India. Miscellaneous Notes. 
Part S· (out of p1'1nt).-Anthracolithic Fauna from Subansiri Gorge, As~am .. Elephae 

Antiquus (Nl\llladicus) in Godavari ·Alluvium. Triassic Fauna of Trop1tes-L1meFtone 
of Byans. Amblygonite in Kashmir. Miscellaneous Notes. 

Part 4.-0bituary notices of H. 13. ~Iedlitott and W. T. Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXII. 

VoL. XXXIII, 1906. 
Part 1 (out of print).-1\line~al Production of India during 1904. Pleistocene Movement in 

Indian Peninsula. Hecent Changes in Vourse of Nam-tu Hiver, Northern Shan Stat~s. 
Natural Bridge in Gokteik Gorge. Geology and ~fineral Resources of Narnaul Dis. 
trict (Patiala State). Miscellaneous Notes. 

Part S (out of print).-General report for 1905. Lashio Coal-field, Northern Shan Stat~e.. 
Namma, Mansang. and Man-se-le Coal-fields, Northern Shan States, Burma. M1s
cellaneous Notes. 

Part 3 (out of print).-Petrology and Manganese-ore Deposits of Sausar Tahsil, Chhind
wara district, Central Provinces. Geology of part of valley of Kanhan River in 
Nagpur and Chhindwara districts, Central Provinces. Manganite from Sandur Hills. 
Miscellaneous Notes. 

Part 4 (out of print).-Composition and Quality of Indian Coals. Classification of the 
Vindhyan System. Geology of State of Panna with reference to the Diamond
bearing Deposits. Index to Volume XXXIII. 

VoL. XXXIV, 1906. 
Part 1.-Fossils from Halorites Limestone of Bambanag Cliff, Kumaon. Upper-Triassic 

Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan. Coal Occur
rences in Foot-hills of Bhutan. Dandli Coal-field : Coal outcrops in Kotli Tehsil of 
Jammu State. Miscellaneous Notes. 

rart :B (out of print).-Mineral Production of India during 1905. Nummulites Douvillei, 
with remarks on Zonal Distribution of Indian N nmmulites. Auriferous Tracts in 
Southern India. Abandonment of Collieries at Warora, Central Provinces. Mis
cellaneous Notes. 

Part 3 (out of print).-Explosion Craters in Lower Chindwin district, Burma. Lavas of 
Pavagad Hill. Gibbsite with Manganese-ore from Talevadi, Belgaum district, and 
Gibbsite from Bhekowli, Satar District. Classification of Tertiary System in Sind 
witfi reference to Zonal distribution of Eocene Echinoidea. 

Part 4 (out of print).-Jaipur and Nazira Coal-fields. Upper Assam. Makum Coal-fields 
between 'I'irap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan 
district, Urper Burma. Asymmetry of Yenangyat-Singu Anticline. Upper Burma. 
Nort~ern part of Gwegyo Anticline. Myingyan District. Upper Burma. Breynia 
Multituberculata, from Nari of Baluchistan and Sind. Index to Volume XXXIV. 

VoL. XXXV, 1907. 
Part 1 (out of prin!).-General report for 1906. Orthophragmina and Lepidocyclins in 

Nummulitic Series. Meteoric Shower of 22nd October 1903 at Dokachi and neighbour
hood, Dacca district. 

Part 2.-Indian Aerolites. Brine-wells at Bawgyo. Northern Shan States. Gold-bearing 
Deposits of Loi Twang, Shan States. Physa Prinsepii in Maestrichtian strata of 
Baluchistan. Miscellaneous Notes. 

Part 3.-Preliminary survey of certain Glaciers in North-West Himalaya. A.-Notes on 
certain Glaciers in North-West Kashmir. . 

P-art 4.-Preliminary survey of certain Glaciers in North-West Himalaya. B.-Notea on 
certain Glaciers in Lahaul. C.-Notes on certain Glaciers in Kurnaon. Index to 
Volume XXXV. · 

VoL. XXXVI. 1907-08. 
Part 1.---:Petrological St?dY of ~orks frol!l hill tract.s, Vizagapatam district, Madras 

Presidency. Nephelme Syemtes from hill tracts, Vizagapatam district Madras Presi-· 
denc:y. StratiEfaphical Position of Ganiramopteria Beds of Kashmir.' Volcanic out-
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burst. of. Late Ter~iary Age in South Hsenwi, N. Shan States. New suidie from 
Bugt1 Hills, Baluchistan. Permo-Carboniferous Plants from Kashmir. 

Part 2 (out of print).-1\Iineral Production of India during 1906. Ammonites of Be.gb 
Beds. Miscellaneous Notes. 

Part 3 (out of print).-1\farine fossils in Yenangyaung oil-field, Upper Burma. Fresh
water shells of genus Batiasa in Yenangyaung oil-field, Upper Burma. New Species 
o~ Dendr?phyllia ~rm:~ Upper Miocene of Burma. Structure and age of Taungtha 
hills, Mymgyan district, Upper Burma. Fossils from Sedimentary rocks of Oman 
(Arabia). Rubies in Ka.chin hills, Upper Burma. Cretaceous Orbitoides of India. 
Two Calcutta Earthquakes of 1906. Miscellaneous Notes. 

Part 4---:Pse.udo-Fuc_oids _from Pab sandstones at Fort Munro, and from Vindhyan series. 
J~de1te m Kachm Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe dia
t.rict, Upper Burma. Group of Manganates, comprising Hollandite, Psilomelane and 
Coronadite. Occurrence of Wolfram in Nagpur district, Central Provinees. lllis
cellaneous Notes. Index to Volume XXXVI. 

VoL. XXXVII, 1900-09. 
Part 1 (out of print).-General report for 1907. Mineral Production of India during 1907. 

Occurrelice of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 
Part 2 (out of print).-Tertfary and Post-Tertiary Freshwater Deposits of Baluchistan and 

Sind. Geology and Mineral Resources of Rajpipla State. Suitability of sands in 
Rajmahal Hills for glass manufacture. Three new Manganese-bearing minerals:
Vredenburgite, Sitaparite and Juddite. J,aterites from Central Provinces. l\Iiscella
neous Notes. 

Part 3 (out of print).-Southern part of Gwegyo Hills, including Payagyigon-Ngashan
daung Oil-field. Silver-lead mines of Bawdin, Northern Shan States. Mud volcanoes 
of Arakau Coast, Burma. 

Purt J.-Gypsum Deposits in Hamirpur district, United Provinces. Gondwanas and 
related marine sedimentary system of Kashmir. Miscellaneous Notes. Index to 
Volume XXXVII. 

VoL. XXXVIII, 1909-10. 
Part 1 (out of print).-General report for 1908. Mineral Production of India daring 1~08. 
Part 2.-0strea latimarginata; in Burma. China-clay and Fire-clay of Rajmahal Hilla. 

Coal at Gilhurria. Pegu Inlier at Ondwe. Salt Deposits of Rajputana. l\liscellaneou~ 
Notes. 

Part 3.-Geology of Sarawan, Jhalawan and Las Bela. Hippurite limestone in Seistan, 
Af~han Fusulinidre. Miscellaneous Notes. . 

Part 4.-Westem Prome and Kama. Recorrelation of Pegu system. Pegu f?ssil fish
teeth. Yenangyat Oil-field. Iron-ores of Chanda. Geology of Aden ?mterland. 
Petrography of Aden ·Hinterland. Fossils from Aden Hinterland. M1scellaneonB 
Notes. Index to Volume XXXVIII. 

Vor.. XXXIX, 1910. 
Quinquennial Review of Mineral Production for 1904 to 1908. Index to Volume XXXIX. 

VoL. XL. 1910. 
Part !.-Pre-Carboniferous Life-Provinces. Lakes of the Salt Range. Glaciers in 

Sikkim. New Tertiary mammals. . 
Part 2.-General Report for 1909. Mineral Production of India durmg 1909.. . 
Part 8.-Tertiary Freshwater Deposits of India. SiJurian-Trias sequence m Kashmir. 

Fenestella beds in Kashmir. . . . . · b c 1 
Part 4.-Alum Shale and Alum 1\fanufarture, Kalahagh. ~·Tiamrnh d1strid. Pnn.ia · oa -

fields in North-Eastern Assam. Sedimentary Deposition of 011. M1scellan~ot1s Notes. 
Index to Volume XL. 

VOL. XLI, 1911. 
Part 1.-Acre and continuation in Depth of l\fan.izanesP-ores of ~a~pnr:Balagfha~ Ad~~-

• Man a~ese"ore deposits of Gangpur State. Ren1ral. and D.-tnhnt1on. o ,on 1 e 
Seri! in India. Baluchistan Earthquake of 21st o~~be~ 190~. Identity of ~stres 
Promensis from Pegu Svstem of Burma and Osrrea Dig1tahna F.1rhwald from l\hocene 
of Europe. Mr. T. R. ·Blyth. Miscellaneous ~otes. . . . 11 Part !'.-General Report for 1910. Devonian Fossils from Ch1tral. Persia, etc. Sectio 8 

in Pir Panjal Range and Sind Valley. . ~ h · I · 
Part 3 -Mineral Production of India dnrinir 1910. Sa~arskite ann ot er mmera 8 ,in. 

N~llore District, Madras Presidenc~·. Coal in Namrh1k Valley, Uppn Assam. M.6
• 

cella.neous Notes. 

The price fixed for the pu~ !ications is 1 rupee (1.•. 4d. l each part. or 2 rupee~ (2.s. 81'.) 
each volume of fonr parts. 
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MISCELLANEOUS PUBLICATIONS. 
A :\Ianual of the Geology of India. 4 Vols. With map 1879-1887-

Vol. 1. Peninsular Area. ( J:ly H. B. Medlicott and W. T. Blanford 
Vol. 2. Extl'a Peninsular Area. j (out of print). 
Vol. 3. Economic Geology. By V. Ball (out of print). 
Vol. 4. Mineralogy. By F. R. Mallet. Price 2 rupees. 

A Manual of the Geology of India, 2nd edition. By R. D. Oldham (1893). Price 8 rupeee. 
A Manual of Geology of India, Economic Geology, by the late Prof. V. Ball, 2nd 

edition, revised in parts. 
Part !.-Corundum. By T. H. Holland (1898). Price 1 rupee. 

Fopular guides to the Geological collections in the Indir.n Museum, Calcutta
N o. 1. Tertiary vertebrate animals. By R. Lydekker (1879) (out of .print). 
No. 2. Minerals. By F. Bl. Mallet (1879) (out of print). 
No. 3. By F. Fedden (1880) (out of print). 
No. 4. Palreontological collections. By 0. Feistmantel (1881)- Price 2 annas. 
No. 5. Economic mineral products. By F. R. Mallet (1883) (out of prin(). 

An introduction of the Chemical and Physical study of Indian l\Iinerala. By T. H. 
Holland (1895) (out of print). 

Catalogue of the remains of Siwalik Vertebra.ta contained in the Geological Department of 
the Indian Museum. By R. Lydekker, Pt. I. Mammalia (1885). Price 1 rupee. 
Pt. IL Aves, Reptilia, and Pisces (1886). Price 4 annas. 

Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata. contained in the 
Geological Department of the Indian Museum. By R. Lydekker (1886). Price 4 
annn.s. 

Bibliography of Indian Geology. By R. D. Oldham (1888). Price 1 rupee 8 anna.a. 
Report on the geological structure and stability of the hill slopes around N aini Tai. By 

-.T. H. Holland (1897). Price 3 rupees. 
Geological map of India, 1893. Scale 1" =96 miles (out of print). 
General Report for the period from 1st January 1897 to the 1st April 1898. Price 1 rupee. 
General Report for the year 1898-99 (out of print). 
General Report for the year 1899-1900. Price 1 rupee. 
General Report for the year 1900-1901. Price 1 rupee. 
General Report for the year 1901-1902. Price 1 rupee. 
General Report for the year 1902-1903. Price 1 rupee. 
Sketch of the Mineral Resources of India. By T. H. Holland (1906). Price 1 rupee 

(out of print). · 
Contents and index to Records, Vols. I-XX and Vols. XXI-XXX. Price 1 rupee each. 
Contents and index to Memoirs, 1859-1883. (First twenty volumes). Price 1 rupee. 
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 

VOL. 

VOL. • 
VOL. 

VOL. 

Vor. 

Vor.. 

VOL. 

VoL. 

VoL. 

VOL. 

Vor.. 

VOL. 

VoL. 
Vor.. 

VoL. 

VOL. 

I. Pt. 1, 1856 (out of print) : Coal and Iron of Talchir.-Talc~ir Coal-field.
Gold-yielding deposits of Upper Assam.-Gold fro~ Shue-gweei;i. ~t. 2, 
1858 (out of print) : Geological structure of a portion of Khas1 H1l.ls.
Geological structure of Nilgiri.Hills (Madras). ~t. ~. 1859 (out oj pnn~) : 
Geological structure and physical features of d1st~cts of Bankura, M1d
napore, and Orissa.-Laterite of Orissa.-Fossil fish-teeth of genn• 
Oeratodus, from Maledi, south of Nagpur. 

II. Pt. 1, 1860 (out of print) : Vindhyan rocks, and their associates in Bund.el
kand. Pt. 2, 1860 (out of print) : Geological structure of central port!on 
of Nerbudda District.-Tertiary and alluvial deposits of central portion 
;;f Nerbudda Valley.-Geological relations and probable age of system• 
of rocks in Central India and Bengal. 

III. Pt. 1, 1863 (out of print) : Raniganj Coal-field.-Add~tional. remarks ~n 
systems of rocks in Central India and Bengal.-Ind1an l\hneral Statis
tics, I. Coal. Pt. 2, 1864 (out of print) : Sub-Himalayan Ilan~es 
between Ganji,'es and Ravi. 

IV. Pt. 1, 1863 (1Jut of print) : Cretaceous Rocks of Trichinopoly District, 
Madras. F't. 2, 1864 (out •'f print) : Districts of Trichinopoly, Salem, 
etc. Pt. 3, 1865 (out of print) : Coal of Assam, eLc. 

V. Pt. 1, 1865 (out of print) : Sections acroRs N.-W. Himalaya. from Sutlej to 
Indus.-Gypsum of Spiti. Pt. 2, 1866 (out of print) : Geology of Bom· 
bay. Pt. 3, 1866 (out of print) : Jheria Coal-field.-Geological Ob~erva
tions on Western Tibet. 

VI. Pt. 1, 1867 (out of print) : Neighbourhood of Lynyan. etc., in l:lind.
Geology of portion of Cutch. Pt. 2, 1867, Rep. 1908 (price 2 Rs.): 
Bokaro Coal-6.eld.-Ramgarh Coal-6.eld.-Traps of Western and Central 
Jnriia. Pt. 3, 1869 (price 2 Rs. 8 As.): Tapti and Nerbudda Valleys.
Frog-beds in Bombay.-O:rygloaam puaillua. 

VII. Pt. 1, 1869 (price 3 Rs.) : Vindliyan series.-1\Iineral Statistics.-Coal.
Bhillong Plateau. Pt. 2, 1870 (out of print) : Karharbari Coal-field.
Deoghar Coal-field. Pt. 3, 1871 (out of pri71t) : Aden water-aupply.
K,ranpura Coal-iielda. 

VIII. Pt. 1, 1872 (price 4 Rs.) : Kadapah and Karnul Formations in Madras 
Presidency. Pt. 2, 1872 (price 1 Re.) : ltkhuri Coal-field.-Daltouganj 
Coal-field.-Chope Coal-field. 

IX. Pt. 1, 1872 (out of print): Geology of Kutch. Pt. 2. 1872 (price 1 Re.): 
Geology of Nagpdr.-Geology of Sirhan Hill.-Carboniferona Am· 
monitee. 

X. Pt. 1 (price 3 Rs.) : Geologv of Madras.-Satpura Coal-basin. Pt. 2, 1874 
(out of print) : Geology of Pegu. 

XI. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjiling and Western Duars. Pt. 9, 
1876 (price 3 Rs.) : Salt-region of KoMt, Trans-Indn11. 

XII. :Pt. 1, 1877 (price 3 Re.) : Sont11 Mahratta •Country. Pt. 2, 1876 (prict 
2 Rs.) : Coal-fielcls of Naga Hills. 

XIII. Pt. 1: 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 
(price 2 Rs. 8 As.) : Geology of Rajmabal Hills. 

XIV. 1878 (price 5 Rs.) : Geology of Salt-range in Punjab. 
XV. Pt. 1, 1878 (11Tiet 2 Rs. 8 As.) : Aurnnga and HuMr Coal-fields (Palamow). 

Pt. 2, 1880 (price 2 Rs. 8 As.) : Ramkola and Tatapani Coal-fields 
(Sirguja). 

XVI. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern coast from Lat. 150 
t-0 M:a~ulipatam. Pt. 2. 1880 (price 1 Re. 8 As.) : N ellore Portion of 
Carnatic. Pt. 3, 1880 (price 2 Rs.): Coastal Region of God:ivari 
District. 

XVII. Pt. 1. 1879 (pricP 3 Rs.) : Geology of West€rn Sind. Pt. 2. 1880 (pricP 
2 Rs.) : Tran~-Indns extension of Punjab Salt-range. 
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VoL. 

VOL. 

VoL. 

VoL. 

VoL. 
VOL. 
VoL, 

"XVIII. Pt.. 1, 1881. (price 2 Rs.) : Southern Afghanistan. Pt. 2, 1681 (out oj 
pnnt): Manbhum and Srnghbhum. Pt. 3, 1881 (price 2 Rs.): Pranhita, 
Godavari Valley. 

XIX. Pt. 1, 1882 (price 2 Rs;) : Cachar .Earthquake of 1869. Pt. 2, 1882 (price 
1 Re.) : Thermal Sprmgs of India. Pt. 3, 1883 (price 1 Re.) : Catalogue 
of Indian Earthquakes. Pt. 4, 1883 (out of print) : Geology of parts of 
Manipur and Nli.ga Hille. 

XX. Pt. 1, 1883 (out of print) : Geology of Madura and Tinnevelly. Pt. 2, 1883 
(out of print) : Geological notes on Hills in neighbourhood of Sind and 
Punjab Frontier between Quetta and Dera Ghazi Khan. 

XXL Pt. 1, 1884 (out oj print) : Geology of Lower Narbada Valley. Pt. 2, 1884 
(out of print); Geology of Kathiawar. Pt. 3, 1885 (out of print) : Coal-

. field of South Rewah. Pt. 4, 1885 (out of print) : Barren Island. 
X XIT'. 1883 (out nf print) : Geology of Kashmir, Chamba, and Khagan. 

XXIII. 1891 (price 5 Re.) : Geology of Central Himalayas. 
XXIV. ·Pt. 1, 1887 (out oj print) : Southern Coal-fields of Satpura Gondwana basin. 

Pt. 2, 1890 (out of print) : Geology of Sub-Himalaya of Garhwal and 
Kumaun. Pt. 3, 1890 (out of 117int) : Geology of South Malabar, be
tween Beypore and Ponnani Rivers. 

VoL. XXV. 1896 (out of print): Geology of Bellary District, Madras Presidency. 
VoL. XXVI. 1896 (out of print) : Geology of Hazara. 
VoL. XXVII. Pt. 1, 1895 (out of print) : Marine Fossils from Miocene of Upper 

Burma. Pt. 2, 1897 (out of print) : Petroleum in Burma and its techni· 
cal exploitation. 

Vor,. XXVJTT. Pt. 1, 1898 (nut of print) : Geological Structure of Chitichun region.-
Allahbnnd in north-west of Rann of Kuchh.-Geolo!?y of parts of Myin. 

-;_gyan, Magwe and Pakokku Districts, Burma.-Geology of Mikir Hills 
J,n Assam.-Cpology of Tirah and Bazar Valley. Pt. 2, 1900 (price 
3 Re.) : Charnockite Series, group of Archrean Hyperethenic Rock1 in 

VoL. 
VOL. 

VoL. 

Peninsular India. · 
XXTX. 1000 (prirP. 5 Rs.)' F.arthqn~ke of 12th .Tn"e 1897. 
XXX. Pt. 1, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of 12th June 

1897. Pt. 2, 1900 (price 1 Re.): Geology of neighbourhood of Salem. 
Madras Presidency. Pt. 3, 1901 (price 1 Re.) : Sivamalai Series of 
Elreolite-Syenites and Corundum Syenites. Pt. 4, 1901 (price 1 Re.) : 
Geoloi?ical Congre•P of PariP. 

XXXI. Pt. 1, 1901 (prfoe 2 Rs.) : Geology of Son Valley in Rewah State and of 
PartR of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.): Baluchie
tan Desert and part of Eastern Persia. Pt. 3, 1901 (price 1 Re.): 
Peridotitee, Serpent.ines, Ptc., from Ladakh. . 

VoL. XXXIJ. Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India. Pt. 2, 
1901 (price 2 Rs.): Rampur Coal-field. Pt. 3, 1002 (price 3 Rs.): 
" Exotic Blocks " of Malla Johar in Bhot Mahala of Knmaon. Pt. 4, 
1904 Im-ice 3 Rs.\ : Jammn Coal-fields. 

VoL XXXTTJ. Pt. 1, 1901 (price 8 Rs.): Kolar Gold-field. Pt. 2, 1901 (price 2 Rs.): 
Art. 1: Gold-fields of Wainad. Art. 2: AuriferonR Onartzites of 
Parhadiah .. Chota N•umnr. Art. 3: Auriferous loc,.lities in North 
Coimbatore. Pt. 3, 1902 (price 1 Re.) : Geology of Kalahandi State, 
Centra.1 ProvinceR. 

VOL. XXXIV. Pt. 1, 1901 (prire 1 Re.): Peculiar form of altered peridotite in Mysore 
State. Pt. 2, 1902 (price 3 Re.) : Mica denosits of India. Pt. 3, 1903 
(price 1 Re.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 (price 
4 Rs.) : Geology of Persian Gulf and adjoining portions of Persia and 
Arabia. . 

XXXV. Pt. 1, 1902 (price 2 Rs.): Geology of Western Rajputana. Pt_ 2, 1903 
(prire l Re.) : Aftershocks of Great Earthquake of 12th June 1897. 
Pt. 3, 1904 (price 1 Re.) : Seismic phenomena in British India and their 
coltr!ection with its Geology. Pt. 4, 1911 (price 1 Re.): Geology of 

. Andaman Islands, with references to Nicobars. 
VoL. XXXVI. Pt. 1, 1904 (price 4 Rs.) : Geology of Spiti. Pt. 2, 1907 (price 3 Rs.): 

Geologv of Province• of Tsang and -0 in Central Tibet. Pt. 3. 1912 
(11rire 2 Rs.) : Trias of the Hirr>alavas. 

VoL. XXXVII. 1909. Manganese-Ore Deposits of Tndia : Pt. 1 (price 3 Rs.); Introduction 
and Mineralogy; Pt. 2 (price 3 Rs.\, Geolozy; Pt. 3 (price 3 Rs.). 
Economics and Mining; Pt. 4 (price 5 Rs.), Description of Deposits. 

VoL. XXXVTTT. 1910 (prire 5 Rs.): Kan(!ra Earthriuake of 4th Avril 1905. · 
VoL. XXXTX. Pt. 1. Hl10 (1JTire 2 Tis.): fieologv of Nort,hern Afghanistan. Pt. 2 

VoL. 
(in the }'ress) : Geolo!!y of Northern Shan States. 

XL. (/11 the Press) : The Oil-Fields of Burma. 



PAL.IEONTOLOGIA lNDICA. 
(SER. I, III, V, VI, VIIl.)-CRETACEOUS FAUNA OF SOUTHERN INDIA, by 

F. STOLICZKA, extept VoL. I, Pt. 1, l1y H. F. BLA~FORD. 
SER. I & 111.-VoL. I. The Cephalopoda (1861-65), pp. 216, pls. 84 (6 double). 

V.-VoL. II. The Gastropoda (1867-68), pp. xiii, 500, pis. 28. 
Vl.-Vot.. III. The Pelecypoda (1870-71), pp. xxii, 537, pis. 50. 

VIIl.-VoL. IV. The Brachiopoda, Ciliopoda, E~hino<lermata, Corals, etc. (1872-
73), pp. v, 202, pis. 21:1. 

(SER. II, XI, XII.)-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by 
0. FEISBIANTEL, except VoL. I, Pt. 1, by T. OLDHAl\I an<l J. l\IORRIS. 

VoL. 1, pp. xviii, 233, pis. 72. 1863-79. Pt. 1; R:ijmahal Group, R:ijmahal Hills. Pt. 2; 
'l'he same (continued). Pt. 3; Plants from Golapili. Pt. 4; Outlier• on 
the Madras Coast. 

VoL. II, pp. xli, 115, pls. 26. 1876-78. Pt. 1; Jurassic Flora of Kach. Pt. 2; Flora of 
the Jabalpur group. 

VoL. II l, pp. xi, 64+149, pis. 80 (9 double) (1-XXXI + IA-XLVIIA). 1879-81. Pt. 1; 
The Flora of the Talchir-Karharbari beds. Pt. 2; The Flora of the 
Damnda and Pane.bet Divisions. Pt. 3; 'l'he same (concluded). 

VoL. IV, pp. xxvi. 25+66, pls. 35 (2 double) (1-XXI+IA-XIVA). Pt. 1 (1882); 
Fossil Flora of the South Rewah Gondwana basin. Pt. 2 (1886); 
Fossil Flora of some of the coal-fields in Western Bengal. 

VOL. 
VoL. 
\;'oL 
VoL. 
VOL. 

(SER. IX.)-JURASSIC FAUNA OF KACH. 

I (1873-76). 
II, pt. 1 (1893). 

II, pt. 2 (1900). 
Ill, pt. 1 (1900). 
III, pt. 2 (1903). 

The Cephalopoda, by W. WAAGEN, pp. i, 247, pis. 60 (6 double). 
The Echinoidea of Kach, by J. W. GREGORY, pp. 12, pls. 2. 
The Corals, by J. W. GREGORY, pp. 196, I-IX, pis. 26. 
The Brachiopoda, by F. L. KITCHIN, pp. 87, pis. 15. 
Lamellibranchiata : Genus Trigonia, by F. L. KITCHIN, pp. 122, 

pls. 10 (out of print). 

(Su. IV.)-INDIAN PRE-TERTIARY VERTEBRATA. 

VoL. I, pp. vi, 137, pls. 26. 1865-85. Pt. 1 (1865); The Vertebrate Fossils from the 
Panchet rocks, by T. H. HUXLEY. Pt. 2 (1878); The Vertebrate Fossils 
of the Kota-Maleri Group, by SIR P. DEM. GREY EGERTON, L. C. MrALL. 
and W. T. BLANFORD. Pt. 3 (1879); Reptilia and Batrachia. by R. 
LYDEKKER. Pt. 4 (1885); The Labyrinthodont from the Bijori group, 
by_~- LYDEK~ER (?ut of print). Pt. 5 (1885); The Reptilia and Am
ph1b1a of the ,,faler1 a_nd Denwa groups, by R. LYDEKKER (out of 11r:nt1. 

(SER X.)-INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA '1y 
R. LYDEKKER, exrqit VoL. I, PT. 1, liy TI. B. FOOTE. ' 

VoL. 

VoL. 

I, pp. xxx. 300, pis. 50. 1874-8q. Pt. 1; Rhinoceros <lerranensis. Pt. 2; Molar 
t.eeth and other remams of Mammalia.. Pt. 3 ; Crania of Ruminants 
Pt. 4; Supplement to Pt. 3. Pt._ 5; ~iwali.k and Narbada Probosc:idia. · 

II, pp. xv, 363, pis. ~5. .1881-84. Pt. 1; S1wahk Rhmocerotidre. Pt. 2 : Supple
men~ to S1wahk an? N~rbada Proboscidia. Pt. 3; Siwalik and Narbada 
Eq_n1dre. Pt. 4; S1w~hk .Camelopardalidre. Pt. 5; Siwalik Selenodont 
Suma, etc. Pt. 6; S1wahk and Narbada Carnivora. 
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VuL. Ill, pp. xxiv, 264, P.ls: 38. 1884-86'. P~. l; Additional t:liwalik l'erissodactyla and 
Probosc1d1a. Pt. 2; Srwahk and· Narbada Bunodont Suina. Pt·. 3; 
Rodents and new Huminants from the Siwaliks. Pt. 4; Siwalik Birds. 
Pt. 5; Mastodon Teeth from Perim Island. Pt. 6; Siwalik and Nar
bada Chelonia. Pt. 7; Siwalik Crocodilia, Lacertilia and Ophidia. 
Pt. 8; Tertiary Fishes. 

VoL. IV, pt. 1, 1886. Siwalik Mammalia (Supplement 1); pp. 18, pis. 6. 
VoL. IV, pt. 2, 1886. The Fauna of the Karnul cave~ (and addendum top~ l)· pp. 4U 

(19-58), pis. 5 (vii-xi). ' 
\'uL. IV, pt. 2, 18~'.· Eucene Chelonia from the Salt-range; pp. 7 (59-65), pis. 2 (xii

xm). 

(i:'En. VII, XIV.)-TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCY BLADEN, except Pt. 1, bv 
l•. S'l'OLIUZ.KA. • 

l'oL. 1, pp. 16+110+382·+91=599, pis. 5+28+58+13=104. 1871-85. P~. 1: Tertia.1·) 
Crabs from Sind and Kach. Pt. 1 (new 2) : Sind Fossil Corals and 
Alcyonaria.; by P. Martin Duncan. Pt. 3: The Fossil Echinoidea of 
Sind : i"WJ. 1, The Gardita beaumonti beds; Fas. :B, The Ranikot Series 
in Western Sind; Fas. 9, The Khirthar Series; F(JJI. J., The Nari 
(Oligocene) Series; Fas. 5, the Gaj (Miocene) Series; ·/!'as. 6, The 
Makran (Pliocene) Series; by Duncan and Sladeil. Pt. 4 : The Fossil 
Echinoidea of Kach and Kattywar, by Duncan, Sladen and Blanford. 

(Si,;a. Xlll.)-SALT-RANG1: F03SILS, by WILLIAM WAAGEN, Ps.D. 

Productus-Limestone Group: Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pls. 6. 
,, 2 (1880). Gastropoda and supplement to pt. 

pp. 111 (73-183), pis. 10 (1 double), (vii ~ 
xvi). 

" 

" 
" 

,, 3 (1881). Pelecypoda, pp. 144 (185-328), pl~. 8 
(xvii-xxiv). 

i (1882---85). Brachiopoda, pp. 442 (329-770) 
pis. 62 (xxv-lxx:x:vi). 

,, 5 (1885). Bryozoa-Annelidre-Echinodermato., 
pp. 64 (771-834), pie. 10 (lxxxvii-xcvi). 

,, 6 (1886). Crelenterata, pp. 90 (835-924), p!P. 20 
(xcvii-cxvi). 

, 7 (1887). Ccelenterata, Protozoa, pp. 74 (925-
998), pie. 12 (cxvii-cxxviii). 

Fossils from the Cera.tile Formation : Vol. II, pt. 1 (1895). Pieces-Ammonoidea, pp. 324, 
p~ 4~ . 

Geological Results: Vol. IV, pt. 1 (lll89), pp. 1-88, pie. 4 (out of pnnt): 
,, ,. .. ,, ., 2 (1891), pp. 89-242, pis. 8 (out of print). 

(S::!!.. XV.)-HIMALAYAN FOSSILS. 

Upper-triassic and liassic faunre of the exotic blocks of Malla Johar in the Bhot Mahals of 
Kumaon: Vol. I, pt. 1 (1908), pp. 100, pls. 16 (1 \}ouble}, by Dr. C. Diener. 

Anthracolithic Fossils of Kashmir and Spiti: Vol. I, pt. 2 (1899), pp. 96, pls. 8, by Dr. C. 
Diener. 

The Permocarboniferous Fauna of Chitichun No. I: Vol. I, pt. 3 (1897), PP· 105, ple. 13, 

by Dr. C. Diener. • , V 1 I 4 (1897) 
The Permian Fossils of the Produdus Shales of humaon and (,arhwal : o. . pt. · 

pp. 54, pis. 5, by Dr. C. Diener. . 1 lO b 
The Permian Fossils of the Central Himalayas: Vol. I, pt. 5 (1903), PP· 204, P 5• ' Y 

Dr. C. Diener. 2 1 23 b D c 
The Cephalopoda of the Lower Trias: Vol. II, pt. 1 (1897), pp. 18 , P ~. , Y r. · 

Diener. 
The Cephalopoda of the i\Iuschelkalk: Vol. II, pt. 2 (1895), pp. 118, pis. 31, by Dr. C. 

Diener. 
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Upper Triassic Cephalopoda Faunre of the Himalaya: Vol. III, pt. 1 (1899), pp. 157, 
pls. 22, by Dr. E. von Mojsisov~ce. · 

Trias Brachiopoda and Lamelhbranchiata: Vol. III, pt. 2 (1899), pp. 76, pls. 12 (2 double), 
by Alexander Bittner. _ , 

The Fauna of the Spiti Shales : Vol. IV, Pt. 1, Fasc. 1 (1903), pp. 162, pis. 18; l! as<.:. 2 
(1910), pp. 1~06, pls. 47 (2 double) : Fasc. 3 (1910), pp. 307-395, pls. 32, by 
Dr. V. Uhlig; Fasc. 4 (in the Press) : Bivalves and Gastropo~a, by K. Holdhaus. 

The Fauna of the Tropites-Limestone of Byans: Vol. V, Memoir No. 1 (1906), pp. 201, 
pis. 17 (1 double), by Dr. C. Diener. 

The Fauna of the Himalayan Muschelkalk: Vol. V, Memoir No. 2 (1907), pp. 140, pis. 17 
(2 double), by Dr. C. Diener. . 

Ladinic, Carnie and Noric faunre of Sniti: Vol. V, Memoir No. 3 (1908), pp. 157, pis. 24 
(3 double), by Dr. C. Diener. . 

Lower Triassic Cephalopoda from Spiti Malla Johar and Byans: Vol. VI, Memon· No. 1 
(1909), pp. 186, pls. 31, by Drs. A.' Von Kraft and C. Diener. . 

The Fauna of the Traumatocrinus Limestone of Painkhanda. Vol. VI, Memoir No. 2 
(1909), pp. 39, pis. 5, by Dr. C. Diener. 

The Cambrian Fossils of Spiti: Vol. VII, Memoir No. 1 (1910), pp. 70, pls. 6, by F. R. C. 
Reed. 

The Ordovician and Silurian fossils from the Central Himalaya: Vol. II, Memoir No. 2 
(in the Press), by F. R. C. Reed. 

(SER. XVI.)-BALUCHISTAi'-4 FOSSILS, by FRITZ NOETLINO, Pu.D., F.G.S. 
1'he Fauna of the Kellaways of Mazar Drik : Vol. I, pt. 1 (1895), pp. 22, pis. 13. 
1'he Fauna of the (Neocomian) Belen.nite Beds: Vol. 1, pt. 2 (1897), pp. 6, pis. 2. 
The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Mari Hills: Vol. I, pt. 3 

(1897), pp. 79, pls. 23. 

(Nl•;W SElUES.) 

The Cambrian Fauna of the Eastern Salt-range: Vol. I, Memoir 1 (1899), pp. 14, pl. 1, 
by K. Redlich. 

Notes on the Morphology of the Pelecypoda: Vol. I, Memoir 2 (1899), pp. 58, pis. 4, by 
Fritz N oetling. 

Fauna of the Miocene Beds of Burma: Vol. I, Memoir 3 (1901), pp. 378, pls. 25, by 
Fritz Noetling (out of print). 

Observations sur quelques Plantes Fossilee des Lower Gondwanas : Vol. II, Memoir l 
(1902), pp. 39, pls. 7, by R. Zeiller. 

Permo-Carboniferous Plants and Vertebrates from Kashmir: Vol. II, Memoir No. 2 
(1905), pp. 13, pls. 3, by A. C. Seward and A. Smith Woodward. 

The Lower Palreozoic Fossils of the Northern Shan States, Upper Burma: Vol. II, Memoir 
No. 3 (1906), pp. 154, pls. 8, by F. R. C. Reed. 

The Fauna of the Napeng Beds or the Rhretic Beds of Upper Burma: Vol. II, Memoir 
No. 4 !1908), pp. 88, pls. 9, by Miss M. Healey. 

fhe Devonian Faunas of the Northern Shan StateB: Vol II, Memoir No. 5 (1908), pp. 183, 
pls. 20, hy F. R. C. Reed. · 

The Mollusca of the Ranikot Series : Vol. III, pt. 1, Memoir No. 1 (1909), pp. xix, 83, 
pis. 8, _by M. (!ossmann aru:I G. Pissarro. Introduction, by E. W. Vredenburg. 

On some Fish-remams from the Beds at Dongargaon, Central Provinces: Vol. III, Memoir 
N1>. 3 (1908), pp. 6, pl. 1, by A. Smith Woodward. 

Anthracolith!c Fossils of the Shan States: Vol. III, Memoir No. 4 (1911), pp: 74, pis. 7, 
by C. Diener. 

The Fossil Giraffidae of India: Vol. IV, l\Iemoir No. 1 (1911), pp. 29, pis. 5, by G. E. 
Pilgrim. 

The Vertebrate Fa~na of t~e Upper Nari Series in. the Bugti Hills and the Punjab: 
Vol. IV, Memoir No. 2 (in the Pre.~s), by G. E. Pilgrim. 

Lower Gondwana Plants from the Golabgarh Pass, Kashmir: Vol. IV, Memoir No. 3 (i~ 
the Preas), by A. 0. Seward. 

The price fixed for these publications is four annas (4 pence) per single plate, with a 
minimum charge of Re. 1. 
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RECORDS OF THE GEOLOGICAL SURVEY OF lNDlA. 
v OL. I, lll68. 

i'art 1 (out of print).-Annual report for 1867. Coal-seams of Tawa valley. Coal in 
Garrow Hills. Copper in Bundelkund. Meteorites. 

!'art 2 (out of print).-Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geo
logical notes on Surat collectorate. Cephalopodous fauna of South Indian cretaceous 
deposits. Lead in Haipur district. Coal in Eastern Hemisphere. Meteorites. 

Part 3 lout of print).--Gast"ropodous fauna of South Indian cretaceous deposits. Notes on 
route from Poona to Nagpur via Ahmednuggur, Jalna, Loonar, Yeotmahal, Mangali 
and .tiingunghat. Agate-tlaka in pliocene ( !) deposits of Upper Uodavery. Boundary 
of Vindhyan series in .l:taJputana. Meteo~ites. 

VOL. II, 1869. 
l'art 1 (out of pri11t).-Valley elf Poorna river, West Berar. Kuddapah and Kurnool 

formations. Ueological sketch of Shillong plateau. Gold in Singhboom, etc. Wells 
at Hazareebagh. Meteorites. 

Part 2.-Annual report for 1868. Pangshura tecta and other species of Cheionia from 
newer tertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal. 

!'art 3.-Geology of Kuch, Western India. Ueology and physical geography of Nicobar 
Islands. 

/'art 4 (out of print).-Beds containing silicified wood in Eastern Prome, British Burma. 
Mineralogical statistics of Kumaon division. Coal-field ne.ar Chanda. Lead in Raipur 
district. Meteorites. 

VoL. III, 1870. 
Part 1 (out of print).-Annual report for 1869. Geology of neighbourhood of Jl4adras. 

Alluvial deposits of Irrawadi, contrasted with those of Ganges. · 
/'art 2 (out o/ print).-Ueology of Uwalior and vicinity. ::Hates at Chiteli, Kumaon 

Lead vein near Chicholi, Haipur district. Wardha river coal-fields, Berar and Cen
tral Pwvinces. Coal at Karba in Bilaspur district. 

Part 3 (out of print).-Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district. 
Coal east of Chhattisgarh between Bilaspur and Ranchi. Petroleum in Burma. Petro
leum locality of Sudkal, near ·Futtijung, west of Rawalpindi. Argentiferous galena 
and copper m l\.lanbhum. Assays of iron ores. 

!'art 4 (out of print).-Ueology of Mount 'l'illa, Punjab. Uoppcr deposits of Dalbhum 
and Singbhum : 1.-Copper mines of Singbhum : 2.-Copper of Dalbhum and Sing· 
llhum. Meteorites. 

VoL. IV, 1871. 
L'arl 1.-Annual report for 1870. Alleged discovery of coal near Gooty, and of indications 

of coal in Cuddapah district. Mineral statistics of Kumaon division. 
/'art 2.-Axial group in Western Pronie. Geological structure of Southern Konkan. 

Supposed occurrence of native antimony in the Straits Settlements. Deposit in boiler> 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on south· 
ern extensions of Kamthi group to neighbourhood of Ellore and Rajamandri, and on 
possible occurrence of coal in same direction. 

/'art 3 (out of print).-Boring for coal in Godavari valley near Dumaguden and Bhadra
chalam. N arbada coal-basin. Geology of Central Provinces. Plant-bearing sand
stones of Godavari valley. 

!'art 4 (out of print).-Ammonite fauna of Kutch. Raigur and Hengir (Gangpur) Coal
field. Sandstones in neighbourhood of first barrier on Godavari, and in country 
between Godavari and Ellore. 

VoL. V, 1872. 
i'art 1.-Annual report for 1871. Relations of rocks near Murree (Mari), Punjab. Mineral

ogical notes on gneiss of South Mirzapur and adjoining country. Sandston~s in 
neighbourhood of first barrier on Oodavari, and in country between Godavar1 and 
Ell ore. 

Part 2 (out of print).-Coasts of Baluchistan and Persia from Karachi to head o~ P.ersi~n 
Gulf, and some of Gulf Islands. Parts of Kummummet and Hanamconda districts lil 
Nizam's Dominions. Geology of Orissa. New coal-field in south-eastern Hyderabad 
(Deccan) territory. . . . . 

Part 9.-Maskat and Massandim on east coast of Arabia. Example of local iomting. 
Axial group of Western Prome. Geology of Bombay Presidency. . 

Part 4.-Coal in northern re~ion of Satpura basin. Evidence afforded by raised oy1ter 
banks on coasts of India, in estimating amount of elevation indicated thereby. 
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Possible field of coal-measures in Uodavari district, l\Iadra.s Preoidency. Lameta or 
intratrappean formation of Central India. Petroleum loealities in Pegu. Supposed 
eozoonal limeotone of Y ellam Bile. 

YUL. V 1, 187.3. 
l'art 1.-A.nnual report for 1872. Geology of North-West Provinces. 
i'art .2.-Biorampur coal-field. i\li.neralogical notes on gneiss of south ~lirzapur and ad-

JOiniug COUllLry. . 
i'art 3 (out of print).-Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : 

on age of deposits, and on associated shells. Barakars (coal-measures) in Beddadanole 
lield, Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt. 
springs of Pegu. 

l'art 4 (out of print).-Iron deposits of Chanda (Central Provinces). Barren Islands and 
Narkondam. Metalliferous resources of British Burma. 

VoL. VII, 1874. 
l'a1t 1 (out of print).-.A.nnual repor~ for 187.3. Hill ranges between Indus valley in Ladalr. 

and Shah-i-Duia on frontier of Yarkand territory. Iron ores of Kumaon. Haw 
materials for iron-smelting in Raniganj field. Elastic sandstone, or so-called Itaco
lumyte. Geological notes on part of Northern Hazaribagh. 

Part $ (out of print).-Geological notes on route traversed by Yarkand Embassy from 
Shah-i-Dula to Yarkand and Kashgar. Jade in Karakas valley, Turkistan. Notes 
from Eastern Himalaya. Petroleum in Assam. Coal in Uaro Hills. Copper in 
Narbada valley. Potash-salt from ~ast India. Geology of neighbourhood ol J\lan 
hill station in Punjab. 

Part 3 (out of print).-Geological observations made on a visit to Chaderkul, Thian Shau 
range. Former extension of glaciers within Kangra district. Building and orna
mental atones of India. Materials for iron manufacture in Raniganj coal-field. Manga
nese-ore in Wardha coal-field. 

i'art 4 (out of print).-Auriferous rocks of Dhambal hills, Dharwar district. Antiquity 
of human ra{;e in India. Coal recently diseovered in the country of Luui Pathaus, 
south-east corner of Afghanistan. Progress of geological investigation in Godavari 
district, Madras Presidency. Subsidiary materials for artificial fuel. 

VOL. V 111, 1875. 
Part 1 (out of print).-Annual report for 1874. The Altum-Artush considered from geo

logical point of view. Evidences of ' ground-ice ' in tropical India, during Talchir 
period. Trials of Raniganj fire-bricks. 

i'art 2 (out of print).-Gold-fields of south-east Wynaad, Madras Presidency. Geological 
notes on Khareean hills in Upper Punjab. \\"ater-bearing "lrala of i:iurat distriet. 
Ueology of Scindia's territories. 

Part 3 (out of print).-Shahpur coal-field, with notice of coal explorations in N arbada 
region. Coal recently found near MoHong, Khasia Hills. 

l',1rt 4 (out of print).--Geology of Nepal. Raigarh and Hingir coal-fields. 
VoL. IX, 1876. 

l'art l (out oj print).-Annual report for 1875. Geology of bind. 
Part 2 (out of print).-Retirement of Dr. Oldham. Age of some fossil floras in India. 

Cranium of Stegodon Ganesa, with notes on sub-genus and allied forms. Sub-Hima
layan series in Jamu (Jammoo) Hills. 

Part 3 (out of print).-Fossil floras in India. Geological age of certain groups comprised 
in Gondwana series of India, and on evidence they afford of distinct zoological and 
botanical terrestrial regions in ancient epochs. Relations of fossiliferous strata at 
Maleri and Kota, near Sironcha, C. P. Fossil mammalian faunm of India and Burma. 

Part 4 (out of print).-Fossil floras in India. Osteology of Merycopotamus dissimilis. 
Addenda and Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. 
Geology of Pir Panjal and neighbouring districts. 

0 

VoL. X, 1877. 
Part 1. -Annual report for 1876. Geological notes on Great Indian Desert between Sind 

and Rajputana. Cretaceous genus Omphalia near N ameho lake, Tibet, about 75 miles 
north of Lhassa. Estheria in Gondwana fo1·mation. Vertebrata from Indian tcrtiarv 
and secondary rocks. New Emydine from the upper tertiaries of Northern Punjab. 
Observations on under-ground temperature. 

f'art 2 (out of print).-Rocks of the Lower Godavari. ' Atgarh Sandstones ' near Cuttack. 
Fossil floras in India. New or rare mammals from the Siwaliks. Arvali series in 
North-Eastern Rajputana. Borings for coal in India. Geology of InJia. 

Part 3 (out of print).-Tertiary zone and underlying rocks in North-West 2UJ1j-ib. Fossil 
floras in India. Erratics in Potwar. Coal explorations in Darjiling district. Lime
stones in neighbourhood of Barakar. Forms of blowing-machine used by smiths of 
Upper Assam. .A.nalyaes of Raniganj coals. 
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Part 4 (out of print).-Geology of Mahanadi basin and its vicinty. Diamonds, golds, and 
lead ores of Sambalpur district. 'Eryon Comp. Barrovensis,' McCoy, from Sriper
matur group near Madras. Fossil floras in India. The Blaini group and OCentral 
Gneiss' in Simla Himalayas. Tertiaries of North-West Punjab. Genera Chmro
meryx and Rhagatherium. 

VoL. XI, 1878. 
Part 1.-Annual report for 1887. Geology of Upper Godavari basin, between river 

Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi. 
Siwalik mammals. Palreontological relations of Gondwana system. 'Erratics in 
Punjab.' 

Part 2.-Geology of Sind (second notice). Origin of Kumaun lakes. Trip over Milam 
Pass, Kumaun. Mud volcanoes of Ramri and Cheduba. Mineral resources of Ramri 
Chednba and adjacent islands. 

Part S.-Gold industry in 'Vynaad. Upper Gondwana series in Trichinopoly and Nellore· 
Kistna districts. Senarmontite from Sarawak. 

Part 4.-Geological distribution of fossil organisms in India. Submerged forest on 
Bombay Island. 

VoL. XII, 1879. 
Part 1.-Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia. 

Siwalik birds. Tour through Hangra.ng and Spiti. Mud eruption in Ramri Island 
(Arakan). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palreontologi
cal notes from Satpura coal-basin. Coal importations into India. 

Part 2.-Mohpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur district. 
Geological reconnaissance from Indus at Kushalgarh to Kurram at Thal on Afghan 
frontier. Geology of Upper Punjab. · 

l'aTt $.-Geological features of northern Madura, Pudukota State, and southern parts of 
Tanjore and Trichinopoly districts included within limits of sheet 80 of Indian Atlas. 
Cretaceous fo~sils from Trichinopoly district, collected in 1877-78. Sphenophyllum and 
other Equisetacem with reference to Indian form Trizygia Speciosa, Royle (Spheno
phyllnm Trizygia, Ung.). J\lysorin and Atacamite from Nellore district. Corundum 
from Khasi Hills.· Joga neighbourhood and old mines on Nerbudda. 

Part 4.-' Attock Slates ' and their probable geological position. Marginal bone of nnde
acribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of 
North Arcot district. Road section from Murree to Abbottabad. 

VoL. XIII. 1880. 
Part 1.-Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of 

Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes from 
Ramri Island and Punjab. Fossil genera. Niiggerathia, Stbg., Niiggerathiopsis, Fstm., 
and Rhiptozamites. Schmalh., in palreozoic and secondary rocks of Europe, Asia., and 
Australia. Fossil plants from Kattywar, Shekh Budin, and Sirgujah. Volcanic foci 
of eruption in Konka.n. 

Part !.-Geolu!!:i~al notes. PP.lreontological notes on lower trias of Himalayas. Artesian 
wells at Pondicherry, •nrl possibility of finding sources of water-supply at Madras. 

Part .,.-K11mann lakes. Celt of palreolithic type in Punjab. Palreontologica.l notes from 
Karharbari and South Rewa coal-fields. Correlation of Gondwana flora with other 
flora.a. Artesian well1 at Pondicherry. Salt in Rajputana. Gae and mnd eruptions 
on Arakan coast on 12th March 1879 and in June 1843. 

Part 4.-Pleistncene deposits of Northern Punjab, and evidence they afford of extreme 
climate during portion of that period. Useful minerals of Arva.Ii region. Correlation 
of Gondwa.na !fora with th11t of Australian coal-bearing system. Reh or alkali soils 
and saline well waters. Reh soils of Upper India. Na.ini Tai landslip, 18th Septem
ber 1880. 

VoL. XIV, 1881. 
Part 1 (out of print)._:Annua.I report for 1880. Geology of part of Dardistan, Baltistan 

and neighbouring districts. Siwalik carnivora. Siwalik group of Sub-Himalaya~ 
region. South Rewah Gondwana basin. Ferruginous beds associated with bas~Itic 
rocks of north-eastern Ulster, in relation to Indian laterite. Ilajmahal plants. 
Travelled blocks of the Punjab. Appendix to ' Palreontological notes on lower triaR 
of Himalayas.' Mammalian fossils from Perim Island. 

Part S.-Nahan-Siwalik unconformity in North-Western Himalaya. Gondwa.na verte
brates. Ossiferous beds of Hundes in Tibet. Mining records nnd mining record office 
of Great Britain; and Coal and Metalliferous Mines Acts of 1872 (England). Cobaltite 
and danaito from Khetri mines. Ra.jputana; with remarks on Ja.ipurite (Syepooritel. 
Ziilc-ore (Smithsonite and Blende) with baryte• in Karnul distrirt. 'Tn<lrn•. Mnil 
eruption in island of Cheduba. 

Part $.-Artesian borings in India.. Oli11:oclase granite at Wangtn on SnUej, N orth-We•I 
Himalayas. Fish-palate from Siwaliks. Palreontologfoal n"te~ from Hazarihagh onil 
Lohardagga districts. Fossil carnivora. from Siwa.lik hills. 
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Part 4.-Unification of geologi~al no~enclature a!'.ld cartography .. Geology ~_f Arvali re9ion, 
central and eastern. Na~1ve ant11!'1ony obtamed. at Pulo Ohm, near ~mga.poi-e. fur· 
gite. from Juggiapett,_ K1stnah ~1str~ct, and zrnc carbonate, froi,n Karnul, Madr'.'•· 
Sec!t.1on from Dalho:is1e to Pang1, vid Sach Pass. South l1ewan Gon<l wana ha•1t1. 
Submerged forest on Bombay Island. 

Voi.. XV, 1882. 
Part 1 (out of print).-Annual report for 1881. Geolog.y of North-West Kashmir and 

Khagan. Gondwana labyrinthodonts. Siwalik and Jamna. mammals. Geology of 
Dalhousie North-West Himalaya. Palm leaves from (tertiary) Murree and Kasauli 
beds in I~dia. Iridosmiue from Noa-Dihing river, Upper Assam, and Platinum from 
Chutia Nagpur. On (1) copper mine ne:ir Yongri .. h.ill, Darjiling di•trid; (2) arsenic~] 
pyrites in same neighbourhood ; (3) koalin at DarJihng. Analyses of coal and fire-clay 
from Makum coal-field, Upper Assam. Experiments on coal of Pind Dadun Khan, 
Salt-range, with reference to production of gas, made April 29th, 1881. Proceeding~ 
of International Congress of Bologna. . . 

l'art S (out of print).-q.iolo11;y of Travancore .Stat:e. Wark1lh beds a~d reported a~so
ciated deposits at Qmlon, ID Travancore. S1walik and Narbada fossils. Coal-beanng 

. rocks of Upper Rer a!ld ;Mand rivers in ':Vestern Ch_utia Nagpur. Pench !iver ?o.al
field in Chhindwara d1str1ct, Central Provmces. Bormgs for coal at Engsem, Bnt1sh 
Burma.. Sapphires in North-Western Himalaya. Eruption of mud volcanoes in 
Cheduba. 

Part 3 (out of print).-Coal of Mach (Much) in Bolan Pass, and of Sharigh on Hamai 
route between Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. 
Traps of Darang and Mandi in North-Western Himalayas. Connexion between 
Hazara and Kashmir series. Umaria coal-field (South J;lewah Gondwana basin). 
Daranggiri coal-field, Garo Hills, Assam. Coal in Myanoung division, Henzada 
district. · 

Part J (out of print).-Gold-fields of Mysore. Borings for coal at Beddadanol, Godavari 
. district, in 1874. Supposed occurrence of coal on Kistna. 

VOL. XVI, 1883. 
Part 1.-Annual report for 1882. Richthofenia, Kays (Anomia Lawrenciana, Koninck). 

Geology of South Travancore. Geology of Chamba. Basalts of Bombay. 
Part S (out of print).-Synopsis of fossil .vertebrata of India. Bijori Labyrinthodont. 

Skull of Hippotherium antilopinum. Iron ores, and subsidiary materials for manu
facture of iron, in north-eastern part of Jabalpur district. Laterit~ and other manga
nese-ore occurring at Gosulpore, Jabalpur district. Umaria coal-field. 

P:irt -'.'-1\iicrosconic Rtrnc!nre of Rome Dalhousie rocks. LavaF nf A den. Probable occur
rence of Siwalik strata in China and Japan. l\Iastodon angufoti<icns in India. Traverse 
between Almnra and Mussooree. Cretaceone coal-measureR Pt Rorsora. in Khasia Hilh. 
near Laour, in Sylhet. 

Part 4.-Palreontological notes from Daltonganj and Rutar coal-fields in Chota Nagpur. 
Altered basalts of Dalhousie region in North-Western Himalny~•. Microscr.pir •truc
ture of some Sub-Himalayan rocks of tertiary age. Geology of Jaunsar and T,ower 
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar Hills. 
Native lead from Maulmain and chromite from the Andaman hlands. Fiery eruption 
from one ol mnd volcanoes of Cheduba Island, Arakan. Irrigation from wells ir. 
North-Western Provinces and Oudh. 

VOL. XVII. 1884. 

Part 1.-Annnal report for 1Be3. Smooth-water anchorages or mud-banks of Narrakal and 
Alleppy on Travancore coast. Billa Surgam and other caves in Kurnool district. 
Geology of Chauari and Sihunta parganas of Chamba. Lyttonia, Waagen in Kuling 
PPde!I of Ka~hmir. ' ' 

Part S.-;-Earthquake ?f 31st De~ember 18~1. Microscopi~ structur~ of some Himalayan 
granites and gne1ssose gramtes. Ch01 coal exploration. Re-discovery of fossils in 
Siwalik beds. Mineral resources of the Andaman Islands in neighbo;1rhnod nf Port 
Blnir. Jnl,ertrappean beds in Deccan and f,arnmie grono in WestRrn North A ;nPrira 

Part •3 (out of print).-Microscopic structure of snme Arvali rocks. Section along Indn• 
from Peshawar Valley to Si.It-range. Sites for boring in Raigarh-Hingir ~01.l.fit>lrl 
(first notice). Lignite near Raipore. Central Provinces. TurnnoiRe mine• of Ni•h;i01ir 
Khorassan. Fiery eruption from Minbyin and Volcano of Cheduba Island Arnkan: 
Langrin coal-field, South-Western Khasia Hills. Umaria coal-field. ' 

Part 4.-Geology of part of Gangasulan pargana of British Garhwal. Slates and schists 
imbedded in gueissose granite of -North-West Himalayas. Geology of Takht-i-Snlei
man: Smooth-water anchorages of Travancore coast. Auriferous s

0

a.nds nf the Snhan
eiri river, Pondicherry lignite, and phosphatic rocks at l\fnsuri. Billa Surgam caves. 
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