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MEMOIRS
OF

THE GEOLOGICAL SURVEY OF INDIA.

The Geology of Spiti, with parts of Bashahr
AND Rupshu, by H. H. Hayden, B.A., B.E., F.G.S.,

Deputy Supermiendent, Geological Survey of India.

INTRODUCTION.
Our knowledge of the geology of that part of the higher Himi-

layan ranges which lies to the west of the Nepal frontier has been

derived chiefly from the examination of three distinct areas, namely,

the Kumaon and Garhwal Himalayas on the east, Kashmir with

Ladakh on the west, and Spiti, lying between these two. This three-

fold partitioning is not due to any geological or stratigraphical

peculiarities of the respective subdivisions, but merely to their physi-

cal conformation, each area being accessible from one or more routes

which are more or less central to it, but do not give access to the

others, while the passage from the central area, Spiti, to those lying

on either side is a matter involving considerable time and difficulty.

The inevitable consequence of these conditions is a lack of homo-

geneity in the geological results, a lack still further enhanced by the

fact that, except with regard to the lower trias, no two areas had until

quite recently been examined in any detail, nor, with a few excep-

tions, even visited, by one and the same observer.

Naturally, it is to the central, or Spiti, area that we look for the

means of correlating what knowledge we have of the neighbouring

divisions; but this is a matter of no small difficulty. The eastern

B ( ,
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2 HAYDEN: GEOLOGY OF SPITl.

area, indeed, has been described in considerable detail, first by General

Strachey,^ the pioneer of Himalayan stratigraphical geology, and

subsequently by Mr. Griesbach;^ again in 1891, parts of the same

area were visited by Messrs. Griesbachand Middlemiss, accompanied

by Professor Diener, whose researches ' have added largely to our

knowledge of the characters and correlation of the Himdlayan trias.

Still further additions have been made during the last few years

by the work of Messrs. La Touche and Smith and Drs. Noetling,

Walker and von Krafft. So far, then, as this area is concerned, we

have a considerable amount of material available for our purpose.

Unfortunately the same cannot be said of the western, or Kashmir,

area. Practically the whole knowledge that we possess is derived

from Mr. Lydekker's work on the geology of Kashmir.* The

detailed study of so large an area would necessarily involve many

years' labour, and Mr. Lydekker found it impracticable to attempt

any minute subdivision of the sedimentary rocks. He, therefore,

divided the whole stratigraphical series into three systems, the ter-

tiary, the Zanskar, and the Panjdl, in the last of which he included

the Cambrian and silurian systems, while the Zanskar represents all

European systems from the base of the carboniferous to the top of

the cretaceous. In each of the two latter systems he recognised

certain subdivisions corresponding to the various series of Spiti, as

described under local names by Stoliczka. It is thus possible to

make some attempt to correlate roughly these two adjoining areas,

but the general absence of detailed descriptions of sections or of

fossiliferous horizons renders any accurate correlation impossible, nor

can this be attempted until the stratigraphy of Kashmir has been

studied in greater detail.

The fact that a portion of Spiti was visited by Mr. Griesbach

on the completion of his work in the Kumaon and Garhwdl Himalayas,

' Quart. Journ. Geo). Soc, VII (1851), p. 292,
' Memoirs, G. S. I., vol. XXIII.
' Denkschrift. d. k. Akad. d. Wiss., Wien, 1895.
< Memoirs, G. S. 1., vol. XXII.

( 2
)



INTRODUCTION. J

and his account of tlie geology of that part traversed by him,^ render

a correlation of the central with the eastern area a comparatively

simple matter, and one which has been still further facilitated by

the numerous detailed sections to be found in his memoir, as well as

by his employment of European nomenclature in his description of

the corresponding rock-systems of the Himalayas.

In rapid or preliminary traverses of a previously unexplored area

where, owing to paucity of fossils or to other
Nomenclature.

. .

causes, the various sedimentary formations can-

not be definitely referred to known European equivalents, the adop-

tion of local names for the more prominent lithologica! units is no

doubt advisable and even necessary, but when the survey has advanced

to a further stage, and sufficient palseontological evidence can be

adduced to determine the approximate homotaxial relations of the

more important subdivisions, the multiplication of terms leads merely

to confusion. In the present memoir this has been kept jn view,

and the various systems have, so far as possible, been designated

by the names of their European equivalents ; a few terms, how-

ever, such as " Spiti Shales," and " Giumal Sandstone," which

have now become historical and have been universally applied through-

out the Himalayas, have been retained ; while others, such as " Par^

limestone," which have no special appropriateness, and may even

include portions of two different systems, have been discarded.

This applies especially to Mr. Lydekker's terms " Zanskar " and

" Panjdl," under each of which names he included, as already stated,

more than one European system, and where parts of the area

surveyed by him have been touched on in the following pages, his

terminology has not been employed.

The geological map accompanying the present memoir is the

joint work of the late Dr. von Krafft and the
Maps*

present writer, and is based on the " Atlas of

1 Memoirs, G. S. I., vol. XXIII, pp. 206-223; Records, G. S. I., vol. XXII,

pp. 158-167,

B2
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4 HAYDEN : GEOLOGY OF SPITI.

India" (l inch = 4 miles). All boundaries were carefully followed as

far as possible, but, owing to the small scale and inaccuracies of the

topographical map, it has frequently been found impossible to re-

produce the smaller structural details. In addition to this, owing

both to physical and political difficulties, certain parts of the range

separating Spiti from Western Tibet were inaccessible, and geological

boundaries could therefore be drawn only approximately. This is

especially the case in that part of To-tzo (Western Tibet) which lies

to the «^ast of the Spiti river, and which could be only rapidly and

surreptitiously traversed ; for the local inhabitants, although as a

rule exceedingly friendly and not disposed to place any serious

obstacles in the way of travellers, have during the last few years jeal-

ously guarded their frontier, in consequence of a recent attempt on

the part of a tactless and irresponsible traveller to force his way in

the teeth of all opposition into the more easterly parts of their

country.

( 4 )



PREVIOUS ACCOUNTS. 5

Chapter I.

PREVIOUS ACCOUNTS OF THE GEOLOGY OF SPITI.

Although Spiti had been visited by geologists at various times

during the past century, no detailed systematic survey had been

made, and in 1898 it was decided that a more careful study the

whole area should be undertaken. For this purpose the present

writer was deputed to Spiti in the summer of that year; the work

was continued by him, accompanied by the late Dr. von Krafft, in

1899, t'^^ present writer again during the summer of IQOI.

The work carried out during the above three seasons, while

claiming no pretensions to detail, has, however, been brought upas

far as possible to an uniform degree of completeness, sufficient, it is

hoped, should occasion ever arise, to facilitate an intimate study of

horizons and sections.

Of the various papers relating to Spiti and neighbouring areas

the following are of chief importance :

—

StolicZKA {F.).— Geological sections across the Himalayan Moun-

tains.

(Memoirs, G. S. I., vol. V (1866), art. i, pp.

I— «54-)

StOLICZKA {-F.).—Summary of geological observations during a visit

to the provinces—Rupshu, Karnig, South

Ladikh, Suroo and Dris—of Western Tibet,

1865.

(Memoirs, G. S. I., vol. V (1866), p. 337.)

Mallet {F. R.).—On the Gypsum of Lower Spiti.

(Memoirs, G. S. I., vol. V (1866), art. ii, pp.

'53—172)

McMahon (G£A^. C. /i.).—Notes of a tour through Hangrang and

Spiti.

(Records, G. S. I., vol. XII, pp. 57—60.)

( 5
)'



6 HAYDEN : GKOLOGY OF SPITI.

Oldham (/?. D.).—Notes on the Geology of the North-West Hima-

layas.

(Records, G. S. I., vol. XXI, pp. 130— 143, and

pp. 149—159.)

LydEKKER (/?.).—Geology of Kashmir.

(Memoirs, G. S. I., vol. XXII.)
'

GrieSBACH (C. L,).—Geological notes.

(Records, G. S. I., vol. XXII, pp. 158—167.)

GrIESBACH (C Z,).—Geology of the Central Himalayas.

(Memoirs, G. S. I., vol. XXIII.)

In addition to the above, progress reports by the late Dr. von Krafft

and by the present writer were published, during the course of the

work, in the General Reports, Geological Survey of India, for the years

1898-1899, 1899-1900, igoi-1902.

Of the above papers, those of McMahon and Oldham relate chiefly

to the vexed question of the correlation of the

beds of Spiti with the p re-tertiary formations of

the outer Himalayas ; these will be discussed below {vide cha,p. VIII).

The paper by Mallet is confined chiefly to mineralogical questions,

including that of the origin of the gypsum,^ and

does not deal with stratigraphy.

Of the remaining papers, those of Stoliczka embody the first

systematic account of the geology of Spiti.

Although, owing to the short duration of his

visit, this account necessarily lacks completeness and detail, yet the

majority of his general conclusions have been borne out by the recent,

more detailed work.

He divided the whole stratigraphical sequence into the following

ten series :

—

McMahon: Oldham.

Mallet.

Stoliczka.

Chikkim beds

Giumal sandstone

Spiti shales .

Upper Tagling limestone

Lower ,,

. Cretaceous.

. Upper oolite.

. Middle oolite.

. Middle lias.

. Lower ,,

( 6 )
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7

Pdrd limestone Rhatic.
Lilang series Upper trias.

Ruling series Carboniferous.
Muth series Upper silurian.

Bhabeh series Lower „

Each of the above series will be dealt with in detail in the chapters

relating to the systems that thoy represent.

Mr. Griesbach's chief object in visiting Spiti was to endeavour to

remove certain discrepancies existing between
(jRtESBACH. ' °

Stoliczka's account of the stratigraphy of Spiti

and the conditions observed by him in the Kumaon and Garhwil

Himalayas. His short account, although based on a somewhat rapid

traverse, constitutes a distinct advance in our knowledge of the geology

cf Spiti.

As will be seen from his memoir, the chief points on which he

differed from Stoliczka, were

—

(1) the age of the Muth quartzite (8)^ and underlying beds
;

(2) the vertical extent of the carboniferous system
;

(3) the age of Stoliczka's " Kuling series "
;

(4) the presence or absence of beds of lower triassic age.

With regard to the first point, subsequent work has shown that

Stoliczka was correct in regarding the beds underlying the Muth

quartzite as of silurian age, but no direct evidence as to the age of the

quartzite itself has yet been found.

With regard to the carboniferous system, Mr. Griesbach has shown

that Stoliczka had erroneously included in it the " Productus shales,"

now known to be of permian age : these Stoliczka named the " Kuling

shales," and included with them certain dark limestones found at Kul-

ing and at Muth, and which are, in part at least, of carboniferous age.

Mr. Griesbach was also the first to prove the existence of the lower

trias in Spiti, Stoliczka having failed to notice it, though it appears that

he subsequently came to the conclusion that beds of that age were to be

found in the Himalayas.

^

1 This is the number employed by Mr. Griesbach in his list of formations.

' Memoirs, G. S. 1., vol. V, p. 345.

( 7 )



8 HAYDEN: GEOLOGY OF SPITl.

Chapter II.

CAMBRIAN SYSTEM

A glance at the map will show that the Spiti valley has a general

N. W.—S.-E. trend, to which the strike of the sedimentary rocks

to a great extent conforms. With this strike is combined a north-

erly dip : hence the outcrops of the various systems form a series of

bands, the oldest lying to the south.

The most southerly band constitutes a part of the oldest known

sedimentary system in the Western Himalayas, and to a large extent

forms the great snowy range separating Spiti from Kulu and Bashahr.

It has been designated by a variety of names, the best known of which

are "Azoic" (Strachey), " Bhabeh series" (Stoliczka) and " Hai-

manta " (Griesbach).

Before passing on to a description of this system, as seen in Spiti,

Metamorphic rocks. it is necessary to notice certain beds which are

Gneiss. said to underlie it in other parts of the Hima-

layas. These are Mr. Griesbach's "vaikrita" system, and the so-

called " central gneiss." The latter rock has been found by General

McMahon to be in reality a gneissose granite : it is seen throughout

the Sutlej valley from Wangtu to Shipki, and again along the Spiti

river, and at Changrizang on the lower Para river, one of Stoliczka's

type-localities, where it is found intrusive both in cambrian and permian

beds.

The other series described by Mr. Griesbach from the Niti area, as

Schists of Wangar °^ probably pre-cambrian age, is the vaikrita sys-

valley; tem, composed of schists, talcose rocks, phyliites

and gneiss. From near Wangtu bridge on the Sutlej to within a short

distance of the Bhabeh Pass, the road passes over a complex series

of mica-gneisses, kyanite-schists and garnetifcrous mica-schists, with

basic igneous rocks and much intrusive granite (central gneiss). The

( 8 )



CAMBRIAN SYSTEM. 9

schists might possibly be regarded as the equivalents of Mr. Griesbach's

of the Sutlej vaikrita system. Similar schists are, however,

^^"^y* found in the Sutlej valley between Spueh and

Hango, and again on the left side of the Spiti river below Chango. In

the latter localities the kyanite-schists and garnetiferous mica-schists

are found to pass horizontally into less altered phyllites and clay-slates

belonging to the cambrian system and corresponding to Mr. Griesbach's

middle haimantas. Similarly, highly altered staurolite and kyanite

schists are found between Asrang and Pangi, where the intrusive biotite

granite is found in contact with the cambrian slates. There istberefore

no reason to suppose that the schists of the Wangar valley represent the

vaikrita system, for they also are probably only altered representatives

of the cambrian slates, while the more acid gneisses, which occur among

them, may very possibly have been produced by the alteration of the

fine grits and quartzites of the same system.^

" Haimanta " sys- The haimanta system has been subdivided by
tern of Griesbach.

Griesbach into three groups-

(f) upper haimanta— coViSxsWng of "quartz shales and slates"

(= "red quartz shales")
;

[b) middle haimanta—"shales and silky phyllites, with great

thickness of quartzites ";

{^d) lower haimanta—
'[

quartzite, generally purple, with great

thickness of conglomerate."^

Of the above subdivisions, the upper and middle can be readily

recognised in all the older palaeozoic sections in Spiti and Bashahr, but

the lowest, characterised by the presence of conglomerates, has not been

found. Mr. Griesbach states,^ however, that he found a " conglomerate,

or rather, boulder-bed" among the haimantas of Spiti. In spite of

lit is probable that not only in this area, but also in other parts of the

Himalayas, many of the rocks which have hitherto been relegated to the limbo of

the " crystalline schists " are in reality merely altered sedimentary beds.
' Memoirs, G. S. I , vol. XXIII, p. 51.

' Ibidem, p. 210.

( 9 )



10 HAYDEN : GEOLOGY OF SPITI.

careful search, neither the late Dr. von Krafft nor the present writer

succeeded in finding this among the lowest beds, but a conglomerate,

very similar to that dpscribed by Mr. Griesbach, was found overlying

the Cambrian beds, and invariably defining the boundary between them

and the silurian rocks. Numerous blocks of the conglomerate are

found along the route traversed by Mr. Griesbach, and since he states^

that he did not examine the beds in any detail, it is possible that on

meeting with a rock bearing so close a resemblance to the lower

haimanta conglomerate of Niti, he came to the natural conclusion

that it was the same. A fuller description of this rock will be found

below (see p. 22).

The oldest sedimentary rocks, therefore, with which we have to

Oldest sedimentary slates and quartzites belonging to

rocks of Spiti. Mr. Griesbach's middle haimantas. They consist

chiefly of soft, ferruginous clay slates,—thinly foliated and often

crushed and micaceous (phyllite)—interbedded with bands of grey and

purple quartzite. Thin beds of grit ranging from a few inches to a foot

in thickness are not uncommon, especially near the upper boundary of

the series. These rocks extend from the north-western end of Spiti,

throughout the whole length of the chain of snowy peaks separating

Spiti from Kulu and the Wangar valley, into the valleys of the Teti

(Taite) and Thanam rivers in Bashahr, continuing eastwards from

Sungnam, and forming most of the hills on either side of the Sutlej

and Spiti rivers below Lio and Chango in Kanaur. At either end,

they appear to run on in the direction of Garhw51 and Kumaon on

the south-east and of Lahaul on the north-west, and extend for many

miles down the valley of the Sutlej, below its confluence with the Spiti

river. Along their southern boundary they are found, in Spiti and

Altered by contact- Bashahr, in contact with great masses of intru-

metamorphism, gjyg granite. Near the line of junction, they

have been highly altered, chiefly into garnetiferous mica schist, biotite

schist, biotite-kyanite schist and biotite-staurolite schist.

' Op. cit., p. 120.

( 10 )
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In the valley of the Chandra river, between Kulu and Spiti, the

commonest product of alteration is a dark bio-
Biotite schist. , .

i r u- i. r i

tite schist, composed of biotite, quartz, felspar

(orthoclase, albite and microperthite) , with some rutiie and zircon.

In the valley of the Sutlej, the products of contact-metamorphism

are similar to those in the Chandra valley, but to the other component

minerals are added kyanite and staurolite, the former occurrmg in large

crystals, often of a beautiful blue colour, which
Biotite-kyanite schist ' .... . , , , .

and biotite-staurolite has led to their being mistaken tor sapphires.

Fine specimens of this biotite-kyanite schist are

found between Naku and Chango on the left side of the lower Spiti

river, and also on the left side of the Kozhang river on the old road

from Pangi to Asrang. At the latter locality, staurolite occurs in

great quantity, locally replacing most of the kyanite, the rock thus

becoming a biotite-staurolite-kyanite schist: it contains also quartz,

orthoclase, albite, zircon and large quantities of rutiie ; an iron ore,

probably ilmenite, is found in small grains scattered through the

staurolite, to which it appears to be entirely confined.

In the neighbourhood of Lio, in the valley of the Lipak river,

Autoclastic con ^lo. the effects both of contact- and of dynamo-
merate of Lipak river, metamorphism are very pronounced, and on

the right bank of the river, at about two miles above its junction

with the Sutlej, the lower slates and quartzites contain the only rock,

which, having regard to its appearance and position, could be supposed

to belong to Mr. Griesbach's lower haimanta conglomerates. The rock

is a conglomerate forming abed of varying thickness, and composed of

more or less rounded and lenticular fragments of white quartz, scat-

tered through a matrix of fine-grained biotite schist. The band is usually

tenor twelve feet in thickness, and in places contains the white pebbles

throughout its whole extent ; in other places, however, only narrow

strings of pebbles, separated by bands of schist, run both parallel and

obliquely to the original direction of stratification of the rock. When
first seen in the bed of the river, the conglomerate was taken for the

one which occurs throughout Spiti at the base of the silurian system

(
II
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i2 HAYDEN : GEOLOGY OF SPITI.

subsequent examination showed, however, that it did not immediately

underlie that system, from which it is separated by a great fault, but

occurred low down among the middle haimanta slates and quartzites,

and when followed for a short distance, it was found to pass gradually

into a great mass of white quartz, which occurs at the water's edge on

the right bank of the river. An examination of this exposure at once

showed that the rock was an autoclastic conglomerate, formed by the

crushing of veins and narrow strings of quartz, which are seen

running out from the main mass: these become broken up into frag-

ments and eventually take the form of strings of pebbles, sometimes

coalescing again into veins, at others forming bands of pseudo-conglo-

merate. Further evidence as to the true character of the rock was

found on the opposite side of the stream, where an old basic dyke is

seen, part of which has been similarly converted into an autoclastic

conglomerate.

No fossils have been found in Spiti or in Bashahr, in this series of

Age of tlie slates slates, quartzites and grits, and there is, there-

and quartzites. fore, no direct evidence as to its age. By

Stoliczka it was included in, and constituted the greater part of, his

" Bhabeh series," which he classed as " lower silurian." There can

be little doubt that, in common with most continental and many

English geologists of his time,^ he employed the term " silurian " in its

widest sense, to include all pre-devonian fossiliferous systems then

known. His " lower silurian " would therefore include the Cambrian

system, and his "upper silurian^' the silurian system of modern

English geologists.^

The " Bhabeh series" was subsequently identified by Mr. Gries-

bach with his haimanta system, which he regarded as of Cambrian, and

probably also in part of pre-cambrian, age.

' And also some prominent continental geologists of the present day ; see de

Lapparent, Traite de Geologic, 4th edition.

^In the present memoir thie cambrian is retained, in conformity with modern

English usage, as a separate system. In the silurian are included ail the beds

between the cambrian and devonian systems, i.e., the " ordovician " and " silurian
"

(lower and upper silurian), respectively.

( 13 )
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The total thickness of the series cannot be even approximately

determined, for although extending for many
Thickness.

miles in the valleys of the Thanam, Pin and

Parahio rivers, with a more or less constant northerly dip, the beds

have undergone repeated folding, and their apparent thickness is thus

very great, especially in the Pin and Thanam valleys, where the

arches of the anticlines have been completely removed by denudation.

In the Parahio valley, however, remains of numerous folds can still be

seen (see PI. I, fig. 2), thus proving that the enormous thickness is

only apparent; it is probable, however, that an estimate of between

two and three thousand feet will not err on the side of excess.

The overlying beds which presumably comprise Mr. Griesbach's

upper haimantas, consist of a series of black,
Red and black slates.

purple and grey slates, with grey, green, and red

quartzites. The lower part of the series is chiefly argillaceous, and

the upper mainly siliceous. The grey and purple slates are highly

ferruginous, and contain large quantities of haematite and limonite,

pseudomorphous after pyrite ; the weathered surfaces of the rock are

consequently completely coated with orange and bright red films of

ochre, and the outcrop stands out as a brilliant red band running

through the darker slates, and presumably constituting Mr. Gries-

bach's horizon of " red quartz shales." Among the argillaceous

beds are bands of an intensely black, carbonaceous shale, resembling

the carbonaceous shales of Simla.

The red and black beds form an unmistakable and very constant

horizon, well seen in the Parahio and upper Pin valleys of Spiti

and the Thanam (locally called Samandar) river in Bashahr, where it

has a thickness of not less than 1,000 feet.

In the Parahio valley the upper siliceous beds pass up gradually

Triiobite beds
'"^'^ ^ series of grey and green micaceous quart-

zites and thinly foliated slates and shales, with

narrow bands of light-grey dolomite.

The slates, which are usually dark-blue or black, vary in composition

( 13 )
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from a soft, argillaceous rock to a hard, siliceous variety with

much mica. They are very finely laminated and much crushed,

and the direction of foliation being usually oblique to the bedding,

the rock frequently resembles a needle shale. The slates are inter-

bedded with great regularity with grey, yellow or whitish quartzites,

which are almost invariably capped by a narrow band of either cal-

careous quartzite or dolomitic limestone only a
Dolomite. r^, ,.

few inches in thickness. The limestone, which

is grey on fresh fracture, weathers to a pinkish or brownish red, and

is again overlain by slates, which are at first argillaceous but gradually

become more and more siliceous, till they pass up again into quart-

zites ; this alternation continues with great regularity for many

hundred feet. Towards the top of the series the argillaceous beds give

place to light-coloured siliceous slates and thin-bedded, flaggy quart-

zites with bands of red and pink dolomite, which latter gradually in-

creases in frequency and thickness, till it becomes the predominant rock.

These beds constitute the oldest fossiliferous series hitherto found

in Spiti. The fossils, which consist chiefly of Lingulella and trilobites,

are most numerous in the argillaceous beds, but the narrow bands of

limestone, and, in places, the flaggy quartzites, are also fossiliferous.

The most complete section is seen in the valley of the Parahio,

where the following sequence of rocks forms the steep hills on the left

bank of the river, above Maopo E. G.':

—

19. Conglomerate.

18. Quartzite and siliceous shale . . . about 50 feet.

17. Grey dolomite, weathering brownish-red . „ 20 „

16. Flaggy sandstone, quartzite and siliceous

slate . . . . . . . „ 40 „

15. Grey dolomite, weathering brownish-red . „ 30 „

14. Siliceous slates, with grey quartzite bands

:\nd thin beds of pink dolomite (slates

chiefly grey and green, but weather pink) . „ 250 „

13. Dark siliceous slates, with a few fragmentary

trilobites „ 10 ,,

( 14 )
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Brought forward about 400 feet.

12. Siliceous slates and flaggy quartzile . . „ 30 „

II. Siliceous and argillaceous slates, with trilo-

bites ....•••» 6

10. Grey slaty quartzite, capped by dolomite (6") „ 50 „

9. Slates, siliceous above and argillaceous below,

with trilobites . . . . . • » 3^ »>

8. DarU-grey quartzite . . . . . „ 60 ,,

7. Pink shaly dolomitic limestone, with trilobites „ 12 „

6. Calcareous quartzite, with Lingulella and tri-

lobites, underlain by narrow band of fos-

siliferous limestone (2") and argillaceous

slates, with many trilobites . . . „ 10 „

5. Grey micaceous quartzite, with thin bands

(^" to 2") of mica schist . . . . „ 150 „

4. Slates, alternating with narrow bands {\" to

4") of grey limestone, with Lingulella and

trilobites . . . . . . „ 10 „

3. Slate, chiefly siliceous, and quartzite . . „ 150 ,,

2. Dark slate, with trilobites . . . • » 30 „

1. Red and green slaty quartzites, with Lingulella

and trilobites in the uppermost bands . „ 250 „

1,188 feet.

The thickness of the individual suh-divisions as given in the above

list is in most cases merely approximate, for the whole series is dis-

turbed by faults and no really consecutive section can be found.

The lowest horizon at which fossils were found occurs near the top

, . of the reddish quartzites (No. i), which overlie
Fossiliferous horizons. , , . , ,

the bright red slate series. The rock from which

they were obtained is a hard, calcareous and micaceous quartzite,

containing numerous valves of a small brachiopod resembling Lingu-

lella ; with these are associated fragments of the head-shields of a

trilobite, too badly preserved, however, for even generic determina-

tion. Above this are flaggy quartzites, in thin beds, the surfaces of

which are covered with impressions resembling those ascribed by

Nathorst to the tracks of invertebrate animals.^ The same markings

are common in, and characteristic of, these quartzites throughout Spiti.

» Kong. Svensk. Vet. Akad. Handlingar ; Bd. XVIII, Bd. XXI.

( 15 )
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The next horizon from which fossils have been obtained in any

appreciable number is bed No. 2 (" dark slate with trilobites "). In

this bed and in No. 4, numerous remains (chiefly head-shields) of trilo-

bites occur
;
they are unfortunately all poorly preserved.

Bed No. 6 has yielded a large number of specimens, many of which

are in a very fair state of preservation
;
they consist chiefly of species

of Ptychopan'a, Corda and allied genera.

In bed No. 9, Ptychoparia is still found, and with it large numbers

of fragments of Olenus sp., and Dihelocephalus sp.

The highest zone in which determinable fossils have been found is

bed No. 13: they are, however, not numerous. Ptychopafia \s very

rare, being almost entirely replaced by species of Olenus.

Collections were made from all the above horizons, but have been

sent to England for description. It is therefore at present only pos-

sible to give the above generic determinations, founded on a cursory

examination made by the present writer before the despatch of the

materials to England. These data, though meagre, are yet sufficient

to warrant the inference that the fossiliferous beds are of upper—pos-

sibly also of middle—cambrian age.

As already stated, the series attains its greatest development in

the valley of the Parahio, where its total thickness is nearly 1,200

feet. In the section described, the uppermost dolomite has under-

gone considerable alteration and contains no determinable fossils,

though a few fragments of head-shields of trilobites have been

found in it, but the lithological continuity of the series up to the

base of the conglomerate (19) renders it desirable, in the absence

of proof to the contrary, to place the whole in one and the same

system. In addition to this, a distinct change in the character of

Unconformity above the deposits, accompanied by a marked uncon-

the trilobite beds. formity, occurs at the base of the conglomerate,

and in view of the not infrequent coincidence of a palaeontological with

a lithological break, the upper quartzites, slates and dolomites have

been included with the underlying fossiliferous beds, in the upper

( 16 )
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Cambrian, and the overlying conglomerate adopted as the base of the

Silurian system.

This lithological break, with the accompanying unconformity, is

constant throughout Spiti and Bashahr. The section above described

is the most complete yet found, and the unconformity between the

shales and quartzites (bed 18) and the overlying conglomerate (bed

19), although distinct, is not pronounced, but a few miles further to

the south, on the right side of the Parahio and in the high range

between that river and the Pin valley, as also in the Thanam river in

Bashahr, ample evidence of the break exists ; the conglomerate is found

resting on a denuded surface o( the cambrian rocks, the greater part of

the fossiliferous beds having in some instances been removed prior to

its deposition.

To the west and north the upper cambrian system is found chiefly

in the great snowy range separating Spiti from the Kulu valley, and is

to a large extent inaccessible, but wherever seen, similar denudation of

the older rocks is found to have taken place before the deposition of

the conglomerate.

Even before the close of the cambrian period local disturbance

^ ., , , ,
appears to have set in. Evidence of this is found

Evidences of local

disturbance during on the right bank of the Parahio, above Changnu
upper Cambrian times. ^ , .1 ^ -i 1 -i. u • ^ j.'^'^ L. Cj., where the trilobite-bearmg slates are over-

lain by the following series of beds :

—

19. Conglomerate.

Unconformity.

18. Dark siliceous and carbonaceous slates,

17. Dolomitic limestone, passing horizontally into coarse conglomerate,

16. Red siliceous shale,

15. Dolomitic limestone,

f Pink and red limestone.

(, Grey limestone with shell remains.

It will be seen that this section, which occurs at about a mile to the

south-east of the river, corresponds to the section already described

from the left bank, but between these two localities a striking change

occurs in the upper limestone (No. 17) which passes horizontally into a

great mass of coarse conglomeratCj composed of large blocks of the

C 17 )
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same limestone in a calcareous matrix. Mixed with the limestone

blocks are a few pebbles and angular fragments of quartzite, resem-

bling that of the underlying beds. The conglomerate occurs on both

sides of the river, but is particularly well seen above the right bank,

where it forms a cliff above 250 feet in height, but rapidly dwindles

away on either side and passes horizontally into the normal dolomite.

The main mass of the conglomerate consists of very large blocks,

often as much as a ton in weight, of the grey limestone and of the

dolomite found in the adjacent sections, but near the base of the

cliflf it is composed of large boulders—many being of quartzite—from

six inches to a foot in diameter, embedded in a siliceous and slaty

matrix. This rests on an eroded surface of upper cambrian slates

and quartzites (PI. VI). It would appear, therefore, that towards

the close of the cambrian period disturbances had begun to take

place locally, resulting in contemporaneous erosion. The original

conditions, however, seem to have been soon restored, for both the

conglomerate and the dolomite are overlain by the same band of dark

slates (No. 18), above which occurs the great cambro-silurian uncon-

formity, which extends throughout Spiti and Bashahr.

No further evidence of local disturbance during upper cambrian

Cambro-silurian
times has been observed, for the highest beds

unconformity. of that system have been found only in the

Parahio valley. Thus, on the high range to the west of Muth in the

Pin valley and a few miles south-east of the Parahio, the lower silurian

conglomerate rests in places on a small thickness of the lower dolomite

(bed 15), and in places on the underlying slates, while on the lower

spurs on either side of the Pin river, the dolomite has completely

disappeared and only the lower beds of the upper and middle cam-

brian are found. Higher up the river also, near Baldar, the upper

beds are entirely absent.

Still further to the east, in the valley of the Thanam river, near

the junction of that river with the Chokdinjan Chu, the greater part

of the upper and middle cambrian series has been removed. No

trace is seen of the dolomite, the conglomerate being underlain

( 18 )
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about 150 feet of shale and slate resting upon the basal quartzites

(No. i). These in turn pass down into the red, ferruginous and car-

bonaceous series.

Further east, again, in the lower Thanam valley, the trilobite beds

appear to be entirely absent, and on the southern side of the Hang-

rang Pass the silurian rocks lie upon the red and carbonaceous

slates. Here, however, and indeed throughout Bashahr, the rocks

are greatly disturbed, and the junctions frequently confused by

faults : this is especially noticeable in the hills on the right side of the

Sutlej and lower Spiti rivers, between Sungnam and Lio, where

faults and granite intrusions are numerous, and the older palaeozoic

beds both altered and disturbed.

It has been seen, therefore, that the pre-silurian rocks of Spiti fall

, into three main subdivisions

—

Subdivisions of pre-

silurian beds of Spiti. (c) an upper, fossiliferous series of slates,

quartzites and dolomites, only the lowest beds

of which have been found in the areas examined by previous obser-

vers: thickness—about 1,200 feet;

(3) a middle subdivision, consisting of bright red and black (fer-

ruginous and carbonaceous) slates, with some quartzites ; this is well

developed in the Pin, Parahio and Thanam valleys, and presumably

corresponds to Mr. Griesbach's upper haimantas : thickness—about

1,000 feet

;

{a) a series of dark slates and quartzites, corresponding to

Mr. Griesbach's middle haimantas: thickness—between 2,000 and

3,000 feet.

The age of the highest member [c) is undoubtedly upper, and

possibly in part middle, cambrian, and considering the relative thick-

ness of this and the lower subdivisions, and comparing these with the

thickness of the cambrian system in other parts of the world, it would

seem quite justifiable to include the whole sequence, which is a per-

fectly continuous one, in the cambrian system, and thus dispense in

Spiti with the provisional terms " Bhabeh series," originally proposed

by Stoliczka, and " Haimanta," subsequently adopted by Griesbach.

C 2 ( »9 )
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Chapter III.

SILURIAN SYSTEM.

Throughout Splti the cambrian beds are overlain by a great

., . system of shallow-water deposits, broadly con-
Lower Silurian con*

,

glomerate and quart* sisting of conglomerates at the base, followed

by grits, and passing up gradually into a thick

mass of gritty quartzite, with occasional thin bands of shale.

The age of these rocks has hitherto been regarded as upper

Silurian. By Stoliczka it was included in his Muth series, of which

it formed the lowest member; that series he regarded as of "upper

Silurian " age, but it has already been stated that he most probably

included the cambrian in his silurian system, and his "upper Silurian"

would therefore include the whole silurian system of the present

memoir.

By Mr. Griesbach the quartzite was regarded as of upper silurian

age and identified by him with a similar formation found in Kumaon

and Garhwil.

In Spiti, internal evidence of the age of the series is entirely

wanting, for no fossils have been found in it anywhere, but it overlies

—

though unconformably—upper cambrian beds, and underlies a series

of quartzite, shale and limestone, the lowest beds of which are

almost certainly not younger than Caradoc.

The lower silurian system of Spiti has been described by Mr.

Griesbach as consisting of "thin-bedded, coral limestone of dark grey

colour, with occasional intercalations of siliceous and shaly beds of

greenish and pink colour. Near its junction with the red quartz

shales, beds of dark (fossiliferous) coral limestone alternate with the

red shales, which are often replaced by greenish-grey beds of other-

wise similar lithological character."^ The thickness of this series he

states to be about 300 feet.

Memoirs, G. S. I., vol. XXII 1, p. Ji».
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In spite of repeated and careful search, no trace of this limestone

was found below the red silurian quartzite in normal sections either

by the late Dr. von Krafft or by the present writer. The section on

which Mr. Griesbach's description was based is presumably that near

Muth, where the beds have been somewhat disturbed, and without

the assistance of the sections seen on the opposite side of the Pin

river and in other parts of Spiti the true sequence might be some-

what difficult to determine.

The following may be taken as a type of the sequence of beds

between the cambrlan (upper) quartzites and the silurian quartzite :

—

ig.

Red, gritty quartzite, about .... 1,500 feet.

/. Grit and quartzite, passing down into coarse conglo-

merate, which alternates with quartzite . . 100 „

e. Conglomerate, composed of fragments of white

quartz (often angular) in fine-grained slaty matrix 2 „

d. Coarse, reddish and purple conglomerate . • 73 »

( c. Purple quartzite, with slate . . . . . 50 „

Cambrian
^' quartzite, passing down into greenish

slates 32 „

Purple quartzite, and slate.

This section is seen near Shidn, in the Pin valley, a few miles south

of the village of Muth.

The slates (c) contain fragments of trilobites resembling those found

in the lowest beds of the fossiliferous series of the Parahio valley.

1 he above series represents the alternating beds of " conglomerate

and sandstone " described by Stoliczka as underlying the lowest sub-

division (" purple rocks ") of his " Muth series." Beds (c) and (d) are

separated here by a fault (PI. VIII) which continues across the Pin

valley and is seen again near Muth : it does not, however, affect the sec-

tion to any appreciable extent, for the sequence is almost identical with

that seen in the unfaulted sections high up among the hills to the west-

south-west of Muth.

On account of the unconformity which has been shown to exist

between the upper cambrian beds with trilobites and the conglomerates,

it has been, for reasons stated in the last chapter, considered advisable

to adopt the latter as the basal bed of the silurian system. As might

( 21 )
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be expected, the conglomerate series is itself somewhat variable, both in

character and thickness. This will be seen most readily from adescrip-

Conglomerate in Pin ^^^^ ^ the more important sections.

valley. lha.t at Shian has already been described ; but

others are seen in the high range to the south-west of Muth, near Baldar,

in the upper Pin valley, in the valley of the Parahio and in the Thanam

valley in Bashahr. Numerous other exposures occur, chiefly near the

heads of the rivers flowing into the Spiti river from the south-west,

but those enumerated above will be sufficient to indicate the salient

characters of the series.

In the Parahio valley, the two sections, from which the Cambrian

, „ rocks have been described, also afford typical
In Paranio valley.

exposures of the lower silurian beds. In the

hills on the right bank of the river, the sequence is as follows (in

descending order) :

—

4. Pinkish-red quartzite, passing down into red-

dish grit about 1,500 feet.

3. Conglomerate, composed of large pebbles of

quartzite and quartz, in a fine, gritty matrix . ,, 50 „

2. Hard, gritty sandstones, with pale yellowish-

grey and white quartzite ... . „ 20 „

I. Conglomerate, composed of pebbles of quartzite,

with some larger boulders of upper Cambrian

dolomite . . . . . . • ,. 30 „

The two bands of conglomerate differ slightly from one another, for

the lower bed contains, in addition to pebbles of quartzite, most of which

range from three to six inches in diameter, larger pebbles of the under-

lying dolomite, not, however, in any great quantity ; the upper bed

appears to contain only quartzite and quartz, and passes through grits

into the red quartzite.

In this particular section the two conglomerates are separated by a

band of finer material, which is of very variable thickness, ranging from

about 20 feet to a mere thread, and sometimes dying out altogether :

this is the case in the section on the left bank of the Parahio (PI. VII),

where, however, the other characters are the same as those in the sec-

tion just described.

( 22 )
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Near Prdd5, in tlie upper Pin valley, the whole of the silurian system

is enclosed in a great synclinal lying on the ui)per cambrian slates, and

cut off on either side by faults. On the opposite nde of the river, be-

hind Baldar, this synclinal caps the ridge to the north of the Bhabeh

Pass and runs on to the south-east into the valley of the Teti river in

Bashahr. The conglomerate forms a very distinct and conspicuous

dark band below the red quartzite.

In the valley of the Chokdinjan stream in Bashahr, at about a mile

above its junction with the Thanam river, the conglomerate, which lies

on the lower beds of the trilobite series, forms a single band 40 feet

thick, composed of boulders of slate and quartzite in a red, gritty matrix

and passes up gradually through pebble beds and grits into the overly-

ing red quartzite.

The red quartzite calls for little notice
;
except in regard to colour,

its characters are constant throughout Spiti and
Red quartzite.

, , » . , » . , .

Bashahr. A typical section is seen at about one

mile south-west of Muth, where the rock is a dark pinkish-red— at

times carmine—quartzite, usually gritty and occurring in beds of

about 2 feet in thickness. With it are interbedded thin layers of

a lighter coloured shale. The thickness of the whole mass is about

1,500 feet. No trace of fossils was found anywhere in the quartzite or

in the shales. In disturbed areas where the rocks have suffered from

dynamo-metamorphism, the quartzite has undergone little alteration

beyond a loss of colour. This is especially noticeable near Prada in

the Pin valley, below Pamachaung, on the path from Rupa to the

Manirang Pass, at Hango, and on the south side of the Hangrang

Pass; in the two last-named localities the rock is pale pink, at

times almost white, and in the latter case might easily be mistaken

for the " Muth quartzite," which, however, belongs to a higher

horizon.

Towards the top, the quartzite becomes more thinly bedded and is

gradually replaced by flaggy beds and siliceous shales, which pass up

into a system of shale, marl and limestone which constitutes the middle

division of Stoliczka's " Muth series "
; he describes it as a system of

( 23 )
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Silurian limestones.

" arenaceous limestone, in parts largely siliceous, with beds of purer

limestone of dark colour." The fossils that he obtained from these

rocks were, apparently, too fragmentary and too poorly preserved to

admit of specific determination, but from their general facies he was

disposed to regard them as of silurian—probably

upper Silurian—age. An examination of the

collections made during the last few years proves that this conclusion

was correct. The age of the uppermost member of his " Muth series
"

—the white " Muth quartzite "—is still doubtful, but the beds be-

tween it and the red quartzite have now been found to contain fossils

of both upper and lower silurian age.

Near Muth, on both sides of the Pin river, good sections of this lime-

stone series are exposed, that on the right bank being, perhaps, the

better of the two. Near Shidn the red quartzite passes up through

thin-bedded red and green quartzites and siliceous shales into the lime-

stones the series falls stratigraphically, and to some extent lithologi-

cally, into the following subdivisions :

—

White" Muth " quartzite, passing gradually down into

8. Reddish-brown quartzite, underlain by grey sili-

ceous limestone, weithering red and pink . . about 80 feet.

7. Grey limestone, weathering red and brown, with

red and brown marls . . . , • »> 70 „

6 Grey coral limestone . . . . . • .» 50 „

5. Shaly limestone, with brachiopods, gastropods, and

corals . . . . . • . • », 30 ,)

4. Hard, grey dolomitic and siliceous limestone, with

grey and green shales . . . • »i 40 „

3. Dark grey limestone, weathering brown, with

Cystidea above and brachiopods below . • »> 30 „

2. Dark, foetid limestone, with shaly lirNestone and

shale bands : brachiopods and trilobites . . „ 200 1,

\. Shaly and flaggy sandstones and quartzite, with

Orthis SLwd plants, passing down through red

and green thin-bedded quartzites and siliceous

shales into the red quartzite . . , • „ 150 „

Fossiliferous hoiizons.

( 24 )
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The only fossils found in the lowest bed (No. i) were impressions of

Orthis sp. ind., plant remains, including Bulhotrephis sp, cf. gracilis,

Hall, and crinoid stems.

The overlying limestone (No. 2) contains numerous fossils, chiefly

trilobites and brachiopods, the latter belonging
Trilobite limestones. , ^, ^7 i.i

to the genus Strophomena ; the commonest

forms are—

Chtirurus cf. obtusatus, Cord,

„ sp.

Illesnus punctulosus. Salt.

„ sp.

Asaphus cf, emodi, Salt., and other species,

Calymene cf . nivalis, Salt.

(?) Bronieus sp,

Strophomena cf. alternata. Sow,

„ chamerops, Salt.

„ trachealis, Salt.

„ cf. lineatissima, Salt.

Leptcena sericea, Sow.

Orthis, sp.

Tentaculites, sp.

Stromatopora concentrica, Goldf.

Several of the above forms are characteristically lower silurian, and

the limestone is probably of Caradoc age. It will be noticed that some

of the species have been identified with forms collected by .Strachey in

Niti ^ and described by Salter.* There is, indeed, little room for doubt

that the series of limestones, shales and marls between the lower

silurian red quartzite and the white (Muth) quartzite of Spiti is the

western continuation of the beds from which Strachey's collections

were obtained.

Above the trilobite limestone is a band of hard, grey and brown

limestone (3), about 30 feet thick, which contains brachiopods in the

lower layers, and Cysttdea in the upper. The brachiopods appear to

belong chiefly to Orthis flabellulum, Sow., with which are associated

Atrypa hemiplicata, Hall, and corals, chiefly species of Favosites.

•Quart. Journ. Geol, Soc., vol. VII (1851), p. 303.

•Palaeontology of Niti.
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Coral limestone.

Near the top of the limestone is a band containing numerous Cystidea,

chiiif\y Pyrocystites pirum, Barr., and Craterma sp.

This bed therefore in all probability belongs also to the lower Silu-

rian. It is overlain by about 40 feet of hard, grey limestone and*

greenish shale, from which no recognisable fossils have been obtained.

The next bed (5) is a shaly limestone, containing numerous badly pre-

served brachiopods and gastropods, with corals ; most of the brachiopods

are too badly preserved for identification, but include Strophomena

rhomboidalis, Wilck., Meristella [Atrypd) cylindrica, Hall, Orthis sp.

The gastropods belong to the genus Pleurotomaria, and the corals

to Cyathophyllum and Chxtetes : Orthoceras sp. is also common.

This is overlain by about 50 feet of grey limestone, contain-

ing large numbers of well-preserved corals, which

include—

Halysites caten-ulatus. Linn.

Chesiefes yak, Salt.

Lyellta sp.

, Favosites sp.

Cyathophyllum sp.

Syringopora sp. also occurs.

Halysites catenulatus and Chaetetes yak are very common.

This bed appears to be Mr. Griesbach's "hard, dark, concretionary

coral limestone," which he regarded as devonian.

The next bed (7) consists of shaly limestone and grey siliceous and

" Red crinoid lime- A^ggy limestone, weathering bright brownish-red.

stone."
j|. contains numerous fossils, mostly, however,

preserved only as casts and moulds : in places the weathered surface of the

rock is covered with fragments of crinoids ; it therefore probably repre-

sents Mr. Griesbach's " red crinoid limestone." The shaly bands contain

numerous brachiopods, of which the following are the commonest :

—

Orthis thakil var. convexa, Salt.

„ „ „ siib-divisa, Saft.

„ cf. elegantula, Dalm.

Leptcena depressa, Dalm.

Chonetes sp.

Orthoceras sp. also occurs.
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This band probably includes also Mr. Griesbach's "earthy, grey

crinoid limestone."

It passes up into a series of hard, light grey, siliceous limestones,

which gradually become less and less calcareous, and pass through cal-

careous quartzite into the reddish and brown quartzites which form the

lowest beds of the " Muth quartzite."

These siliceous limestones contain a few fossils, which, owing to the

hardness and homogeneity of the rock, can be seen only on the wea-

thered surfaces
;
they include—

Favosites sp.

Bellerophon sp.

and badly preserved casts of cephalopods. In the Parahio valley, near

Gyetzan (Gaichund), the same beds contain also numerous casts of

„ . ^ J iJ) Pentamerusoblongus^Sow. The rock is unfor-Pentamerus bed.
i i i i .

tunately so hard that fossils cannot be extracted,

and the identification of Pentamerus oblongus is therefore not abso-

lutely certain, but the specimens seen on the weathered surface corre-

spond so closely with that species that they may be referred to it with

a very great degree of probability.

It is evident, therefore, that the whole series included between the

Age of limestone red quartzite below and the white (Muth) quart-
series, zite above is of silurian age, and includes both

upper and lower silurian beds. The lowest subdivisions (i to 3) prob-

ably include the Caradoc and possibly lower stages, while the coral

limestone may perhaps be referred to the Llandovery or Wenlock
These correlations, however, are only tentati\ e, and until the collections

have been worked out in detail, it will be impossible to recognise defi-

nite horizons with any degree of certainty
;

nor, indeed, has such detailed

work been aimed at in the present memoir, which does not pretend to

do more than give a somewhat general account of all the stratified rocks

of Spiti, leaving the determination of the smaller subdivisions for future

opportunities of detailed study.

The two lower subdivisions of Stoliczka's "upper silurian" or
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" Muth series " have now been dealt with and their age determined

with a fair degree of certainty. The uppermost
ut quartzite.

member of that series is a hard, white quartzite,

frequently containing brown specks of ferruginous matter. About half

a mile to the west-south-west of Muth it forms a great wall of rock,

nearly five hundred feet high, dipping at about 50° to the north-east.

In its lower beds it is brownish and thin-bedded, and passes down

very gradually into the grey, calcareous quartzites and siliceous lime-

stones with Pentamerus oblongus»

No trace of fossils has been found in the quartzite, and its age can

only be inferred from that of the rocks above and below it. There is

little doubt that it is immediately underlain by upper silurian beds
;

above, it passes up gradually into a series of hard, siliceous limestones,

the age of which is doubtful, jput which, as will be seen in the following

chapter, may belong to the devonian system. Hitherto, Stoliczka has

stood alone in including the Muth quartzite in the silurian system, and

it might seem undesirable, in view of the opinions expressed by subse-

quent observers, to adopt his classification in the present memoir, but

since internal evidence of its age is entirely wanting, it has been deemed

advisable to describe it with the rest of the series in which it was ori-

ginally included. At present it is only possible to assert that its age is

either upper silurian or devonian, and until more detailed researches

shall have fixed definite horizons above or below it, the question must

remain open.

In the " Manual of the Geology of India," the Muth quartzite has

been included in the carboniferous system. This is mainly in con-

sequence of the observations of Mr. Griesbach in the Kumaon and

Garhwdl Himalayas, and subsequently in Spiti. By Mr. Oldham, also, it

was correlated with a certain white quartzite found in Kashmir among

beds yielding a carboniferous fauna. This correlation was apparently

based on its lithological resemblance to the Kashmir rock and also on its

position at the base of Stoliczka's carboniferous " Kuling series." The

only sections found along the route traversed by Mr. Oldham, viz., those

at Muth and Kuling, would seem to support this view, but subsequent

( 28
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examination of a wider area has proved that the sequence, as seen

at these two villages, is very incomplete, for in other localities the

carboniferous rocks include several bands of quartzite, all exactly

similar to one another and to the Muth quartzite, while one of the

highest of these occurs immediately below limestones containing a rich

carboniferous fauna.^

In Kumaon and Garhwdl a white quartzite has been described by

Eastern representa- Mr. Griesbach as overlying his "red crinoid

lives of Muth quartzite. limestone," and has been identified by him with

the Muth quartzite,—an identification which is almost certainly correct.

Since he believed the " red crinoid limestone " to be lower carboniferous,

he naturally referred the white quartzite to the upper part of the

same system. It has, however, now been ascertained that the Spiti

representative of the " red crinoid limestone " is certainly not younger

than upper silurian, and in view of the gradual passage between it

and the Muth qijartzite, and the complete absence of unconformity,

it is safe to assert that the latter formation is not younger than

devonian.

The silurian system, as described above, extends with little

Extent of silurian variation throughout the whole of Spiti. To the

system. south-east it passes over the dividing range into

the valleys of the Thanam and Teti rivers in Bashahr (PI. X), and can

be traced along the hills on the left side of the Thanam valley to the

Hangrang Pass. In this area it is of smaller extent than in Spiti, having

been greatly eroded in permian times (PI. XI) ; in places the whole

of the Muth quartzite and silurian limestone have been removed

and the permian beds are found resting on the red, lower silurian

quartzite. Similar erosion of the Muth quartzite was noticed by Mr.

Griesbach in Niti.*

To the north-west the silurian beds are found at Tr^kse, near

Losar in upper Spiti, on the road to the Kunzam Li, where they are

* It is not, however, intended to imply that this quartzite is necessarily the

equivalent of the Kashmir band.
' Memoirs, G. S. 1., yol. XXllI, p. 62.
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considerably crushed and faulted, but in other respects similar to the

type series at Muth. From the summit of the Kunzam Pass they can

be seen running northwards along the left side of the Chandra valley,

and, further on, their presence has been recorded by Stoliczka in North

Lahaul.^ Here he found traces of Orthis and trilobites in a light-

coloured limestone, which, however, he referred to his Bhabeh series

(cambrian of this memoir). It is possible that the limestone may

represent the cambrian dolomite of the Parahio, but there is no trace

of this rock in the intervening area, i.e., in upper Spiti and on the

Kunzam La, where the lower silurian conglomerate rests on the

lower beds of the upper cambrian, and it is probable that the Lahaul

rock is really silurian. This, unfortunately, cannot be ascertained by

reference to Stoliczka's collections, which, with the rest of his and Mr.

Griesbach's palaeozoic fossils, have been for many years in England

awaiting description.

How far this system may be represented in 'Kashmir it is at

Possible representa- Present impossible to say. The lower con-

tives in Kashmir. glomerates and quartzite may possibly find their

equivalents in Lydekker's Panjil system, to which they appear to

have some lithological resemblance, but, as will be seen below (p. 57),

certain beds, which occur at a very much higher horizon, have

also lithological characters very similar to those of the Panjal rocks,

and it is therefore unsafe to attempt any correlation on this basis.

Nor do the stratigraphical features of the Panjal rocks offer any

assistance, for they do not appear to include any fossiliferous beds

similar to either the cambrian or the silurian of Spiti, while their

structural conditions are so highly complicated by supposed inversions

of the strata, that in many cases their true relations to the now under-

and over-lying beds may be the reverse of what they appear, and

until fossils have been found in the older palaeozoic rocks of Kash-

mir, the only hope of correlating them with thoi.e of Spiti will lie in

tracing the series of known age continuously from one area into the

other.

* Memoirs, G. S. I., vol. V, p. 341.
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In the face of such difficulties in the immediate neighbourhood of

Spiti, it might seem futile to go still further afield, and beyond

Kashmir, in search of an equivalent of the silurian system of Muth,

but it is necessary to refer to an interesting paper recently published

by General McMahon and Mr. Hudleston,^ dealing with a series of

fossils collected by Captain Gurdon on the bank of the Chitral river,

Red sandstone, con- betvv^een Chitral and Mastuj. An account of the

glomerate and devo- ^ j locality was contributed by Major
man limestone of -'

Chitral. McMahon, who mentions three distinctive hori-

zons, viz., a conglomerate, a red sandstone, and a limestone. The

conglomerate is the lowest, and is overlain by the red sandstone.

The limestone, which is the uppermost member of the series, yielded

the fossils which have been described by Mr. Hudleston, who considers

that they are undoubtedly devonian. Major McMahon does not say

whether the limestone immediately overlies the red sandstone or is

separated from it by other beds, but his diagrammatic sketch^ does not

preclude the latter possibility. Should the conglomerate and sand-

stone correspond to the conglomerate and red quartzite of Spiti, the

devonian limestone might be the equivalent of the limestones which

immediately overlie the Muth quartzite, and which may very possibly

be of devonian age.*

[In this connection it is interesting to note that a few years ago

a small collection of fossils was sent to the Geological Survey of India by

Lieutenant Grant from the Baroghil Pass in Chitral. They consist of

fragments of a trilobite {Phacops sp.), a Spirifer, Orthis, and some

Bryozoa in a compact, grey limestone. The materials are not sufficiently

good to admit of specific determination, but they resemble devonian

species.]

In the annexed table will be found the correlation and subdivisions

, ,. . . , of the lower palaeozoic beds of Spiti adopted
Subdivision and cor- ^ r r

relation of lower respectively by Stoliczka, Griesbach and the
palaeozoic beds.

present writer.

* Gaol. Magazine, January and February 1902.

' Geol. Magazine, January 1902, p. 5, fig 2.

» Infra, p. 34.
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Chapter IV.

DEVONIAN (?), CARBONIFEROUS AND PERMIAN.

It is a curious fact that although rocks of devonian age had long

, been known to occur on either side of the Indian
Recent discovery of

devonian beds in Empire, yet, until quite recently, none had been

found in the intervening area. During the

field season of 1899- 1900, Mr. T. D. La Touche, assisted by Mr.

P. N. Datta, made the first discovery of devonian fossils, in the

Northern Shan States, and during the subsequent season, Mr. La

Touche succeeded in obtaining a large collection of well-preserved and

thoroughly characteristic species. Almost simultaneously with IVtr.

and in the Hindu '-'^ Touche's discoveries in the most easterly part

Kush. Qf ^j^g Empire, the collection of devonian fossils

mentioned in the last chapter was made by Captain Gurdon, in the

Hindu Kush, thus bringing the devonian beds almost to the confines

of the Himalayas, but as yet no fossils which could be unequivocally

referred to that system have been discovered in this great mountain

range.

In the Niti area and in Spiti, Mr. Griesbach has described a " hard,

dark, concretionary coral limestone," varying in thickness from 650 to

nearly 1,000 feet, which he believed to be of devonian age. This

correlation, however, is not based on the evidence of fossils, but depends

on the fact that the limestone overlies the red quartzite, regarded by

him as of upper silurian age, and underlies the "redcrinoid limestone"

which he ascribed to the carboniferous system. From the section

south of Muth, in Spiti, he describes his devonian system as " a thick-

ness of from 700 to 800 feet of a very dark, hard limestone, concre-

tionary in parts, alternating with dark, splintery shales." ^ This can

only represent the limestone series, described in the last chapter,

which overlies the red silurian quartzite and has now been found to

P

* Memoirs, G. S. I., vol. XXIII, p. 21A.
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contain lower, and probably also upper, silurian fossils. It is evident,

therefore, that the Himalayan equivalent of the devonian system must

be sought for at a higher horizon, which, as already shown, must be

situated at least above the base of the Muth quartzite.

In the valleys of the Lipak and Yulang rivers in Kanaur, this

Devonian in
quartzite passes up, through shaly beds and nar-

Bashahr. row bands of quartzite, into a series of siliceous

and shaly limestone, with hard, nodular, coral-bearing bands. At about

So feet above the Muth quartzite is a bed of grey limestone contain-

ing corals, crinoids and brachiopods. The matrix is very hard and

siliceous, and the fossils are most clearly seen on the reddish-brown

weathered surface of the rock. They are unfortunately all badly

crushed and cannot be determined with any degree of certainty, but

the brachiopods include large numbers of a form very closely resem-

bling Streptorhynchus umbraculum, Schloth., with species of Orthis,

Atrypa aspera, Schloth., and Cyathophyllum sp. These beds form

the base of a series of dark, splintery limestones, about 300 feet thick,

in which, with the exception of four bands of coral limestone, no other

fossiliferous horizons have been found.

The coral bands occur at intervals through the limestone, and

vary in thickness from i to 3 feet. They appear to be composed

entirely of a species of Cyathophyllum, but the original fossils have

been almost entirely replaced by crystalline calcite and silica, and

their internal structure to a great extent obliterated. It is possible that

this series may represent the whole or a part of the devonian system,

but in all the localities visited, the fossils are too badly preserved for

reliable determinations.

It has already been stated that the palaeozoic beds have undergone

erosion, which took place between carboniferous and permian times
;

owing to this, the limestone just described is frequently wanting in the

palaeozoic sections. In Spiti, however, it is found at Trdkse, near

Losar, where it is greatly crushed, but contains brachiopods similar to

those found in the Yulang valley. The same beds probably occur at

Muth also, but no determinable fossils have been found.

• ( 34 )
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It was believed by Stoliczka that the paljeozoic systems of Spiti

Stoliczka's "south- comprised two distinct facies, termed by him the

em and eastern facies." southern and the eastern respectively. The

southern facies was that exposed in the Pin valley, where the

section includes the older palaeozoics described in the last two

chapters, and regarded by Stoliczka as silurian. In the eastern

facies he included a great series of shale and quartzite found in

the lower Spiti valley, at and beyond the village of Po ; this he

identified with his Bhabeh and Muth series, considering it probable

that the relationship of the two facies to one another would be ascer-

tained by an examination of that part of Kanaur lying immediately to

the south-east of Spiti. This area was examined for the first time

in any detail by the present writer in 1899, and it was definitely

ascertained that the eastern was not the equivalent of the southern

series, but was very much younger.

At Muth the white (Muth) quartzite passes up through arenaceous

Carboniferous beds ^"'^ shaly beds into a mass of dark limestone,

atMuth. which has a thickness of between 300 and 400

feet, and has yielded a considerable number of fossils, mostly, however,

rather badly preserved. Further down the Pin valley, at Ruling, the

same limestone is again seen ; it is perhaps a little thicker here, but

is in other respects similar to that seen at Muth. At each of these

localities the limestone is overlain unconformably by a conglomerate

followed by a bed of calcareous sandstone and black shales (the " Pro-

ductus shales "). It will subsequently be seen that these upper beds

are of permian age.

The unconformity between the permian beds and the underlying

Carboniferous-per- limestone was first noticed by Stoliczka and sub-

mian unconformity. sequently confirmed by Griesbach, who had also

observed a similar break at the base of the permian beds in the more

easterly parts of the Central Himalayas.^ As the horizon of the white

quartzite is followed from Muth towards the south-east, the permian

beds are found to rest on lower and lower horizons of the underlying

1 Memoirs, G. S. I., vol. XXIII, p. 63.
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systems, till in the Thanam valley they lie on the red, lower silurian

quartzite ; as they are traced further eastwards, the upper beds of

the Silurian re-appear, till at length, near Hango in Kanaur, a few

patches of the Muth quartzite are found ; these gradually pass into the

full thickness of that formation, and in the valley of the Lipak river,

the upper palaeozoic systems occur in the fullest development to which

they have hitherto been known to attain in the Himalayas.

Here the Muth quartzite is overlain by a series of limestone

Carboniferous lime- quartzite over 2,000 feet thick, which is

stones of Kanaur. turn succeeded by an even greater thickness

of dark shale and quartzite, passing up near Po, in the Spiti valley,

into conglomerate and calcareous sandstone, which immediately underlie

the permian " Productus shales." This great series, the total thick-

ness of which, including the " Productus shales," cannot be less than

5,000 feet, represents the carboniferous and permian—and probably

also devonian—systems of the Himalayas.

Lithologically, the series falls into two subdivisions, a lower consist-

ing of quartzite and limestone, and a higher composed of quartzite and

shale.

The lower subdivision is found in its fullest development in

the hills above Lio in Kanaur, where it forms the ridge separating the

Lipak and Yulang rivers. At the opposite end of Spiti, at the head

of the Spiti river, it is also largely developed, but the total thickness

is probably less than in Kanaur ; the beds, however, are crushed

and faulted, and only a few of the Lipak horizons can be recognised.

At the point where the upper mountain track to Hango leaves

the Lipak river, the hills on either side of the stream rise sharply

up in steep precipices to a height of some 4,000 feet above the

river ; those on the left bank form one side of the ridge which

separates the Lipak and Yulang rivers. Near the summit of the

ridge is the camping-ground of Tangd, between which and the river

below the rocks afford a section of almost the whole of the silurian

system, with the Muth quartzite and the overlying limestone and

quartzite series. Near the middle of the section a bright, reddish*
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Thickness.

brown band represents the weathered ?ilurian limestone, above which

the white Muth quartzite forms an equally striking horizon.

The total thickness of the succeeding limestone and quartzite

series is probably almost 2,000 feet; the section

was measured from the top of the Muth quartzite

up to the camping-ground of Tak-ra-chen, which is a little below

Tanga, but owing to the physical difficulties involved, the following

measurements are only approximate :

—

" Po series " of shale and quartzite,

7. Yellow and buff limestone. Dark, flaggy limestone, hard

and splintery . . . . . , . . j
6. Limestones, with thin bands of soft shale ; fossiliferous")

horizons occur at the following heights above the white

quartzite No. 5

Grey shale ( horizon g), 372 feet above No. 5

500 feet.

Limestone ( „ / ), 303 » »
Shale ( „ e), 263 „

Limestone ( „ 188 „ „

Shale ( „ c), 123 „ „

Shale ( „ b), 117 „

Flaggy )
( „ a ), extending from 12 feet to

limestone. ) 37 feet above No. 5 .

5. White quartzite ........
4. Hard, dark limestone, containing apparently only crinoids

3. White and grey quartzite, with purple slates and subor-

dinate bands of flaggy limestone .....
2. Limestone, weathering yellow and reddish-brow n

I. Hard, dark grey and black splintery limestone in beds of

from 2 feet to 4 feet thick, with coral bands at 283'— 4',

262-5', 152'— s', 95-97'

!• 372

25

185

224

131

360

Total thickness 1,797 feet.

Muth quartzite.

The lowest subdivision (No. i) of the above series has already

Fossiliferous been described. With the exception of the bands

horizons.
corals, no fossils were found in it between

the Lipak river and Tak-ri-chen : sections of brachiopods were seen

in the rock, but nothing could be extracted. On the opposite side

of the ridge at about 1,000 feet above the Yulang river, the fossils
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*

already mentioned [supra, p. 34) were found; as stated above, they

are too badly preserved to afford definite proof of the age of the lime-

stone, but it may perhaps represent part, at least, of the devonian

system.

With the exception of crinoid remains in No. 4, the overlying

beds (2 to 5) have yielded no fossils, and their age is therefore un-

certain. The two quartzites, Nos. 3 and 5, closely resemble the Muth

quartzite, for which they might very easily be mistaken. They are

seen in the Yulang river and again at Gyumdo E. G. on tlie left bank

of the Spiti river, in the Tibetan province of To-tzo (or Tso-tso), where

they and the accompanying limestones have been greatly altered

by contact-metamorphism. Here they were supposed to represent the

Muth quartzite, but the subsequent discovery of the series in the

Lipak river proved that this correlation was erroneous.

The third quartzite (No. 5) passes up into a series of limestones

(6) with thin partings of shale. This subdivision is more or less fossili-

rerous throughout its whole extent, but the beds have been often

much crushed and folded, and the fossils are in many cases too badly

preserved for identification. Certain horizons, however [a tog, PI. 11),

were found, in which the fossils were in a very fair state of preserva-

tion, and from these a large collection was obtained.

Horizon [a).—The lowest horizon [a] occurs about 12 feet above

the uppermost white quartzite (No. 5), and consists of a highly fossili-

ferous band of rock of about 25 feet in thickness. The specimens

obtained from this bed include the following forms :

—

Productus cora, d'Orb.

„ semireticulatus, Mart.

» sp.

Chonetes hardrensis var. tibetensis, Day,

Syriftgothyrts cuspidata, M art,

Spirifer cf. kashmiriensis, Dav.

» sp. •
,

•

Strophomeiia analoga, Phill.

Reticularia lineata, Mart.

Athyris royssii. Lev.

„ subtilita, HalK

(7) Reizia sp.
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Discina sp.

Conocardtum sp.

Aviculopecten sp.

Platyceras sp.

Pleurotomarta sp.

Phillipsia cf. cltffordi, Woodw.
Helodus crenulatus, Newberry and Wortheii.

Polypora sp. and numerous crinoids.

With these occur numerous specimens of Orthotetes sp. or Derhyia

sp., resembling D. senilis, Phill., but the internal characters cannot be

distinguished, and it is consequently impossible to refer them definitely

to either genus.

There can be no doubt that the age of the beds in which the above

fossils occur is carboniferous, and though some of the forms are

common to the whole of that system, yet, from the presence of

Syringothyris cuspidata, Phillipsia cf. cltffordi and Helodus crenw

latus, it seems probable that the limestone is of lower carboniferous

age. The same horizon has been recognised at Muth and Kuling

in the Pin valley and Tr5kse, near the head of the Spiti river.

Horizon {b).—This is a band of shale, 3^ feet in thickness, which

occurs at about 117 feet above the top of the white quartzite (No. 5).

The fossils, though numerous, are much crushed and are often

merely casts or impressions
;
they consist chiefly of large numbers of—

Spirifer f.p. •

Discina nttida, Phiil.

„ cf. nevoberryi, Hali.

Lingula cf. mytiloides. Sow.

Pleurotomarta sp.

Reteta sp.

Horizon [c).—About six feet higher up another band of shale

contains impressions of

—

Spirifer sp.

Rhynchonella pletirodon, PhiW.

Aviculopecten sp.

Orthoceras sp.

The spirifer and Rhynchonella are very common.

Horison ((^).— This horizon consists of a highly fossiliferous bacd
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of limestone, occurring at about i88 feet above the quartzite (No. 5) ,;

it has yielded the following forms :
—

Producfus co^-a, d'Orb,

,, semireticulatus, Mart.

Syringothyris cuspidata. Mart.

Sptrifer, sp.

Rhynchonella pleurodon, Phill.

„ „ var. davreuxiana, de Kon.

Athyris royssii, Lev.

„ subtilita, Hall.

Chonetes hardrensis, Phill.

Strophomena analoga, Phill.

Aviculopecten sp.

Eupliemus urti, Fleming.

Pleurotnmaria sp.

Platyceras sp.

Conulariaci. quadrisulcata. Miller.

Chatetes radians, Fisch.

It will be seen that the forms found at this horizon are to a great

extent the same as those obtained from the lowest band [a], and it

is therefore probable that the whole series from the top of the white

quartzite (No. 5) to this horizon is of lower carboniferous age.

Horizon {e).—At about 75 feet above the last horizon, a band

of shale, i inch in thickness, has yielded the following forms :

—

Rhynchonella pleurodon, Phill.

Chonetes hardrensis, Phill.

Sptrifer sp.

Disciva cf. newberryi, Hall.

Orthoceras sp.

Psammodus sp.

and numerous casts of a bivalve. Immediately above this is a band of

limestone with—

-

Produdus eora, d'Orb.

Rhynchonella pleurodon, Phill.

Orthotetes (?) sp.

Aviculopecten sp.

Euomphalus sp.

'

'This is a small specimen closely resembling E. hecale, HaW, from the

devonian of New York.
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Horizon (/).— Forty feet higher up another band of limestone

contains numerous fossils including

—

Productiis cora, d'Orb.

Productus semireticulatus, Mart.

Spirifer sp.

Athyris royssti, Lev.

Rhynchonella pleurodon, Phill.

Urthotetes (?) sp. (or Derbyia sp., resembling Derhyia regularis,

Waagen).

Terebratula sp.

Fish teeth.

Horizon [g).—The highest horizon in this series at which fossils

were found is a band of light grey, micaceous shale, 372 feet above

the white quartzite (No. 5). This bed contains immense numbers of

Estheria sp.
;
they all appear to belong to the same species, which is

probably new and does not therefore throw any further light on the

age of the shale.

It will be seen from the above lists of fossils, imperfect though

they are, that most of the forms found in the lowest horizon [a) occur

also at higher horizons, and it is therefore probable that the whole

series from the top of the white quartzite (No. 5) to the Estheria bed,

belongs to one and the same subdivision of the carboniferous system,

while the presence of Syringothyris cuspidata renders it probable

that that subdivision is the lower.

The fossiliferous beds pass up into a mass of limestone "about

500 feet thick, of which the lower beds are hard, dark and flaggy

while the upper consist of yellow and buff crystalline limestone. In the

Lipak and Yulang valleys the uppermost beds have been in many

places converted into a very pure, white gypsum. Similar alteration

of the carboniferous limestone has taken place at several other localities,

including Gyumdo E. G. in To-Tzo, HuUng in lower Spiti, the Sumra

Lei (between Sumra and Sh51kar), Tangi Chenmo in the Gyundi

valley in upper Spiti, and above Trdkse E. G. near the head of the Spiti

river. This alteration is not confined to the upper beds, but occurs

at various horizons in the carboniferous limestones.^

* For a fuller description of the gypsum, see below, p. loi.
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The thickness and extent of these beds overlying the Muth quaftz-

Tu- 1 t ite is very variable. They occur in their fullest
I hickness of car- '

boniferous system very development in the section just described. In

the Thanam valley they have been completely

removed by permian or pre-permian denudation, but re-appear to

some extent in Spiti, and at Muth in the Pin valley are represented by

about 450 feet of siliceous limestone, calcareous sandstone and dark,

Carboniferous at fossiliferous limestone. At about the middle of

the series the limestone contains large numbers

of Syringot hyris cusptdata, Mart., Spirifer sp., Dielasma sp. and

Rhynchonella plenrodon, Phill., and 50 feet lower down a band was

found almost entirely composed of Rhynchonella pleurodon. These

beds almost certainly represent the fossiliferous limestones (No. 6)

of the Lipak river, but the underlying beds which, in the latter locality,

are about 1,000 feet thick must be represented at Muth by less than

100 feet of limestone, calcareous sandstone and quartzite, and since the

horizontal distance between Lio and Muth is only between 30 and

40 miles, this must involve a remarkably rapid thinning out of the

lower beds from east to west.

To the north of Muih, at Kuling on the Pin river, the beds im-

Carboniferous at
mediately below the permian unconformity are

Kuling. dark, flaggy limestones, apparently unfossiliferous,

but underlain by a limestone very similar to horizon [a) of the Lipak

section. The commonest fossils are

—

Productus cora, d'Orb.

„ semireticulatus, Mart.

Rhynchonella pleurodon, Phill.

Syringothyris cusptdata. Mart.

With these occur also—

Reticularia lineata, Mart., and Orthotetes (or Derbyia) sp.

This band, which is seen just below the path from Kuling to Kungri,

and again on the road from Kungri to Mikkim, is underlain by a thin

bed of quartzite which passes down into hard limestones and quartzites

overlying the Muth quartzite. 1 he beds below the fossiliferous lime-
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stone appear to be thinner than in the Lipak section but t icker than

at Muth.

Among the Kashmir and Spiti fossils described a few years ago by

Professor Diener are two badly preserved specimens of a form iden-

tified by him with Syringothyris cuspidata, Mart.' They are said

to have been "obtained near Kuling in Spiti, by Dr. Stoliczka, from

a black crinoidal limestone." Professor Diener continues as follows •

" There is some probability of this rock specimen having been derived

from the crinoid limestone horizon which Griesbach has demonstrated

to underlie the white quartzite of Spiti, and which he correlates with

the mountain limestone of Europe. If this probability could be proved,

the presence of Syringothyris citspidata would be strongly in favour

of Griesbach's correlation." ^ The limestone referred to is Griesbach's

"earthy, grey crinoid limestone" which constitutes bed No. 7 of his

sequence (Memoirs, G. S. I., vol. XXIII), and which underlies the

" red crinoid limestone." At Muth, however, the grey limestone in

question has already been shown to be certainly not younger than upper

silurian, nor does it in any respect resemble the black oolitic and

crinoidal limestone in which Syringothyris cuspidata occurs both at

Muth and at Kuling : the latter limestone is, in fact, Griesbach's

" upper carboniferous (8«)," and the presence in it of Syringothyris

cuspidata ^ is, as Dr. Diener remarks, strongly in favour of its being

of lower carboniferous age. It maybe added that Griesbach's "earthy,

grey crinoid limestone," is not seen at Kuling, nor, indeed, within

many miles of that village, the lowest bed exposed being the Muth

quartzite, which forms the core of an anticline between the villages of

Khdr, on the right bank of the Pin river, and Kungri, on the left
;

only the uppermost part of the quartzite is seen at the river-side below

^ Since the above was written, Professor Diener's descriptions of the Spiti

fossils, collected by Dr. von Krafft and the present writer in 1899, have reached

India and are being published in Pal. Indica, Himalayan Fossils, vol. I, pt. 5.

With regard to the identification of the Spiti fossil with Syringotliyris cuspidata,

Mart., see pp. 147-150 and Appendix to that memoir.

* " Anthracolithic fobsils of Kashmir and Spiti," Pal. Indica, ser. XV, vol. I,

pi. 2, p. 76, and pi. IV, figs. 9, 10.

' Ibid
, p. 95.
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Kungri, while the limestone with Syringothyris is well exposed near

the village, although that fossil is not perhaps so common as either

at Muth or in the Lipak section.

To the north-west of Muth, in the valley of the Parahio, near the

Carboniferous in the
village of Gyetzan (Gaichund), the carboniferous

Parahio, Ritang and beds and the greater part of the Muth quartzite
Gyundi valleys.

have been cut out by a fault, but re-appear in

the upper reaches of the R^tang (PI. I, fig. i) and Gyundi rivers

(PI. Ill, fig. i), where their thickness is little, if at all, greater than at

Muth. In the high ranges, however, between the Gyundi river and

the village of I.osar, the beds rapidly thicken, and near Trdkse, at the

head of th( Spiti river, the serie.'^ is thicker than in any other part of

Spiti, though apparently not so thick as in the Lipak valley in

Kanaur. At Trakse the beds have been greatly disturbed and crushed,

Carboniferous of ^ut still contain numerous fossils, which are, how-

upper Spiti. ever, badly distorted. The lowest horizon recog-

nised is that containing (?) Streptorhynchus umdraci/lum,Sch\oih.,

and other brachiopods, already described from the Yulang valley as

of possibly devonian age {supra, p. 34). This is overlain by limestone

and quartzites, above which are flaggy limestones, representing horizon

{a) and containing large numbers of distorted specimens of Productus,

Chonetes and Rhynchonella : the beds between these two fossiliferous

horizons are about 500 feet thick. The upper horizon is overlain by

a series of flaggy limestones, which represent the uppermost sub-

divisions (Nos. 6 and 7) of the Lipak series.

Before attempting to correlate these beds with supposed carboni-

ferous rocks of other areas, it will be advisable to describe the overlying

shales and quartzites, which are found in upper and lower Spiti and

Kanaur, and which constitute Stoliczka's " eastern facies." Owing to

their remarkable development in the neighbourhood of Po, they may

be conveniently termed the " Po series." ^

' In spile of the desirability of eliminating local names, this is not possible in

the present instance, for the age of these beds is still uncertain and they cannot

be definitely referred to either of the upper palaeozoic systems.
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At the head of the Lipak river, the uppermost carboniferous lime-

stones are overlain by alternating beds of shale and
Po series.

quartzite. The thickness of the series is variable :

it appears first on the right side of the Lipak river, where the total

thickness of the shale and quartzite is small, but to the north, towards

Spiti it increases, and in the ranges on either side of the Spiti river

below Po it is not less than 2,000 feet. Near Sumra and Lari the

lower beds of the series consist of shale and quartzite, the former

predominating. The quartzites are yellowish, brownish or white, and

often resemble the Muth quartzite. The shales are usually black, but

near Sumra are reddish- brown and schistose ; this is due to contact-

metamorphism, numerous dykes and sheets of basic igneous rock

(amphibolite and altered dolerite) occurrinij among the sedimentary beds.

In the neighbourhood of the intrusions, the shales have been converted

into hard slates and pyritous and garnetiferous mica schists. One of

these dykes runs for several miles along the hillside between Sumra

and the pass (Sumra La or Shdlkar Li) leading into Kanaur, and is seen

again in the hills on the left side of the Spiti river, opposite Sumra; it

is of very uniform thickness and is inclined at a low angle to the

bedding-planes of the shale and quartzite: it thus frequently resembles,

and is at times, a sheet, and it is probable that it was mistaken by

Stoliczka for a contemporaneous trap flow, for he states that " between

Changrizang and Po beds of greenstone
Supposed contem- ^ -1 n .1 1 ,1

poraneous trap. [occur] all through the series

not in veins, but in regular beds between the other

rocks." A careful examination was made by the present writer of all

the igneous rocks seen between Po and Changrizang, and in every case

they have been found to be intrusive, and although; at times, they

take the form of sheets, yet if followed for any distance, they invariably

cut across the bedding-planes of the sedimentary beds. These ap-

parent sheets can be seen in the neighbourhoods of Sumra and Lari,

wliile near Po—about ? mile north-east of the village—the path

' Memoirs, G. S. 1., vol. V, p. 20.
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passes over a mass of dolerite which has been intruded along a fault

running at right angles to the strike of the shales and quartz ites.

This point is one of considerable importance, for the supposed existence

of contemporaneous trap-flows in these beds in Spiti has been used as

an argument in favour of their correlation with Lydekker's "Panjal,

Normally, then, the series overlying the carboniferous limestones

consists of dark shales and quartzites : in the lower part of the series

shales predominate, but towards the top the two rocks alternate rapidly

and the quartzite bands increase in thickness, till the series becomes

one of quartzite and grit—often calcareous —with thick beds of coarse

conglomerate ; these pass up into a gritty, calcareous sandstone, from 40

to 150 feet thick, overlain by a bed of black and dark brown

shale (the " Productus shales "). The two last-named beds—calcareous

sandstone and Productus shales—are invariably present throughout

Spiti and Bashahr, and constitute the uppermost members of the

palaeozoic group. As already stated, they are in most sections uncon-

formable to the beds on which they rest, but in the northern parts of

Kanaur, and in upper and lower Spiti, the underlying beds occur in

their fullest development, and there is no evidence of unconformity,

for the conglomerates pass up gradually, through calcareous grits, into

the calcareous sandstone.

The complete sequence of the upper palaeozoic systems is therefore

as follows :

—

system " of Kashmir.

5. Productu? shales :

4. Calcareous sandstone

:

3. Conglomerate, grit and quartzite : passing down
• Permian.

into

2. An alternating series of shale and quartzite :

I. Limestones and quartzites of the Lipak river.
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In the next group fossils are very rare, and have been found only at

three horizons between Po and Thcibo. The

Plant''beds.
lowest horizon is a band of green and greyish-

green shales, which is exposed on the left bank of

the Spiti river, about \^ mile above Th^bo. The only outcrop hitherto

observed occurs under a band of quartzite at the water's edge, and

during the summer floods is frequently inaccessible. It has yielded

only poorly preserved plants
;

these, however, have been examined by

Professor R. Zeiller, to whom the writer is greatly indebted for the

following note sent through Mr. R. D. Oldham:—
"The specimens collected in Spiti by Mr. Hayden comprise a

fragment of a simply pinnate frond and numerous pinnulae of

a fern with cyclopterid venation, which does not appear to dififer

appreciably from Rhacopteris inaequtlatera, O. Feistmantel {non

Goeppert sp.) from the Culm of Smith's Creek, Port Stephens, and

Arowa, New South Wales. I have noticed also a very small fragment

of a pinna of another fern very similar to Sphenopteridium furcilla-

tum, Ludwig (sp.), from the Culm or devonian of Hesse-Nassau, but

the specimen is too fragmentary for specific determination. There are

also small fragments of a fern recalling Sphenopteris rigida, Ludwig,

fro.n the same formation, but which are still less fit for definite identi-

fication. It is difficult to draw any certain conclusion from these

materials as to the age of the beds in which they occur, yet the

identity of the fern most largely represented with Rhacopteris inx-

quilatera from the Culm of New South Wales seems to me sufficiently

probable to warrant the inference that the beds belong to the same

horizon as those of Arowa and Port Stephens." ^

* " Les ecliantillons recueillis a Spiti par M. Hayden comprennent un fragment

de fronde simplement pinnee at de nombreuses pinnules d'une Fougere k nerva-

tion cyclopt^roide, qui me parait ne differer par aucun caractfere appreciable du
Rhacopteris incBquilatera, O. Feistmantel [non Goeppert sp.), du Culm de Smith's

Creek, Port Stephens et Arowa dans la Nouvelle-Galles du Sud. J'y ai remarqii^

en outre un trfes petit fragment de penne d'une autre Fougere trfes analogue au
Sphenopteridium furcillatum, Ludwig (sp.), du Culm ou Devonien de la Hesse-

Nassau mais r^chantillon est trop fragmentaire pour 6tre d^termin6 specifiquement.

11 en est de mfeme de petits lambeaux de Fougere qui rapellent le Sphenopteris^
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It is highly probable, therefore, that the lower part of the shale and

quartzite series is liomotaxial with the Culm, while it is particularly

interesting to note that the only form which has been identified with

any certainty belongs to an Australian species. The presence of Culm

beds overlying the limestones of the Lipak river is a further proof, if

such were needed, that the latter should be referred to the lower,

and not to the upper, carboniferous.

Two other horizons are seen in the ridge north-east of Po, a few

Shale with concre- hundred feet above the path to Thabo. The

lower horizon is a. black shale with concretions,

which frequently contain well-preserved fossils, chiefly Brachiopoda.

The shales in this locality are everywhere full of concretions, but

although many hundreds of these have been broken open, they

have been found to contain fossils at only this one horizon, which

consists of two rows of concretions separated from one another by

about two feet of shale ; in the lower row, fossils are rare and consist

chiefly of species of Nautilus, while the upper band contains Brachio-

poda and Bryozoa.

The small collection of fossils obtained from this horizon com-

prises the following forms :

—

Productiis scabricitlus, Martin.

'„ lineatus, Waagen.

Dielasma, sp.

Spirigera sp. cf. gerardi, Diener.

Reticiilaria lineata, Mart.

Spirifer cf. triangularis, Mart.

Nautilus sp.

Orthoceras sp. '

Pleurotomaria sp.

Fenestella sp.

rigida Ludv\ ig de la m^me formation, mais qui sont encore moins susceptibles d'une

determination certaine.

En resume, il est difficile de tirer de ces materiaux une conclusion tout k fait

sure en ce qui toncerne I'age des couches dont lis proviennent : cependant I'identite

de la Fougere la plus abondamment representee avec le Rhacopteris incequilatera

du Culm de la Nouvelle-Galles du Sud me parait assez probable pour me donner

lieu de penser que ces couches doivent appartenir a peu pres au mfeme niveau

que celles d'Arowa et Port Stephens."
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Higher up on the same ridge another bed of shale contains

immense numbers of Bryozoa, with a few badly

preserved brachiopods ; the collections made

from this horizon were sent to Europe for description, and are not

therefore available for examination, but the present writer is greatly

indebted to Professor Diener, to whom the specimens were sent, for

the information that "the Bryozoa appear to be identical with the

leading species from the Zewdn beds of Kashmir." Dr. Diener also

adds that " among the Brachiopoda there is a species of Productus

which is either identical with, or very nearly allied to, P. scabrtculus,

Mart." 1

Owing to the innumerable alternations of exactly similar beds

of shale and quartzite, it has been found advisable to take advantage

of any peculiarities in order to distinguish the various beds, and in con-

sequence of the large numbers of Bryozoa— c\iit^y belonging to the

genus Fenestella—found in this band, it has been named the " Fenes-

tella shales."

The same bed crops out again about half way between Po and

Thabo (PI. XII), at Lanjarse E. G., on the left bank of the Spiti river,

where the path leaves the level of ihe stream and turns suddenly up a

steep ascent of shale : at the top of the slope the path passes over the

same black shales full of impressions of Bryozoa, and there is little

doubt that the horizon is the same as that seen above Po where, how-

ever, the beds have been greatly disturbed by faults and the relative

positions of the two fossiliferous horizons there exposed are somewhat

doubtful, it being uncertain whether the shale with concretions is in

reality older than the Fenestella shales, although the latter appear to

occupy a considerably higher horizon.

^ Since writing the above, the author has had access to Professor Diener's

description of the fossils from this horizon ; they include

—

Productus undatus, Defr.

„ scab ricuius. Mart.

„ nystianus var. lopinginsis, Keyset.

Fenestella sp. ind. aff. F. plebeia, M'Coy.
Proioretepora ampla, Lnsd.
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Above Lanjarse there is a fairly complete section of the beds

overlying the Fenestella shales, but no trace of the band of fossiliferous-

concretions was found, and it is therefore probable that at Po these two

horizons are in their true positions relatively to one another. This

could not be ascertained definitely at Lanjarse, for the Fenestella shales,

underlain by a bed of quartzite, form the base of the section. It is

probable, however, that the two horizons are not separated from one

another by more than a small thickness of rock, for the same species

of Bryozoa are numerous in both, and they should perhaps be grouped

together as one horizon ; this can only be determined by a more

detailed examination of the sections between Po and Thdbo, and

opposite Thabo, on the right side of the Spiti river ; the latter locality,

though difficult of access, appears to offer a more continuous section

and one well adapted to detailed study.

At Losar, however, near the head of the Spiti river, the Fenes-

tella shales, which are found in the high hills behind the village, con-

tain brachiopods (including Productus scabriculus, Mart.) exactly

resembling those found in the concretionary band near Po. This

constitutes a further argument in favour of including the latter band

with the Fenestella shales.

With regard to the age of these beds the collections obtained are,

Age of Fenestella
'^^ feared, too small to offer conclusive evi-

shales. dence, but owing to the presence of such large

numbers of Bryozoa, it was originally suggested by the present writer ^

that they might correspond to the Zewan beds ^ of Kashmir. This

question cannot be decided till the Spiti collections have been worked

out in detail : for this purpose, they have, as already stated, been sent

to Professor Diener, who has kindly informed the author that he be-

lieves the provisional correlation of this horizon with the Zewan

beds to be correct. Those beds have been regarded by both Waagen

» General Report, G. S. I., 1899-1900, p. 189.

* Quart. Journ. Geol. Sec, vol. XXII (1866), p. 29; Journ. As. Soc.

Beng.rvol. XXXV, p. 128, vol. XXXVI, p. 208; Memoirs, G. S. I., vol. XXII,

p. 132 ; Indica, ser. XV, vol. I, pt. 2.
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and Diener ' as of upper carboniferous age, and should this correla-

tion be correct, the age of the Fenestella shales should also be upper

carboniferous.

On the ridge behind (north-east of) Po, the beds are, as already

stated, greatly disturbed and faulted, and the Fenestella shales

are only separated from the calcareous sandstone (No. 4, p. 46) by a

small thickness of shale and quartzite, the greater part of the con-

glomerate series having been cut out. Further east, however, towards

Thdbo, a complete, though slightly faulted, section of the overlying

beds is seen in the hills above Lanjarse E. G. Here the Fenestella

shales are overlain by thick beds of white and brownish quartzite

with equally thick beds of shale. At about 300 feet above the Fenes-

tella shales a band of shale contains fragments of brachiopods and

bivalves, but all too badly preserved for determination. The lower

shales are usually very fine-grained and argillaceous, but towards the

top of the series, where quartzite bands are more numerous, they be-

come siliceous and gritty and occasionally contain thin pebble-beds
;

higher up the shales disappear altogether and are replaced by

quartzites, grits and conglomerates.

As might be expected in shallow-water deposits of this nature, the

Permian conglo- conglomerate series varies both in character

merate. thickness. High up on the slopes between

Lanjarse and Po the shales contain, near their upper limit, beds of

grit and a coarse conglomerate ; the latter rock forms a bed about

20 ftet thick, overlain by another bed of shale, which is followed by a

great thickness of grit, quartzite and conglomerate.

South of Pomarang, on the right side of the Spiti river, the se-

quence is very similar to that just described. The grits are both coarse

and fine, and are composed of angular and rounded fragments of shale

and limestone embedded in a coarse, slaty matrix. Similarly the con-

glomerates are composed of boulders and pebbles of various sizes em-

bedded in a gritty or, at times, a slaty matrix, the rock, when crushed,

' Pal. Indica, ser. XV, vol. I. pt. 2, pp. 91, 94.
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resembling a slate with embedded boulders of all sizes, ranging up to

nearly a foot in diameter. This character is particularly noticeable

along the path between Pomarang and M&ni on the right side of the

river, and also between Po and Dankhar, on the left bank, at a short

distance below the point at which the path first begins to ascend on

to the mesozoic beds; this locality is mentioned by General McMahon,

who correlated the conglomerate with the Blaini boulder-slate of

Simla.^ The same rock crops out again at the junction of the Lingti

andSpiti rivers,^ where it was subsequently examined by Mr. Oldham,*

who also adopted General McMahon's correlation with the Blaini rock.*

It has already been stated that the uppermost beds of the palaeozoic

group consist of a bed of calcareous sandstone
Calcareous san sto

overlain by black shales, and that the two beds

are seen in all sections, resting at times on the lower silurian quart-

zite or the upper silurian limestone, as in the Thanam valley ; at

times on the carboniferous limestone, as in the Pin valley
;
or underlain,

as in lower and upper Spiti and Kanaur, by the conglomerates just

describ^-d (see PI. HI, fig- 3)- The lower part of the calcareous sand-

stv>re is coarse and conglomeratic, but the thickness of the conglo-

merate is often only a few feet. The sandstone is ever > wh re tos-

siliferous, but the fossils are usually badly preserved. The collections

made from this bed were also sent to Dr. Diener, who has kindly fur-

nished the author with the following list of brachiopods found among

them :

—

Spirifer fasciger, KeyserWng { = Sp. musakheylensis, Dav.).

„ nittensis, Diener.

J,
marcout, Waagen.

„ distefanii, Geinmellaro.

Spifigera gerordi, Diener.

Dielasma la Touchei, Diener (n. sp.).

Streptorhynchus cf. pectiniformis, Dav.

Aulosteges cf. gigas, Netsch.

1 Records, G. S. I., vol. XII, p. 63.

' Ibid., p. 64.

' Records, G. S. I., vol. XXI, p. 151.

* See below, chapter VIU.
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Throughout Spiti and Bashahr the calcareous sandstone is invari-

„ , .
ably overlain by a bed, usually from 100 (o i >;o

Productus shales.
. . .

feet thick, of black or dark brown, often siliceous,

shale, M'ith a few thin bands of bard, brown concretionary sandstone

near its base. This bed constitutes the " Productus shales," which

extend, with little variation, throughout the entire length of the

Himalayas from the Nepdl frontier to Kashmir.

When first noticed by Stoliczka in Spiti, these shales were named

the " Kuling shales," from the village of Kuling, on the Pin river,

where they are well exposed and highly fossiliferous. Stoliczka's

nomenclature was adopted by Lydekker in Kashmir, but the term was

subsequently rejected by Mr. Griesbach, wl.o substituted the name Pro-

ductus shales," and since this term has now been so generally adopted

and, owing to the large number of Producti always found in the shales,

is particularly appropriate, it has also been employed in the present

memoir, but Stoliczka's original section at Kuling may still be retained

as the type for this part of the Himalayas.

An excellent section is seen on the small ridge behind the village,

where the calcareous sandstone (Stoliczka's ' quartzite ") is overlain

by about 150 feet of dark shale, with a few irregular sandstone part-

ings. Above the watercourse which supplies the village, the shales,

dipping into the hill, form a steep slope and, near the base of a

small cliff which caps the ridge, are overlain by a narrow band of hard

ferruginous limestone succeeded by thin alternating beds of shale and

limestone ; the ferruginous limestone includes Griesbach's " Otoceras

beds," which were regarded by him as either of lower triassic age or as

permo-trias passage-beds. The underlying shales constitute Stoliczka's

**Kulin[j shales," for which the term "Productus shales" is now
substituted.

The limits of this bed are everywhere clearly marked, and the

"Productus shales" of Spiti and Bashahr may be defined as a band

of dark shale with irregular sandstone partings, included between

the top of the fossiliferous calcareous sandstone and the ferruginous

limestone containing the zone of Otoceras woodwardi, Griesbach.
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By the employment of the term " Productus shales," restricted as

above, the confusion that has hitherto prevailed with regard to the

"Ruling series" will be avoided, for Stoliczka included in that

series the beds lying between the Muth quartzite and the triassic

limestone, and it should consequently embrace the whole of the

carboniferous limestone of Lio in Kanaur, as well as the overlying

shales and quartzites of lower Spiti, and since the shales of the

Po series are often lithologically indistinguishable from the " Produc-

tus shales," the retention of Stoliczka's nomenclature would inevi-

tably lead to confusion.

Throughout Spiti and Bashahr the Productus shales are highly

fossiliferous, more especially in the lower part
Fossils. ...

of the series, where numerous brachiopods

occur^ both in the shale and in the sandstone partings. Although

individuals are numerous, only a few species are represented ; these

include

—

Marginifera himalayensis, Diener.

Spirifer rajah, Salter.

„ fasciger, Keyserling.

Chonetes lissarensis, Diener.

Productus cf. gangeticus, Diener.

Spirigera gcrardi, Diener.

Numerous concretions occur, both isolated and in bands, through-

Horizon of Xenas- out the shale, but they rarely contain fossils.

pis and Cyclolobus. In the upper part of the bed, however, about

30 feet below the top, is a band of concretions containing Ammonoidea,

which consist chiefly of Xenaspis cf. carbonaria, Waagen, and

Cyclolobus cf. oldhami, Waagen.^

In addition to the above fossils, a few Bryozoa and badly pre-

served plants have been found.

* The collections which have now been described by Professor Diener, com-

prise several new species, including

—

Cyclolobus insignis.

„ [Krafftocerai) kraffti.

„ ( „ ) haydeni,
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The characters of the Productus shales and the underlying cal-

careous sandstone are so constant throughout Spiti and Bashahr that

descriptions of other sections would be superfluous.

With regard to their age, their position immediately below

Age of Produc- triassic beds, as well as their similarity to the

tus shales. permian beds of Painkhanda and Johar, prove

that the Productus shales of Spiti should be included in the pernnati

system, while their intimate connection, both stratigraphically and

palaeontologically, with the underlying calcareous sandstone, favour

the inclusion of the latter in the same system, but where the base

of that system lies cannot be decided till the Spiti collections have

been worked out in detail. For the present, it is only possible to say

that the Productus shales are certainly permian and the calcareous

sandstone and conglomerate series almost certainly so.

In the Salt Range Xenaspis carbonaria and Cyclolobus oldhami

were described by Waagen from the upper Productus limestone, but

more recently Dr. Noetling has placed the zone of X. carbonaria

in the upper part of the middle Productus limestone and that of

Cyclolobus oldhami considerably higher up, in the upper Productus

limestone. Waagen's original specimens of these two species were

obtained from the same band in the upper Productus limestone,* and

hence this zone may not improbably correspond with the zone of

Xenaspis cf. carbonaria and Cyclolobus cf. oldhami in the Pro-

ductus shales of Spiti. The lower part of the Productus shales

would therefore correspond in part to the lower part of the upper

Productus limestone and probably also to part of the middle Productus

limestone.

The underlying calcareous sandstone has been correlated by

Dr. Noetling with the middle Productus limestone of the Salt Range*

The following table taken from a more comprehensive one pre-

pared by Dr. Noetling ^ shows the correlation adopted by him

•
1 Pal. Indica, ser. XIII, vol. I, p. 25.

* Neues Jahrbuch fiir Min., etc., vol. XIV, 1901, p. 444.

^ Ibid., opposite p. 468.

{ 55 )



56. HAYDEN: GEOLOGY OF^SPITI.

Salt Range Spiti

Trias

Scythian

(Buntsandstein)

Upper

Upper ceratite

limestone
Zone of Stephanites sw

perbus
Not yet recog-

nised.

Ceratite sand-
stone

„ B'lem incites
jlemingianus " HedenstrsE-

mia beds
"

Middle Ceratite marl

„ Koninckites
iioltitus

Prtonolobus
rotundatus. Zone of MeskocB-

ras lilangense.

Lower
Lower ceratite

limestone
„ Celtites sp.

Permian

Thuringian

(Zechstein)

Upper

Chideru
group, or

upper
Productus
limestone

Zone of Euphemtis indicus

„ Medlicottia
ixynnei

Zone of Opliiceras

tibeticum

„ Bellerophon im-
ptessus

Zone of Otoceras
woodwtzydt

Cyclolobus old-

hntni

,, Derbyia hemi-
sphcBrica

„ Productus linea-

tus

Dark shales with
Cyclolobus old-

hami

Middle

Virgal group,
or middle
Productus
limestone

,, Xenodisciis car-

bonartus

Dark shales with

Xenodiscus
carbnnarius

„ Lyttonia nobtlis

., FusuUna kntta-

ensis

Calcareous sand-
stone with
Spi'i'ifev tnti set-

kheylensis

Lower

Amb group,
or lower
Productus
limestone

„ Spirifer marcoui.
Conglomerate and
sandstones

It will be noticed that the calcareous sandstone of Spiti* has been

correlated with the lower zones of the middle Productus limestone

;

the fossils obtained from this bed in Spiti are, however, hardly suffi-
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ciently numerous or sufficiently characteristic to warrant any exact

correlation.

The overlying beds (the Productus shales) have been represented by

Dr. Noetling as containing two distinct cephalopod zones in Spiti, viz.,

a lower with Xenaspis carbonaria, and an upper with Cyclolobus old-

haini. This subdivision is apparently due to some slight misapprehen-

sion, for, so far as is known at present, there is one and only one am-

monite-bearing zone in the Productus shales, and this is situated about

30 feet below the top. All the ammonites hitherto found occur in this

one zone, which consists of a string of concretions, and its total thick-

ness is not more than one foot.

It has already been stated that the Productus shales and cal-

careous sandstone are found in all permian sections in Spiti and

Bashahr, but the underlying beds down to the lowest beds of the car-

boniferous (or devonian) limestone are very frequently absent, nor are

they known to occur in any other part of the Himalayas. In lower Spiti,

and again at the head of the Spiti river, they are found in their fullest

development, and in both areas the carboniferous limestone and the

Fenestella shales have been found. The Fenestella shales are well

exposed in the hills behind Losar.

Judging from the manner in which the younger palaeozoic beds thicken

out again in upper Spiti, it is probable that thev
Probable represen- ^ '

,
.

tatives of the Po will be found also to the north, in the valley of the
series in Kashmir.

^^^^^ Chandra river in Lahaul and in Kashmir.

In fact, a great area has been mapped by Mr. Lydekker in that area as

Panjal ", but from his descriptions of that system, it is possible that

it may include a considerable part of the shale and quartzite series

now known to be most probably of upper carboniferous age. The

slates, quartzites and sandstones described by him,* as exposed on the

southern side of " the Lingti valley, one of the tributaries of the Tsdrap

valley " appear to correspond so closely in character with the Po series,

that they are possibly merely its northern continuation. Further to the

» Memoirs:, G. S. I., vol. XXII. p. 171.
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east, the series is certainly continuous under the high mesozoic ranges

north of the Spiti river between Po and Changrizang, and is seen

again in Rupshu, where, however, the rocks have been greatly affected

by contact- and dynamo-metamorphism.

The lower carboniferous limestones are not known to occur

, in Kashmir,^ the only limestones referred by
Representatives of ' ' •'

the carboniferous Lydekker to that system being the Zewdn beds
sys em in as mir.

described originally by Godwin Austen.^ These

beds are now generally regarded as not older than upper carboni-

ferous, and they cannot therefore correspond with those of the Lipak

river. It seems possible, however, that lower carboniferous limestones

may occur in Kashmir, for certain sections described by Lydekker, in

which slates and quartzites are found overlying limestones, distinctly

recall the carboniferous beds of lower Spiti ; in most cases, however,

Lydekker looks upon the slates and quartzites as members of his Panjal

system and consequently assumes that the section is inverted, and that

the limestone belongs to his '* Supra-kuling series/' The true relations

can only be determined by a careful and detailed survey, but the question

is one of great interest, and the probabilities are certainly in favour of

the existence of lower carboniferous beds in Kashmir.

The following table shows the subdivisions of the younger

palaeozoic systems of Spiti and Bashahr :
—

' Except in Rupshu : see below, p. 93.

' * Quart, journ. Geo!. Soc, vol, XX, p. 383, vol. XXII, p. 2g.
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Kanaur (Lipak river), upper
and lower Spiti (Losar and
Po)

Pin valley, southern
and central Spiti

PERMIAN

** Productus
shales

"
Black shales with

Xenaspis and Cyclolobus

above, and
Margintfera htmalayen-

sis below

Black shales with
Xennspis and Cyclolo-

bt<s above, and
Margmifera hima-

Iayen sis below

Calcareous sandstone with

Spirifer fasciger,

Spirifer marcout, etc.

Calcareous sandstone
with

Spirifer fasciger,
Spirifer marcoui, etc.

Grit, quartzite and conglo-

merate.

CARBONIFEROUS

(?)

Upper " Po
series

"
Quartzite and shale

(" Fenestella shales ")

Unconformity

OS

Quartzite and shale, with

Culm plants

Lowe " Lipak
series

"
Limestone and thin bands
of shale with

Syringothyris cuspidata,

Productus cora, etc.

Grey limestone, with

Syringothyris ctispi'

data

(?)

DEVONIAN

Shaly limestone, with

(?) Streptorhynchus urn-

braculum

(?) Atrypa aspera

Flaggy limestone and
sandstone
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Chapter V.

MESOZOIC GROUP.

During the summer of 1898 the lower trias of Spiti was examined

in detail by the present writer, and large collections of fossils were

made : at the same time the upper triassic beds were also examined,

but only somewhat cursorily, and collections were made from only a

few horizons. In the following year the writer was accompanied by

the late Dr. von Krafft, whose extensive knowledge of triassic fossils

rendered him specially suited to the study of the great complex of

triassic rocks of Spiti, and it was therefore arranged that he should

confine his attention chiefly to the mesozoic beds, while the present

writer undertook the palaeozoic systems. By this arrangement it was

hoped that it might be possible to give a comprehensive and fairly

detailed account of the stratigraphy of Spiti, but owing to the sudden

death of Dr. von Krafft, the whole work has devolved upon the

writer, and since it was found impossible at present to devote another

season to field work, the following account of the mesozoic systems

has been based on the somewhat scattered notes made by him and on

the materials left by the late Dr. von Krafft, from which the greater

part of the present chapter has been compiled. At the same time the

progress reports published by Dr. von Krafft in the Annual Reports ^

of this department have been largely drawn on, and the work must in

the main be looked upon as his.

Triassic System.

Lower Trias.

Although the supposed existence of lower triassic beds in Spiti

had been recorded as early as 1865,^ no section
Previous o servers.

heen described in detail from any part of the

1 General Report, G. S. I., 1899- 1900 and 1 900-1 901.

>C. W. Gumbel :
" Ueber das Vorkommen von unteren Triasschichten in

Hochasien"; Sitz k. k. Akad. d. Wiss., 1865.
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Himalayas until many years later, when the remarkable discovery by

Mr. Griesbach of a complete passage from permian to trias in the

mountains of Kumaon and Garhwal completely revolutionised exist-

ing ideas on the subject of Himalayan stratigraphy. Stoliczka, too,

had previously found, in South Karnag beds that he regarded as of

lower triassic age, but he apparently obtained
Stoliczka.

no fossils from them, and he overlooked the fos-

siliferous horizons at the base of the trias in Spiti. The section des-

cribed in greatest detail by him is that seen behind Kuling, where,

according to his description, the Productus shales are immediately

overlain by beds with Daonella lommeli} This statement was due to

the fact that his observations were made on an imperfect section found

low down on the left side of the small stream which runs between

Kuling and Kungri. Here the lower trias and muschelkalk have been

cut out by a fault, and the section is exactly in accordance with his

description, but a little further to the east, on the higher part of the

ridge, the whole of the lower trias is found in its normal position.

By Mr. Griesbach the base of the trias was assumed to lie at the

_ top of the Productus shales, which, in all normal
Griesbach.

sections in Spiti are overlain by a series of thin

alternating beds of limestone and shale. The following subdivision of

the lower trias will be found in his memoir (Mem., G. S. I., vol. XXIII,

p. 220) :

—

/"Light-grey limestone ; Ptychiiesgerardt, and other muschelkalk^

II.] {Lower.
Lbrachiopod limestone ....... (trias.

10. Otoceras beds (passage-beds) . . . . . , J

The beds containing Otoceras were regarded by him as either of

lower triassic age * or as permo-trias passage-beds.' Between these

and the " Brachiopod limestone " there is a considerable thickness of

thin-bedded limestone and shale, containing fossils ; no special name

• Memoirs, G. S. I., vol. V, p. 345.
* Records, G. S. I., vol. XIII, p. 103 ; Memoirs, G. S. I., vol. XXIII, pp. 174,

177, 319.

» Records, G. S. I., vol. XXII, p. 166; Memoirs, G. S. I., vol. XXIII, pp. 68,

219, 223.
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was given by him to these beds, but they were recognised as a separate

subdivision.^

In the following table will be found the subdivision and correlation

of the lower trias as adopted in the present memoir :

—

Concrctionsry limestone with sha.ly pa.rting's, with

\< r I] 1 i"P C i' 11 CTI TPVjr If } 0 ft' I ifV o r c ij c r

Ceratites thuillieri, etc.

«
CU
a.

Shale wi th

Spiriferina stracheyi
LKALK

Spirigera stoliczkai, etc.
u.

u
;CHF

Limestone with Low D

Sibirites prahlada

Ceratites subrobustus, etc.

Nodular limestone

Shale with

Rhynchonella grieshachi

Limp^tnns with

Pseudomonotis himaica •RIAS

IJmestone and shale with

HedenstrcBmia moj'sisovicsi

Flemingites rohilla, etc.

in

a
•
^

z «
H <

f-
1/1

LOWER

1

Limestone with Meekoceras.

Limestone with Ophtceras.

Limestone with Otoceras.

' Memoirs, G. S. L, vol. XXIU, p. 70.
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In 1 891, the Otoceras beds (Griesbach) were included by the late

Dr. Waagen^ in the permian system, but were accepted as passage-

beds and correlated with the Djulfa beds and with the Chideru and

overlying unfossiliferous beds of the Salt Range ; in a subsequent

paper,^ however, he placed them in the Scythian series of the triassic

system.

The beds between the top of the Productus shales and the horizon

of Rhynchonella griesbachi were subsequently
" Otoceras beds." ...

divided by Diener^ into the " Otoceras beds

and " Subrobustus beds," the former name being applied to the lower

part of the series. Further detailed study of the numerous sections

in Spiti has shown that the genus Otoceras is apparently confined to a

narrow band of limestone, only a few inches in thickness, occurring at

the base of the series, and the lower beds have been found by Dr.

Noetlingin Nitiandby Dr. von Krafft in Spiti to contain three distinct

zones, each characterised by the predominance of a single genus of

ammonite. The two lower zones have been referred by Dr. Noetling

to the permian system.*

The three zones are, in descending order,

—

(3) Meekoceras zone

—

Thin, concretionary limestones, alternating with thin layers

of shale, and containing large numbers of Meekoceras . 3 ft.

The fossils include

Meekoceras varaha, Diener.

many new species.

Proptychites ammonoides, Waagen.

„ markhanti, Diener.

Clypites n. sp.

(2) Ophiceras zone

—

Grey limestone . . i ft. 5 ins.

full of Ophiceras sakuntala, Diener, and containing also

Meekoceras varaha, Diener.

Pseudomonotis griesbachi, Bittner.

(la) Brown, sandy limestone, apparently unfossiliferous . i ft 7 ins.

' Pal. Indica, ser. XIII, vol. IV, pt. 2, Table of Strata, opp. p. 238.
' Sitzungsber. d. k. Akad. Wien, CIV, pt i, 1895, pp. 1278 sqq.

« Denkschrift der k. Akad. Wien, Bd. LXII, 1895, pp. 533—608.
* Neues Jahrbuch fur Min., etc., XIV, 1901, p. 467.
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(i) Otoceras zone-

Hard, ferruginous limestone ...... 5 ins.

with Otoceras woodivardi, Griesbach.

,, clivei. Diener.

„ n. sp.

It was at first supposed by Dr. von Krafft that bed No. 2 was that

in which Otoceras occurred, although no specimens of that genus

were found by him in Spiti. It had, however, already been obtained

by the present writer from the lowest horizon, and was subsequently

found in the same bed by Dr. von Krafift in other parts of the Hima-

layas. He therefore adopted the above subdivision of Diener's "Oto-

ceras beds." The lowest or Otoceras zone can

now be almost certainly correlated with the

"main layer of Otoceras woodivardi" of Kumaon and Garhwal. From

this horizon Professor Diener obtained one specimen of MedUcottia

dalailamcz, Diener,^ while from the shales immediately overlying this

" main layer " another specimen was collected by Mr. Griesbach. A

comparison of these specimens with MedUcottia wynnei, Waagen,

from the Chideru beds of the Salt Range, led Dr. von Krafft to the

conclusion that the two species were identical,^ and he therefore cor-

related the Chideru beds with the Otoceras zone of the Himalayas,

thereby giving support to Dr. Noetling's opinion as to the permian

age of the Otoceras zone. At the same time, it should be noted that

Professor Diener refuses to admit the identity of the two forms, ^ and

the question cannot, therefore, be considered as beyond dispute.

At the end of the last chapter Dr. Noetling's table of correlations

of the Salt Range horizons with those of the
Ophiceras zone.

Himalayas has been partly reproduced *
: from

this it will be seen that he places the Otoceras zone even lower in the

series than did Dr. von Krafft, and correlates the overlying zone (Ophi-

ceras zone) with the zones of MedUcottia wynnei and Euphemus indi-

* Pal. Indica, ser. XV, vol. II, pt. i, p. 59.

* Centralblatt fur Min., etc., No. 9, 1901, p. 275.

* Ihid., No. 17, 1901, p. 513,

* Supra, p. §6,
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ctis, and the Meekoceras zone with the zone of Prionolohus rotundatiis

and Celtites sp. With regard to the Meekoceras zone, Dr. von Krafft

stated, in the paper quoted above, that it certainly

Meekoceras zone.
belonged to the lower trias, while he left the age

of the Ophiceras zone doubtful, having no proof of either a permian or

a triassic age. On the other hand, Dr. Noetling has correlated the

latter zone with the uppermost permian, on account of the supposed

absence of the genus Meekoceras ^
;
but, as will be seen from the list

of fossils already given, that genus has been found in the Ophiceras

zone in Spiti, and any attempt at correlation on this ground with

the zones of Medlicottia wynnei and Euphemus indicus therefore

fails.

It would perhaps seem unnecessary to discuss this question in such

detail in the present memoir, but it has been deemed advisable to indi-

cate as briefly as possible the present state of the discussion^ which may

be summed up as follows :

—

The Meekoceras zone has been unanimously referred to the lower

trias: the age of the Ophiceras zone was looked upon as doubtful by

Dr. von KrafTt, while the reason given by Dr. Noetling for placing it

in the permian system is not valid for Spiti ; with regard to the

Otoceras zone, a strong case in favour of its permian age has been made

out by Dr. von Krafft in the supposed identity of Medlicottia wynnei,

Waagen, with M. dalailams^ Diener. This question of identity or

otherwise can be decided only by specialists, and as it still remains

a matter of dispute, it has seemed preferable in the present memoir to

describe the zone in connexion with the series to which it belongs

litholootcally, leaving its age an open question. As already stated, it

was regarded by Mr. Griesbach as a passage-bed between the permian

and trias, and until many more sections in the Himalayas have been

.vorked out in detail, it is unlikely that we shall be able to assign it

definitely to one system or the other.

Above the Meekoceras zone there is an alternating serie of thin-

' Op, at., p. 466.

( 65 ;



66 HAYDEN : GEOLOGY OF SPITI.

bedded limestone and shale, having a total thickness of about 34 feet.

Tl'is is the equivalent of the greater part of Diener's " Subrobustus

beds" of the Kumaon Himalayas. In the present memoir this term

will not be employed, for Ceratites snbrobusttis, Mojs., has not been

found in these beds in Spiti, but occurs at a considerably higher

horizon; the name *' Hedenstraemia beds," suggested by Dr. von

Krafft, will therefore be substituted.

The lower part of the series consists of a band of hard limestones,

„ , , •
, ,

weathering brown; it is about 4 feet thick, and
Hedenstraemia beds.

.

contains few fossils, which are badly preserved

but appear to include Flemingites sp. Owing to the absence of fossils'

it is uncertain whether this band should or should not be included in

the Hedenstraemia beds. It is overlain by thin-bedded limestone, with

narrow partings of shale, having a total thickness of about 30 feet, and

containing numerous lower triassic fossils, which include

—

Danuhites nivalis, Diener.

„ puruslia, Diener.

„ kapila, Diener.

Hedenstrcemia mojsisovicsi, Diener.

Flemi ngiies rohilla, Diener.

„ cf. salya, Diener.

Aspidifes superbiis, Waagen.

Koninckites yudisthira, Diener.

The above series constitutes the "Hedenstraemia beds" in the

sense in which the term was employed by Dr. von Krafft. Ammonites

occur throughout the series, which is overlain by lithologically similar

beds of limestone and shale having a thickness of about 6 feet. Two

Vior\7.or\ oi Pseudo- fossiliferous horizons occur in these beds; the

monotis htmatca. lower horizon has yielded large numbers of

bivalves, which consist almost entirely of Pseudomonotis (? Avicula)

htmatca, Bittner, and Pseudomonotis dectdens, Bittner.

The upper horizon, which is a calcareous shale or shaly limestone,

Horizon of Rhyn- occurs 6 feet higher up and contains brachio-

chonella fry{e,b„chi. pods, including Rhynchonella griesbachi,

Bittner, and Retzia htmatca, Bittner.
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This horizon, which has hitherto been regarded as the base of the

muschelkalk, is overlain by a bed, about 60 feet

Nodular limestone.
^^.^^^^ ^^^^^^ nodular limestone, containing

hardly any fossils, those which occur being usually too badly preserved

for determination.

In his paper already quoted Professor Diener states' that in addi-

tion to the species mentioned above, the beds
Boundary between

. , , , . t ? • 1 1 u 1 1

lower trias and mus- \\\\\\ Rhynchonella griesbachi had yielded also

chelkalk.
^^le following forms (determined by the late

Dr. A. Bittner :—

Spiriferina stracheyi, Salter.

Retzia n. sp. ( = R. himaica, Bittner).

Spirigera, n. sp. ( = S. stoliczkai, Bittner).

Although the band with Spiriferina stracheyi is very well deve-

loped and highly fossiliferous in all muschelkalk sections in Spiti, yet

in spite of most careful search, neither Dr. von Krafft nor the present

writer could find in it any trace of Rhynchonella griesbachi, but sub-

sequently the latter species was found by Dr. von Krafft in Kumaon in

the bed immediately below the nodular limestone ; the two brachiopod-

bearing horizons being thus separated from one another by a vertical

distance of about 70 feet.

The horizon of Rhynchonella griesbachi not having been previously

recognised in Spiti, a careful search was made during the last field

season, with the result that it was found in the same position as in

Kumaon, that is to say, below the nodular limestone. At the same

time the true position of the horizon of Pseudomonotis himaica was

also determined. While collecting from the horizon of Rhynchonella

griesbachi, the present writer found, both in and above it, several

pf^orly preserved fragments of ammo: ites, which appeared to resemble

lower triassic species ; these were submitted to Dr. von Krafft, but they

were in most cases too badly preserved to admit of determination. A

' Denkscbrift. der k. Akad., Wien, LXII. 1895, p. 571.

\ Pal. Indica, ser. XV, vol. Ill, pt. 2.

F 2
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few, however, were determinable : these were derived from two

horizons

—

(a) six inches above the top of the bed with Rhynchonella

griesbachi \ and

(3) middle of the nodular limestone, i.e., about 30 feet above

the horizon of Rhynchonella griesbachi.

The specimens from {a) include

—

Tiro lites n. sp. ^

(?) Dinarites sp. ind.

The first of these forms had hitherto been found only in the lower

trias, having been obtained from the Hedenstraemia beds near Muth.

Horizon [b) yielded

—

Ceratites n. sp., identical with a form previously obtained from

the Hedenstraemia beds at Muth ; and

Nannites n. sp. ind.

With regard to these discoveries it will be advisable to quote Dr.

von Krafft's own words, from a letter written by him to the present

writer, shortly before liis death: " It is clear that the horizon of Rhyn-

chonella griesbachi^ looked upon by Diener, Griesbach, Bittner and

myself as lower muschelkalk, must be included in the lower trias, and

so must at least half of the nodular limestone. The genus Tirohtes

is in Europe known from the lower trias only : the species from the

base of the nodular limestone is, moreover, identical with a type from

the ' Subrobustus beds ' (Diener). The occurrence of C^r^^^^V^J n. sp.

in the middle of the nodular limestone only corroborates this con-

clusion. The boundary between the lower trias and the muschelkalk

is therefore much more accurately fixed than it was before, and must

lie either within the nodular limestone or at the base of the beds with

Spiriferina stracheyi. The former is, I think, more probable, be-

cause I remember having found lower muschelkalk types in the top-

most beds of the nodular limestone."

* A description of this species, which he named T, injucundus, has been left

among Dr. von Krafft's descriptions of lower trias ammonites, which it is hoped

will be published shortly.
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In view of the above, the upper boundary of the lower trias will lie

somewhat higher than has hitherto been supposed, and must be taken

somewhere above the middle of the nodular limestone. Plate IV

represents a section of the lower and middle trias in the hills to the

south-east of Muth. A comparison of this figure with that to be found

on page 546 of Professor Diener's account of his expedition to the

Himalayas in 1892^ will show that the lithological succession of this

part of the trias of Spiti is almost identical with that of Painkhanda,

but the interpretation given above of the Spiti sequence differs from

that given by Professor Diener for the Shalshal cliff.

The Productus shales, Otoceras beds and Hedenstraemia beds

—

Diener's " Subrobustus beds" in part— are the same in both sections

while his " Subrobustus beds " include the horizon of Pseudomonotis

himaica, which fossil was first discovered by him in the Shalshal cliff.

His subdivision (4), which he names the "horizon of Sibiritei, prah-

lada," is said by him to contain also Rhynchonella griesbachi and

Spiriferina stracheyi, but this association of the two last-named

brachiopods was considered by Bittner as highly improbable.^ These

doubts were subsequently confirmed by Dr. von Krafft, who had an

opportunity of studying Diener's original section on the spot : he found

that the section was in every respect similar to those of Spiti, and that

there were two brachiopod-bearing horizons, viz., that of Spiriferina

stracheyi above, and that of Rhynchonella griesbachi h&\ow, the nodu-

lar limestone, nor could he find in the lower horizon any trace of the

brachiopods so common in the upper, while the horizon of Spiriferina

stracheyi was found to correspond in every respect with the same

horizon in Spiti. At that time the lower horizon had not been detected

in Spiti, and on Dr. von Krafft's suggestion the present writer made a

careful search for it and succeeded in finding it at the base of the nodular

limestone, in the exact position in which it was found hy Dr. von Krafift

at the Shalshal cliff ; in Spiti, however, it is poorly developed and

fossils are scarce, and it had consequently been previously overlooked.

' Denkschrift. der k. Akad., Wien, LXII, 1895.
• Jahrbuch k. k. Geol. Reichsanstalt, XLVIIl, 1899, p. 692.
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As already implied, Dr. von Krafft also found the nodular limestone

of Spiti represented in the Shalshal section by an exactly similar bed:

this is No. 5 of Diener's section, hence his horizons (4) and (5) will

correspond respectively with the horizon of Rhynchonella griesbachi

and the nodular limestone of Spiti.

Middle Trias.

As stated above, the upper boundary of the lower trias, which had

hitherto been drawn at the base of the horizon of Rhynchonella gries-

bachi must now be placed somewhat higher up, at, or above, the

middle of the nodular limestone. At present our knowledge of this

bed is so small, and its fossil contents so few and so badly preserved,

that no more accurate delimitation is possible.

1 he following subdivisions constitute the middle trias of Spiti :

—

Daonella lime-

stone
Hard, black limestone, with Daonella lommeli,
Wissm. ...... 145 ft.

Daonella shales Black, thin-bedded and flaggy limestone, with
greyish-black calcareous and earthy shales,

containing Daonella lommeli and cephalo-
pods ..... 1 60 ft.

Upper Dark, concretionary limestone, with thin beds
of dark shale, containing Plychites gerardi,
Blanf. .... . . 20 ft.

Grey limestone with Xenaspis sp. and Ceratites

aff. ravana, Diener ..... I ft. 4 ins.

<
Grey concretionary limestone 6 ins.

hi

H

(U

Grey shaly limestone, with Spiriferina stra-

clieyi, Salt. ...... 4 ins.

Muse 6 Grey limestone ...... 3 ins.

Hard, dark grey limestone, with Ceratites

stibrobustus, Mojs., and Sibirites prahlada,
Diener ....... 4 ins.

Thin-bedded, grey limestone and shale 3 ft.

Upper pari of nodular limestone
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MUSCHELKALK.

The nodular limestone is overlain by thin beds of limestone and

hovhon of Ceratites
s'^^'^' containing badly preserved cephalopods,

subrobustus. none of which have been determined. Above

this is a narrow band of limestone, in which are numerous well-

preserved fossils. They include

—

Ceratites subrobustus, Mojs.

Monophyllites confucii, Diener.

„ pitamaha, Diener.

Sibirifes prahlada, Diener.

Gymnites ugra, Diener.

Danubites kaiisa, Diener.

Hungarites sp.

This bed has been traced throughout Spiti and Bashahr, but is

particularly well seen in the upper Thanam valley and near Tanga

Chenmo in the valley of the Gyundi river.

A few inches higher up is a band of shaly limestone or calcareous

Calcareous shale with shale, containing the characteristic fossils of the

Spiriferinastracheyi. horizon of Spiriferina stracheyi, viz.:—

Spiriferina stracheyi, Salter.

Spirigera stoliczkai, Bittner.

Terebratula himalayana, Bittner.

Rhynchonella mutabilis, Stol.

The discovery of these two horizons in one and the same section

is one of considerable importance, for the cephalopod fauna with

Ceratites subrobustus contains a large number of species which had

hitherto been found only in the detached and isolated blocks (so-called

klippen) of Chitichun, and were described by Diener, ^ who believed

them to be of lower muschelkalk age.

It was at first supposed that the cephalopod and the brachic pod

horizons were separate and distinct, but it was subsequently found

by Dr. von Krafft that brachiopods occur also with the cephalopods

and the two probably constitute one horizon, in the lower part of

' Pal. Indica, ser. XV, vol, li, pt. 2, pp. loi— 118.
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which cephalopods predominate, and in the upper, brachiopods.^ This

single horizon would then correspond to Diener's "horizon of Sibtri-

tes prahlada " of the Shalshal cliff, which, however, should be placed

above and not, as represented in his section, below the nodular

limestone (see PI. IV).

Above the horizon of Spirijerina stracheyi a band of limestone

D J , , about two feet thick, contains Xenaspis sp. and
Boundary between •

upper and lower Ceratites aff. ravana, Diener. This probably
muscHdk 3,1k

.

forms the highest horizon of the lower muschel-

kalk ; it is overlain by the mass of limestone and shale which

Upper muschelkalU constitutes the upper muschelkalk and which

fossils. contains a very rich fauna, including over 65
species of Ammonoidea. Of these, the most important will be found

in the following list:

—

Ceratttes voiti, Oppe\.

„ ravana, Diener.

„ hidimba, Diener.

„ airavata, Diener,

„ dungara, Diener.

„ vyasa, Diener.

„ thuillieyi, Oppel.

himalayanus, Bianford.

„ horrid:is, Oppel.

„ sp. ind. aff. Cer. wetsoni, Oppel.

aff. trtnodosus, Mojs.

„ aff. superbus, Mojs.

„ aff. abichi, Mojs.

„ aff. kamadeva, Diener.

Japonites [Danubites) dritarashtra, Diener.

„ n. sp.

Trachyceras aft', longobardicum, Mojs.

Acrochordiceras damesi, Noetlirsf.

Isculites haiierinus, Stol.

Joannites aff. diffisstis, v. Hauer.

Meekoceras khanikoffi, Oppel.

,, aff. proximum, Oppel.

' Similar beds were subsequently found by Dr. von Kraftt in the Bambanag

cliff in Painkhanda, where Spiriferina stracheyi occurs in the same bed with Cera-

tites subrobustus and Monophyllites hara : a full discussion as to the correlation

of the trias cf Spiti with that of other parts of the Himalayas will be found in

Dr. KraHl's paper, which will form part 2 of this volume.
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Gytnnites jollyantts, Oppel,

„ kirata, Diener,

„ vasaritasoia, Diener.

,, lamarcki, Oppel.

Btiddhaites rama, Diener.

Sturia sansovinii, Mojs.

Proarcestes bicinctus, Mojs.

„ balfouri, Mojs.

Hungarites nitiensis, Mojs.

„ n. sp.

Monophyllites sp.

Ptychites rugifer, Oppel.

„ tibetanus, Mojs.

„ mangala, Diener.

,, sukra, Diener.

„ cognatus, Oppel.

„ asura, Diener.

„ ^ovinda, Diener.

„ impletus, Diener.

„ sahadeva, Diener,

„ sumiira, Diener.

„ gerardi, Blanf.

„ everesti, Oppel.

„ vidura, Diener.

„ drona, Diener.

„ cochleatus, Oppel.

„ cochleatus var., Oppel.

„ mahendra, Diener.

„ n. sp. ex. aff. P. malletianus StoL, Dienti

.

Nautiloidea also occur, including—
Nautilus ci. griesbachi, Diener.

„ spitiensis, Stol.

Pleuronautilus sp.

Orthoceras cf. campanile, Mojs.

Of Brachiopoda, Spirigera hunica, Bittner, is common.

In addition to the above species, which were determined by Dr. von

Krafft, there are numerous new species which still await description.

The earliest collections of muschelkalk fossils from Spiti were

made by the brothers Schlagintweit,^ by Dr. Gerard^ and by

' A. Oppel :
" Ueber die ostindisclie fossilreste, etc., " Pal. Mittheilungen, I,

p. 367. C W. G umbel : "Ueber das vorkommen von unteren Triasschichten in

Hochasien," Sitz. k. k. Akad. d. Wiss, 1865.

' See H. F. Blanford, in Journ. As. Soc. Bang., 1863, No. 2, pp. 124—138.
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Stoliczka.l Subsequently they were considerably augmented by

Mr. Griesbach.

From the list given above it will be seen that there is the closest

resemblance between the muschelkalk fauna of Spiti and that of the

more easterly parts of the Central Himalayas, almost all the species

that have been recorded from the latter having now been found in

Spiti.

Throughout Spiti and Bashahr, wherever the middle trias is ex-

posed, good sections with muschelkalk fossils can be found, but the

most accessible are those of the Pin valley, viz.^ that behind the village

of Muth, and the section near (N -N.-W. of) K4ga on the left side of

the Parahio ; it is from the latter locality that the greater part of the

recent collections was derived.

An examination of the collections made from the muschelkalk of

Spiti in 1898, led Dr. von Krafft to believe that the ladinic stage of

Europe, hitherto supposed to be wanting in the Himalayan trias,*

either existed in Spiti as a separate horizon or was included in the

upper muschelkalk. At the same time, the presence of this stage in

Spiti was inferred by Dr. Bittner' from a specimen of Daonella lom-

meli, Wissm., found among the collections entrusted to him for descrip-

tion. Special attention was therefore devoted to this point, and it was

found that the ladinic stage was not only present but was very well

developed, and that there was a gradual passage between it and the

uppermost muschelkalk, several species of ammonites being common

to both stages.

The beds representing the ladinic stage fall into two main subdivi-

sions, the lower of which is chiefly composed of shaly beds (Daonella

shales), while the upper consists of hard, dark, splintery limestones

(Daonella limestone).

1 Memoirs, G. S. I., vol. V.

» E. von Mojsisovics : Pal. Indica, sen. XV, vol. Ill, pt. I, p. I35- C. Diener :

Denkschr. d. i<. Akad., Wien, 1895, p. 581.

3 A. Bittner : Pal. Indica, ser. XV, vol. ill, pt. 2, p. 3S.
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The lower beds are thin-bedded, flaggy and shaly limestones with

earthy shales and bands of hard, dark limestone
;

Uaonella shales. , , . , ... ..... . , . ^ r ^

the thickness of this subdivision is about lOO feet.

Fossils are common near the base of the series
;
they include—

Daonella lomineli, Wisstn.

„ indica, Bittner.

* Spirigera hunica, Bittner.

** Proarcestes bicinctus, Mojs.

* Ptychites gerardi, Blanf.

* Hungarites ttitiensis, Mojs.

„ aff. moj'sisovicsi, Bceckh.

* „ n.sp.

Ceratites n. sp. aff. Cer. himalayanus, Blanf.

Gymnites ecki, Mojs.

Trachyceras ladinum, Mojs.

„ aff. archelaus, Mojs.

The species marked * have already been recorded from the uppei

„ muschelkalk ; from the above list it will be seen
Forms coinmon to

Daonella sbales and that they also occur in association with Gymnites
upper muschelkalk. i.- t i i j- j .1 r

eckt, 1 rachyceras ladinum, and other forms

characteristic of the ladinic stage of Europe.^ The ladinic age of this

subdivision is further confirmed by the presence of Daonella lommeli,

Wissm. A single specimen of this fossil was found by the late Dr.

Bittner among the collections made by Mr. Griesbach near Muth,^ but

it was subsequently found to be very common in the so-called " Daonella

beds " throughout Spiti and Bashahr.

It is evident, therefore, that no palaeontological break occurs in Spiti

, ,
above the upper muschelkalk, but that the

Abserce of palsEon- '^^ '

tological break in mid- passage into the ladinic stage is so gradual that
die trias.

, , ,. , ^no boundary line can be fixed between the two.

'A fuller discussion of this question wi i be found in the General Report,
G. S. I., 1899-1900, pp. 208—213.

^The presence of this species in Spiti had been originally recorded by
Stoliczka, but owing to its absence from his collections, doubts were cast by
Dr. Bittner on the accuracy of his determination (Pal. Indica, sen XV, vol. Ill,

Pt. 2, p. 34)-
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In all sections the muschelkalk is overlain by a narrow band, 8 to I2

inches thick, of rotten, splintery and shaly limestone which contains

large numbers of Daonella, and contains also the Cephalopoda men-

tioned above as occurring also in the underlying main mass of the

upper muschelkalk. Immediately above this are the " Daonella shales,"

with D. lotnmeli.

The lithological characters of this stage are constant throughout

_ „ ,.
Spiti ; it consists, as already stated, of two

Daonella limestone. ...
divisions, a lo\^er, in which shales predominate

(the "Daonella shales"), and an upper composed of hard, dark

limestone (the "Daonella limestone"). The latter is about 145 feet

thick and contains few fossils, with the exception of Daonella lorn-

melt, which is common throughout.

Owing to these lithological characters, the middle trias of Spiti can

usually be recognised at a glance, for the nodular limestone forms a low

but steep cliff, followed by the less abrupt slopes of the muschelkalk,

while the soft Daonella shales form a still gentler slope, capped by

a sheer cliff, often two hundred feet or more in height, of the black

Daonella limestone, with part of the overlying upper trias limestones.

Upper Trias.

It has been seen that the lower and middle trias of Spiti has yielded

a large and representative fauna. Unfortunately the same cannot be

said of the upper divisions of the system, our knowledge of which is

much less complete. This is due to a large extent to paucity of fossils,

but also to the fact that the uppermost beds of the trias consist of

hard dolomitic limestones, forming steep, often vertical cliffs, in many

sections quite inaccessible and in others accfssible only to the practised

mountaineer. Nevertheless many of the horizons of the upper trias

of Europec an be recognised and have yielded, locally, characteristic

and well-preserved fossils.

It was formerly supposed by Dr. von Mojsisovics and by Professor

Diener, that the muschelkalk of the Himalayas was immediately over-

lain by beds representing in part the carnic stage of Europe, but, as
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already stated, more recent work in 1898 and 1899 had proved that

this was not the case in Spiti, but that beds including the ladinic

stage were largely developed. Subsequently Dr. von Krafft, when

Ladinic stage of
Studying the sections of the Kumaon Himalayas,

Europe represented in ^-ame to the conclusion that the same stage was
Painkhanda.

.

represented also in the Shalshal cliff, but that the

beds including it were much thinner, being only ^5 feet thick as

against 300 feet in Spiti In both areas it is overlain by beds

containing fossils found in the carnic stage of Europe. In Spiti these

beds fall into the following subdivisions :
—

Tropites
beds

Grey shales

Halobia beds

6. Dolomitic limestone ......
5. Dark, splintery limestone, with alternations of grey,

shaly limestone and calcareous shale, with

Parajuvavites, sp.

4. Nodular limestone and grey shale, with

Clydnnautilus griesbachi, Mojs.

Tropites of. subbullatus, v. Hauer.

„ cf. discobullatus, Mojs.

Species of Juvavites and Sagenites.

3. Dark, splintery limestone, shaly limestone and
calcareous shale ......

300 ft.

200 ft.

15 ft.

400 ft.

2. Soft, pale grey, calcareous shales, with limestone
bands : containing brachiopods above and

j

ammonites below . , . . 535 ft.

1. Hard, dark, splintery limestone, with flaggy and
shaly bands with Halobia sp., and Arcestes sp. . 140 ft.

Halobia limestone.

1 he lowest of the above subdivisions is a continuation of the black

Daonella limestone, but owing to the apparent

absence of Daonella lommeli in the upper beds

and to the presence of Halobi3e either identical with, or very nearly

* General Report, G. S. I., 1900-01, p. 27.

( 77 )



78 HAYDEN: GEOLOGY OF SPITI.

allied to, Halobia comata, Bittner, and H. fascigera, Bittner, it has

been considered advisable to separate the Halobia beds as a distinct

subdivision.

This limestone is overlain by a thick series of soft, grey or pale

lavender shales with which thin bands of lime-
Grey beds.

stone are mtercalated. Almost immediately above

the Halobia limestone, the shales contain a band of black concretions

which enclose numerous ammonites ; the fossils are in most cases

fragmentary, and only one species has been completely determined :

this is

yoannites cymbiformis, Wulf.,

which has been found at this horizon at several localities, in Spiti and

also in the Thanam valley in Bf>shahr, The remaining fossils include

—

Trachyceras cf. aonoides, Mojs.

„ n. sp. aff. arice, Mojs.

Hauerites n. sp.

Drepanites n. sp.

Joannites cf. cymbiformis, Mojs.

Only one other fossiliferous horizon has been found in the grey shales;

it occurs at about 300 feet above the base, and consists of a grey, shaly

limestone, containing large numbers of brachiopods, which include

—

Spiriferina shalshalensis, Bittner
;

Rhynchonella lankana, Bittner ;

Discina sp. ;

and several other forms not yet determined. One ammonite [Disti-

chites sp ) was found by Dr. von Krafft in this bed, while Megalodon

sp. and other bivalves occur in the upper part of the series.

The brachiopod horizon is overlain by grey shales, about 200 feet

thick, similar to those below : thin bands of limestone are intercalated

with the shales and become more and more numerous in the upper part

of the series, till the formation becomes one of limestone, with subordi-

nate bands of shale : this is subdivision (3) in the above list. Fossils

Brachiopod lime- are rare, but above Muth and near Lilang the

limestone contains at one horizon large numbers

of brachiopods and bivalves, which, however, still await determination,
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A little higher in the series a band of nodular limestone with gray

shales—subdivision (4)—contains ammontes
Tropites be s.

chiefly belonging to the genus Tropites. The

fossils are rare and badly preserved, but the following forms were

recognised by Dr. von Krafft :

—

Tropitei cf. subbullatus, v. Hauer.

„ cf. discobullatus, Mojs.

„ cf. fusobiillatits, Mojs.

„ cf. torquillus, Mojs.

Juvavites aff. bacchiis, Mojs.

„ sp. ind cf. J. bacchus, Mojs.

Sagenites sp. aff. erittaceus, Dittmar.

„ n. sp. aff. herbichi, Mojs.

Sandlingites n. sp.

Sirenites n. sp.

(?) Heraclites sp.

Clydonautilus griesbachi, Mojs.

Nautilus sp.

This horizon presumably corresponds to the " Tropites limestone
"

of Kal^pani, which is, according to von Mojsisovics, the equivalent of

the *' zone of Tropites subbullatus " of the Mediterranean Province.^

The nodular limestone with Tropites is overlain by a band of dark,

splintery limestone about 200 feet thick, with beds of calcareous shale
;

it has yielded few fossils, but some specimens of Parajuvavites n. sp.

were found by Dr. von Krafft at about 70 feet above the Tropites

horizon. One specimen of the same species was found loose on the

Tropites beds, and as Dr. von Krafft considered it improbable that

under the existing circumstances it could have rolled down from a

higher horizon, he assumed that it belonged to the horizon at which it

was found and consequently included the upper beds, in which the

species occurs, in the Tropites beds.

The age of the next overlying bed—(6) the dolomitic limestone

—

Dolomite
doubtful, it having yielded few fossils, and

those very badly preserved and fragmentary
;

• Pal. Indica, ser. XV, vol. Ill, pt 1, pp. 154, 155.
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among them, however, are some bivalves which were determined by

the late Dr. A, Bittner as—

Lima cf. atistriaca, Bittner.

;

Daonella cf. styriaca, Mojs. ; and

Halobia cf. superba, Mojs.

In Europe, Lima austriaca occurs in the Opponitz limestone and

Daotielln ^tyfiaca and Halobia superba tn the carnic beds of Aussee.'

The following sequence is found in Spiti above the Tropites

beds :

—

5. Black, splintery and earthy limestone and dolomite; with

Megalodon ladakliensis, Bittner.

Dicerocardium himalayense, Stol.

Lima cumaunica, Bittner.

„ serraticosta, Bittner.

(?) Spifigera noetlingi, Bittner.

4. White and brown quartzite, with black shales and grey limestone

;

with 300 ft.

Spirigera n. sp.

Aulacothyris joharensis, Bittner.

Lima cumaunica, Bittner.

Spiriferina griesbachi, Bittner.

3. Brown-weathering shale (calcareous and micaceous) and chaly

limestone, A-ith some sandstone ; with 300 ft.

Spiriferina griesbachi, Bittner.

Rhynchonella bambanagensis, Bittner.

Spirigera dieneri, Bittner.

Aulacotliyrts joharensis, Bittner.

Monofis salinaria, Bronn.

Anodontophora griesbachi, Bittner.

Distichites n. sp.

2. Coral limestone ; with 100 ft.

Spiriferina griesbachi, Bittner.

Rhynchonella bambanagensis, Bittner.

I. Brown-weathering shale, with shaly limestone and sandstone;

with 500 ft.

P aratibetites cf. iornquisti, Mojs.

yuvavites, cf. ehrlichi, Mojs.

Hauerites n. sp. ind.

Above the dolomitic limestone a rapid change takes place in the

lithological character of the beds. The compact limestones give place

1 E. von Mojsisovics : Abhandl. k. . Geol. Reichsanstalt, Wien, Bd. VII,

(1894), Heft. 2, pp. 10, 30.

( 80 )



TRIASSIC SYSTEM. 5f

to calcareous shales and shaly limestones, and, with the exception of

the bed of coral limestone in the lower part of the series, the rocks

consist almost entirely of shales with intercalated bands of sandstone
;

in fact the series consists broadly of two thick beds of calcareous shale

or very shaly limestone, separated by the massive coral limestone and

overlain by brown and white quartzites ; this group is thus easily

recognised on the mountain sides, even at considerable distances.

The lower part of the first shaly series (i) is composed of sandy

limestones, passing up into sandstones and calcareous shales which

contain, in addition to numerous indeterminate plant remains, a few

brachiopods and bivalves with fragments of ammonites, including

—

Hauerites sp.

Hauerites (?) n. f. ind., Mojs.' and

Paratibetites cf. ternqutsti, Mojs.

The bivalves include

—

Mystdioptera sp.

Avicula sp.

Modiola sp.

Anodontophora griesbachi, Bittner.

This horizon was correlated by Dr. von Krafft with the " Hauerites

beds" (Diener) of the more easterly sections of the Himalayas.

The overlying shales contain large numbers of ammonites; they are

to a great extent fragmentary, but most of their
Juvavites beds. . , .,, , • , i-,

important characters can still be recognised. By

far the commonest genus is Juvavites, of which a few forms belong

to the groups of " intermittentes " and "scissi," but the great majority

approach the "continui " (Mojsisovics). Other forms represented are

Paratibetites turnquisti, Mojs.

Tibetites cf. ryalli, Mojs.

• Anatibetites n. sp. aff. kelvini, Mojs.

Clionites aff. hughesi, Mojs.

Ditfmarttes n. sp.

Pinacoceras sp.

Phylloceras sp. ind.

Pleuronautilus aff. tibeticus, Mojs.

» Pal. Ir.dica, ser. XV, vol. Ill, pt. i, p. 88.
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A few bivalves also occur in the shales
;
they belong to the genus

Halobia, and closely resemble H . fascigera, Bittner.

It is probable that these " Juvavites shales " correspond to the

" Halorites beds " (Diener), from which they differ, however, in the

apparent absence of both Halorites and ParajuvavHes, neither of

which genera has been found at this horizon in Spiti.

The shales are overlain by a massive, grey—at times white and

dolomitic—limestone, chiefly composed of corals.
Coral limestone.

It forms a very characteristic horizon throughout

Spiti and Rupshu, but has not been recognised in Kumaon or in

Garhwal. The commonest fossil is a coral resembling Lithodendron,

the presence of which led Mr. Griesbach to regard the limestone as of

rhaetic age.^ A few gastropods were found in this bed in Rupshu, and

brachiopods in Spiti ; the latter are rare, but include—
Spiriferina griesbachi, Bittner; and

(?) Rhynchonella hambanagensis, Bittner.

Consequently Dr. von Krafft believed that this limestone represented

the "beds with Spirijerina griesbachi " of the Painkhanda sections.

Ihe coral limestone is overlain by arenaceous limestones and sand-

stones, passing up into a series of calcareous shale,
Morotis shales.

,

which in iithoiogical characters strongly resem-

bles the " Juvavites beds." This subdivision, the thickness of ^vhich

is about 300 feet, contains an interesting fauna, composed almost

entirely of bivalves and brachiopods, which occur chiefly in the upper

part of the series : they include—

Monotis salinaria, Bronn.

Anodontophora griesbachi, Bittner.

Spiriferina griesbachi, Bittner.

Rhynchonella bambanagensis, Bittner.

Aulacothyris joharemis, Bittner.

Spirigera dieneri, Bittner.

Monotis salinaria, which has been found in almost all sections

ot these beds in Spiti, occurs in a band which varies from 6 to 8

Inches in width and lies at about 100 feet below the top of the series.

* Memoirs, G. S. I., vol. XXIII, p. 220.
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From 30 to 50 feet higher up the shales contain large numbers of

Spiriferina f^riesbachi 3.nA Aulacothyris joharensis. Avery good

section is seen in the valley of the Lungtse stream (PI. V) which joins

the Spiti river between M^ni and the Pin valley. The same beds are

also seen about 4 miles west of Po, on the road to Dankhar, where they

have been brought down by a fault, and again near Sopona E, G,,

on the path leading to the Manirang Pass. This is no doubt the

outcrop from which specimens of Spiriferina grtesbachi were collected

by Mr. Griesbach.^ The only ammonite which has been obtained

from these beds is Distichites n. sp., of which only fragments were

found.

In spite of the a[)parent absence of Sagenites, this horizon was

provisionally correlated with Diener's " Sagenites beds " of Painkhanda
;

this correlation was subsequently found by Dr. von Krafftto be correct,

for, at the Bambanag cliff in Painkhanda, the " Sagenites beds'"' are

overlain by a quartzite series identical, both lithologically and faunisti-

cally, with that which occurs immediately above the Monotis shales in

Spiti,

The quartzite series forms one of the most constant and charac-

Upper triassic
teristic horizons of the upper trias of Spiti, and

quartzite series. consists of white and brown quartzites, with sub-

ordinate bands of limestone. In most sections the quartzite can be seen

at a distance of several miles, forming a thin, white band, which stands

out among the darker brown and grey beds in the high cliffs of the

upper trias. With the quartzites are intercalated limestones and

bands of shale, the whole series having a thickness of about 300 feet.

Fossils occur in most of the beds, and include

—

Spiriferina grieshachi, Bittrer.

Aulacotliyris johm ensis, Bittner.

> Pal. liidica, ser. XV, vol. Ill, pt. 2, p. 53.

StoWczV&'s" Spiriferina tibetica," ^\\\c\\ he obtained from near Kibber and

which he supposed to be of carboniferous age, almost certainly came fron^' tbe same

horizon which is exposed on the path from Kibber to the Parang La— Stcliczka's

original route. No carboniferous b^ds are found within many miles of Kibber,

ibid., p. 53.

G 3 83 )



84 HAYDEN: GEOLOGY OF SPITI.

Lima serraticosta, Bittner.

Megalodon ladakhensis, Bittner.

(?) Dicerocardium, sp.

Spirigera n. sp.

The quartzite series is overlain by a mass of dark grey, often dolo-

Megalodon lime- tnitic, limestone, having a thickness of about

2,300 feet. This must include representatives of

the European Dachsteinkalk, lias and middle Jurassic. Fossils are very

rare and badly preserved, but at 50 feet above the quartzite a band

of grey limestone, about 20 feet thick, contains immense numbers of

Megalodon ladakhensis, Bittner, and Dicerocardium himalayense,

Stol. Where the rock has been polished by the action of running

water or moving ice, it "has a most striking appearance, for the

sections of the two bivalves, being preserved in white calcite, stand out

clearly in fantastic patterns from the dark grey matrix (see PI. XV,

fig. 1). This is the characteristic horizon of Stoliczka's " Par5 lime-

stone," ^ blocks of which are very common throughout the upper

Pdri valley between the Parang \A and Rupshu.

Otlier fossiliferous
^bout 200 feet higher up the massive lime-

horizons, stone has yielded one brachiopod and two

bivalves, viz.—

Spirigera noetlingi, Bittner ;

Lima ctimaunica, Bittner; and

Lima scraticosta, Bittner.

In addition to these, gastropods and bivalves have been found at

about 400 feet above the quartzite series, and

a species of Spiriferina closely resembling

S. obtusa, Oppel, about 400 feet higher still, while at about 370

feet below the top of the limestone mass, Dr. von Krafft found an

ammonite very nearly allied to, if not identical with, Stephanoceras

coronatum, Brug. ; the horizon at which this fossil occurs may

therefore represent the middle oolite, and since there is no trace of

unconformity in this great limestone series anywhere in Spiti, the beds

' Memoirs, G. S. I., vol. V, p. 124.
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lying between the quartzite series and the horizon of Stephanoceras

coronatum must include the uppermost trias, rhaetic and lias. In

the present state of our knowledge of these beds it is impossible to

attempt any more detailed subdivision.

The highest beds of the limestone, immediately underlying the

Spiti shales, represent the upper part of Stoliczka's
Jurassic limestons. „

", t> ,. ,. ^ j. l 1 r j" lower Taglmg limestone, which he referred

to the lias. Fossils are numerous, consisting chiefly of belemnites,

bivalves and gastropods. The recent collections have 'not yet been

worked out, but in view of the fact that the limestone underlies, with

perfect conformity, the Spiti shales, which have been proved by Uhlig

to be of uppermost jurassic age, there is prima facie evidence for

referring it to the upper jurassic and possibly upper part of the

middle jurassic.

Upper Jurassic.

The Spiti shales are too well known to require more than passing

mention
;

they have been fully described by
Spiti shales. ,. , , • 1 • 1 • .

Stoliczka who exammed them m their typical

locality, in the neighbourhood of Kibber, Langja and Giumal, where

they form rolling downs, capping the high limestone cliffs on the left

side of the Spiti river. The specimens collected from the shales are

now in the hands of Professor Uhlig by whom they are being de-

scribed ; a portion of his manuscript has already reached India, and

from this it appears that several of the species of ammonites show a

tithonian and lower neocomian facies, and the Spiti shales must

therefore be regarded as uppermost jurassic, and possibly in part

younger.

In addition to Stoliczka's original "jurassic ellipse,"' Spiti shales

also occur along the higher ridges on the right side of the Spiti river

and form a narrow strip running above Mdni, over the saddle of the

Manirang, and on into Bashahr.

Memoirs, G. S. I,, vol. V.
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Giumal sandstone.

Cretaceous.

At Giumal, Kibber and Chikkim the Spiti shales are overlain, with

interstratification, by hard, yellow and brown

sandstones and quartzites, which constitute Sto-

liczka's " Giumal sandstone," which was referred by him to the upper

jurassic. Fossils are (airly common in the lower beds, many bivalves

—usually, however, badly preserved—occurring near Giumal and

Chikkim, while casts of Stepkanoceras and Perisphinctes were found

near Kibber and Chikkim. These sandstones are undoubtedly of cre-

taceous age.

The highest member of the stratigraphical series of Spiti consists

Chikkim limestone ^ °^ S""^)^ '^^ whitish limestone, about lOO

and Chikkim shales, fget thick, overlain by soft, grey, calcareous

shales. These beds form a synclinal on the summit of Chikkim

"station," behind the village of the same name, and are found also

in the upper reaches of the Lingti river, above Lilang. Fossils are

very rare and appear to be confined to the limestone, which has

yielded one belemnite, fragments of Rudistes and Foraminifera, in-

cluding the genera Cristellaria, Dentalina and Haplophragmiuni.

With the exception of the belemnite, all these fossils were found also

by Stoliczka, who therefore referred the limestone to the cretaceous

system. The overlying shales are greatly folded and their thickness

cannot be determined, but it appears to be about 150 feet: in spite

of careful search, no trace of fossils has been found in them.

The first systematic account of the mesozoic rocks of Spiti was

Stoliczka's nomen- g>ven by Stoliczka, who subdivided the whole

group into the following series :

—

clature.

Chikkim shales

Chikkim limestone

Giumal sandstone ,

Spiti shales .

Tagling (upper) .

Tagling (lower) .

Para limestone

Lilang limestone .

I
Cretaceous.

I
Jurassic.

I
Lias.

Rhatic,

Trias.
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The four highest of these represent well-defined lithological units

each of which, with the exception of the Chikkim shales, has yielded

fossils and can be referred with a fair degree of certainty to its European

equivalent ; for this reason, and also since the same terminology has

been employed throughout the Himalayas, Stoliczka's nomenclature has

been retained. It has, however, been found necessary to discard the

names given by him to the lower members of the group.

The " Lilang limestone " included, according to Stoliczka, the

whole of the trias then known in Spiti, that is to say, the beds included

between the base of the muschelkalk and the base of the rhastic. It

was subsequently found by Mr. Griesbach that the lower trias was

well represented, while during the last few years it has been proved

that much of Stoliczka's rhaetic belongs in reality to the upper trias

;

and since most of the fossiliferous horizons of the trias of Spiti

can now be referred to their European equivalents, the retention

of the term " Lilang limestone " would be both superfluous and con-

fusing.

For similar reasons the term " P4rd limestone " has also been

discarded, for it was supposed by Stoliczka to represent the rhaetic

stage, but as no horizons have yet been found in Spiti which can be

definitely referred to that stage, while the " Pdra limestone " includes

both upper trias and lias, the term ceases to have any significance, for

it represents neither a stratigraphical nor yet a lithological unit, both

its upper and lower boundaries being undefined.

In the case of the " Tagling limestone," the same difficulty arises.

Stoliczka includes in that series a mass of limestone, 2,000 feet thick,

underlying the Spiti shales. This must, therefore, include both the

middle and lower Jurassic, and probably also the rhaetic, should this

stage be represented in Spiti. It was divided by Stoliczka into two

groups, an upper and a lower, the former of which presented the curious

anomaly of a formation occurring in only two localities, between the

" lower Tagling limestone " and the Spiti shales, which he stated at the

same time to be conformable to one another. A recent examination of

the " upper Tagling limestone " in one ot these localities— the Parang
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Lh.—has proved that It is in reality a part of the " lower Tagling lime-

stone " which has been brought into its present position by an overfold.

A great advance was made in our knowledge of the Spiti trias by

the work of Mr. Griesbach, who found that not only was the lower

trias well developed, but that the whole series of sedimentary beds

from permian to jurassic was very similar to that of Kumaon and

Garhwal, and he was then enabled to correlate the trias of those dis-

tricts with that of Spiti. The surveys carried on during the last few

years have tended chiefly to confirm and amplify his conclusions,

especially with regard to the lower and middle trias, some small

modification only being necessary in regard to the upper parts of that

system.

Correlation of the mesozoic beds of Spiti with those of

other parts of the himalayas.

The work of Mr. Griesbach and of Professor Diener in Garhwdl and

With Kumaon and Kumaon and of Mr. Griesbach in Spiti, renders it

Garhwdl. ^ comparatively easy task to correlate, with

a fair approach to accuracy, the mesozoic beds of these two areas.

This had been undertaken by the late Dr. von Krafft, whose paper on

the subject will form part 2 of this volume : no further details need

therefore be given here.

With that part of the Himalayas which lies to the north-west of

Spiti, correlation is, unfortunately, almost impossible, for, with the

exception of parts of Southern Rupshu, which
With Kashmir. • j 1 ..v ^ • owere exammed by the present writer in 1099

and 1901, the Kashmir State has not been surveyed in any detail,

Mr. Lydekker's memoir on the " Geology of Kashmir," the work of

Godwin Austen, and observations by Dr. Stoliczka along the route to

Yarkand, being almost the only sources of information available.

Owing to the great extent of the area surveyed by Mr. Lydekker, his

work was necessarily carried out on broad lines only ; he included all

the rresozoic systems, with the younger palaeozoic, in his " Z^nskdr

system," which comprised Stoliczka's Kuling series, Lilang limestone,
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Pira limestone, Tagling limestone, Spiti shales, Giumal sandstone and

Chikkim limestone and shales, while he employed the term " supra-

Kuling series" for the whole of the triassic and Jurassic systems.

Hence no attempt can be made to correlate the beds of Kashmir gene-

rally with those of Spiti, until the stratigraphy of the former area has

been worked out in much greater detail. At present we know merely

that muschelkalk and upper triassic beds, apparently similar to those

of Spiti, have been found at a few localities,—Sonamarg, Vihi, and

Gurez,—and it is probable that lower trias and other subdivisions of

the mesozoic group will be found to exist.*

Of the areas to the north-west and north of Kashmir, our knowledge

is equally scanty, but Monotis salinaria was found by Stoliczka near

Aktash on the Pamir, in a rock which appears to be lithologically iden-

tical with that in which the same fossil occurs in Spiti.*

Correlation with the trias of Europe.

It has been seen that the mesozoic beds of Spiti afford an unbroken

series of deposits from lowermost trias to cretaceous, and since many

of the characteristic species of the trias of Europe occur also in Spiti,

it is possible to recognise many of the stages into which the European

sequence has been divided ; we thus find representatives of the

muschelkalk, ladinic, cariiic, and juvavic stages. In such a complete

series, however, where individual sections frequently exhibit an un-

broken sequence, bed upon bed, from one end of the trias to the other,

without a trace of unconformity or gap of any kind, it is natural that

horizons should be found which are, so far as we know, not repre-

sented in Europe : thus the small band of limestone lying upon the

uppermost bed of the muschelkalk contains forms common both to

* Since the above was wrillen, lower triassic fossils have been found by Dr.

Noetling in Kashmir.

In this connection, it is interesting to note that this very characteristic

species has recently been found by Mr. Vredenburg in an extensive system of

shales and shaly limestones in the Zhob valley in Baluchistdn. See General Report,

G. S. I., 1901-1902, p. 31.
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that stage and to the ladinic, thus constituting a passage-bed from the

one to the other. More detailed work among the upper triassic rocks

will also, in all probability, reveal similar gradations between the other

stages. It would therefore seem unreasonable (o attempt to draw ima-

ginary lines which should represent hard-and-fast boundaries between

any two stages; we can merely indicate certain beds of the Himalayan

sequence which include the representatives of the smaller European

subdivisions. The complete sequence of the mesozoic beds of Spiti

will be found in the annexed table, in which, however, no attempt has

been made to fix the limits of the corresponding stages of Europe.
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"Chikkin
I i me •

chiefly unfossiliferous, but

Aulacothyrii johartnsis, Bitt.

Spiriftriiia griesbaclii , Bill.

Sfiri/erina griisbachi, Bill',

Aulacothyrii Joliarensis, Bji

tlonotis saliaariti, Bronn.

Coral limcslonc, with

Spiri/erina griisbachi, Bitt.

Rhynchonella bamhanagintit, Bit'

V i t e

beds"
Paralibelitts tcHguisti, Mojs.

Juvaviles aR. ehrlichi, v. Hai

Haviritis n. sp. (near base).

Dolomilic limestone.

Limestone and calcareous shale, iritb

Tropitfs cf. suhbuUaliis.

„ cC. discobi'Uuliis, Mojs.

Clyiionatitilus qriesbaehi, Mojs.

Grey shales and shaly I

Spiriferina shaishaUnsis, Bitt.

" Halobia
^

Hard, dark lim

Halobia sp,

" Daonella Hard, dark limestone, with

stone" Daonella lommtli, Wissm.

Damilla hmmeli, Wissm,

„ indica, Bittner.

PtyMtei gerardi, Blanl.

h sli.ily and c

Grey limestone, in ihin beds ; with—

Ceralilts iiibrobustus, Mojs.

I
Sibirilii prahlada, Dicner.

Sp'fi/irina ttrathtyi, Salter.

Nodulnr limestone, with (cv fossils, but
' containing lower irias ammonites in

the lower beds.

I Shaly limestone, with

I

Rhynehondla griisbachi, Biti

' Hcdcn

beds"'

Limestone, with

AviculoPictin hitmalis, Biti

Limestone and shale, in thin beds;

with

j

Htdenstritmia majtisovicsi, Dicner.^

Flimingitit rohUla. Diener.
j

Danubittt nivalis. Diener. I

" Mecko- Limestone and shale; with

M*ne."
* Mitkourat

Aei doubt-

permian

Limestone

Ophie
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.

Chapter vr.

RUPSHU.

With the exception of the local peculiarities due to the uncon-

formities between the cambrian and silurian, and carboniferous and

permian systems, respectively, and which have already been noticed in

the previous chapters, the characters of the stratigraphical systems of

Spiti and Bashahr are so constant that detailed descriptions of a number

of individual sections would be superfluous. Further to the north,

hovvrever, in Rupshu, the beds have been so greatly altered both by

dynamo- and contact-metamorphism, that their relations to the Spiti

systems can be traced only with great difficulty.

The valley of the Spiti river is bounded on the north by a chain

Routes from Spiti
snow-clad peaks and ridges, which constitute

to Rupshu. the eastern extension of the Baralachar Range.

From Spiti, three routes lead through this range to Rupshu—

(1) via the Tagling Lk and upper PAri. valley;

(2) vid the Parang Lk and upper Pdra valley;

these two routes converge at about 15 miles below the Parang La;

(3) from lower Spiti, vid Kurig and Kharak in Western Tibet

(To-Tzo), along the lower Pdra valley, to Chumar and

Ldm Tso.

By taking the third route, the present writer was enabled to trace

out the connection of the beds of the one area with those of the other,

and it has now become possible to refer the metamorphic rocks of

Rupshu to their comparatively unaltered representatives in Spiti.

The high ranges between Spiti and Rupshu are composed chiefly

, , . of rocks of mesozoic age, amongst which the
Triassic beds m

_ . .

ranges between Spiti upper triassic coral limestone is a most conspi-

and Rupshu.
cuous and useful horizon. In many cases,

especially in Rupshu, it has been converted by metamorphism into a

white dolomite, but still retains its numerous corals. Below this
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horizon, all traces of fossils have as a rule been obliterated and the

greater part of Rupshu consists, as stated by Stoliczka, of meta-

morphic schists, to which, however, he did not attempt to assign

Effects of ineta-
any definite age. The same rocks were sub-

morphism. sequently classed by Lydekker among his

" metamorphic Panjals and archaean." The upper part of this series

is well-exposed in the Pankpo, Piri and Chepzi valleys, where

it consists of crushed limestones, slates and calc-schists. Amongst

these, representatives of the middle and lower trias and permiaii

can be traced with a great degree of certainty, and correlations

based at first on lithological grounds were subsequently confirmed

by the discovery of fossils, badly crushed but still recognisable
; they

are, however, very rare, and have been found only in two localities,

in the Pankpo river, near Kiangshisa, and in the Piri river, near

Sitang Gongma. At the former locality Daonella indica was found

in black calcareous slates, which evidently represent the ladinic stage

of Spiti, and in the Pdra river the Productus shales were recognised

near vSitang Gongma, where they are represented by dark slates

containing the characteristic fossils. The Productus shales are under-

lain by calcareous schists and crushed limestones, which locally contain

immense numbers of crinoid stems, and which presumably represent

the calcareous beds which underlie the Productus shales in Spiti.

They pass down into crushed grits and conglomerates, which clearly

represent the permian conglomerates seen near Po. They are very

well exposed in the Pankpo river and also in the valley of the Chepzi

stream, and can be traced along the hills on either side of the Para
river near Chepzi. Below these a series of slates and metamorphic

schists occupies the greater part of Rupshu between the Pankpo river

and Narbo Sumdo on the one side and the range separating Rupshu
from Hdnle on the other. To the south of this range, near the Shal-

sh51 Pass and at Sh^lshal Dengo E. G., the schists are underlain by
white and dark-grey crystalline limestones, with interbedded white

quartzites, which most probably represent the carboniferous beds

of the Lipak river
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Between Narbo Sumdo and the northern end of Tso Moriri the

Representatives of
whole of this palaeozoic series can be traced, the

palaeozoic systems. calcareous schists, conglomerates and quartzites

of the permian being underlain by the altered representatives of the

rest of the Po series of Spiti. A little to the south of Korzok, the

siliceous beds are underlain by calc-schists and crystalline limestone,

as already recorded by Mr. Oldham.^ From Korzok a small ridge

runs to the northern end of the lake ; this ridge consists of calc-schist

and crystalline limestone with some bands of white quartzite, the

whole similar, except in the somewhat smaller thickness of the quart-

zite, to the section seen at Shalshdl Dengo. These beds have, there-

fore, been referred also to the carboniferous, but it is possible that

they may be also partly silurian.

The limestones and quartzites are underlain by slates and schists

which gradually become garnetiferous, then felspathic, and pass down

into the so-called " Tso Moriri gneiss."

This rock was cursorily examined by the present writer in 1899,.

and on account of its apparent position among
Tso Moriri gneiss. .... .,01.

the palaeozoic beds it was suggested that it

might possibly be a highly metamorphosed representative of the

lower silurian quartzite of Spiti. Subsequent determination of the

microscopic and chemical characters of the rock, however, showed

that there was no evidence in favour of regarding it as primarily of

sedimentary origin.

As already stated by Oldham {loc. cit.), it forms an apparently

well-bedded series, with foliation parallel to bedding, the beds

being about two feet thick. In uiineralogical composition, it is

chiefly an augen gneiss, with large "eyes " of felspar. Most of the

beds are composed of a quartz-felspar-mica rock, with rods of

schorl on the foliation planes. The quartz frequently occurs as a

mosaic of small grains. The felspar is chiefly orthoclase and micro-

cline with a little plagioclase, w hile the mica is a pale, often colourless

» Records, G. S. I., vol. XXI, p. 153.

* General Report, G. S. I., 1899-1900, p. 197.

( 94 )



RUPSHU. 95

and silvery, magnesia mica. In hand specimens it resembles musco-

vite, but under the microscope appears to be perfectly uniaxial, while

chemical analysis shows it to contain a large amount of magnesia: it

must therefore be classed under biotite.

With this gneiss are associated bands of white quartz-felspar-mus-

covite rock, containing no biotite, but with a considerable amount of

plagioclase and some schorl. Low down in the series, near Shakshang

E. G., fine-grained quartz-biotite schist is found interbanded with the

gneiss. It is composed of large quantities of dark brown biotite and

finely granular quartz ; with it occur also bands of a similar rock,

but considerable quantities of zoisite and calcite are added to the

ether constituents; these two schists have many of the characters of

altered sedimentary rocks.

Running through the above series, in bands usually parallel to, but

Intrusive biotite occasionally crossing, their foliation, is another

granite. quartz-felspar-biotite rock, foliated and gneiss-

ose, but containing biotite in irregular blotches and not in layers

as in the " Tso Moriri gneiss." It has hitherto been included with

the latter rock, but is almost certainly younger and intrusive in it.

The same rock occurs again at Ooti E. G., about 40 miles further to

the south-west, where it forms a broad, apparently gneissose, band in

the middle of the metamorphic schists which represent tlie carboni-

ferous and permian beds of Spiti. No signs of the augen gneiss of

Tso Moriri are to be seen at Ooti. The true origin of this rock can

only be ascertained by much more detailed work than has hitherto

been possible, and must for the present remain doubtful, but the

evidence so far obtained tends to show that it is a foliated biotite

granite ; whether it is identical or not with the common biotite granite

of Rupshu is also uncertain, but it is much more foliated and may

belong to an older series of intrusions.

Even more doubtful is the age and origin of the Tso Moriri

Age and origin of gneiss
;
by Lydekker it was regarded as archaean,

Tso Monri gneiss. ^ut its position, underlying rocks which are not

older than silurian, and the gradual lithological passage from the
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lowest undoubtedly sedimentary rocks into the gneiss, show that it

must either represent an altered sedimentary series, which would then

probably be the lower silurian quartzite, or be an old intrusive rock,

in which case the gneissose beds between it and the sedimentaries

would represent a contact zone.

The composition of a typical specimen of the augen gneiss is as

follows :

—

Si O2 ........ 75*09 per cent.

<o\} 'S-^?

Ca O '90 „
MgO -54 »

K3O 3-8 „

Naj O 2'i „

HjO -39 ..

10179

Specific gravity 2*65

This, it will be seen, is the composition of a true granite, and it is

not improbable that the so-called gneiss is in reality only the remains

of an old crushed-out granite laccolite. A very similar rock is found

in the Chandra valley, on the road from Spiti to Kulu ; but in this

case it is undoubtedly a foliated granite.

The final decision of this question must be left till opportunities

arise for a detailed survey of this part of Laddkh ; it is probable that

an examination of the area lying to the north-west of Tso Moriri

would throw some light on the relations of the augen gneiss to the

sedimentary rocks as well as to the Rupshu granite.

Igneous rocks, both acid and basic, are common throughout South-

ern Rupshu ; a few of these will be dealt with in the following

chapter.
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Chapter vn.

IGNEOUS ROCKS.

The high ranges bordering Spiti on the south, west and east are

as has already been stated, composed chiefly of granite ; basic intru-

sions occur among the palaeozoic beds of lower Spiti and Bashahr and

in the valleys of the Parahio and Pin rivers.

Granite.

The commonest form of this rock is a biotite granite, ranging from

•

. a fresh rock of medium grain to a foliated gneiss-
loti e gran 13

variety with large porphyritic felspars. In

the Sutlej valley, near Asrang and Jangi, numerous masses occur in

the altered cambrian slates. The rock is here very pure and free from

accessory minerals, consisting mainly of quartz, orthoclase and biotite,

with a little muscovite and plagioclase.

Associated with the biotite granite in the Sutlej valley, in the

Chandra valley, and in the ranges between Kulu
Pegmatite.

. , ^ . .

and Spiti, are numerous vems of albite granite,

containing large quantities of schorl, muscovite, beryl and, locally,

garnet and kyanite. Both these types have been previously described

by General McMahon and other observers and no further .details need

be given in the present memoir.

1 he Rupshn granite is very similar in general characters to that

of the Sutlej and Chandra valleys, being a biotite
Rupsha granite. . ., ,

granite with few accessory minerals ; it differs

slightly, however, in containing—as at Dongan Le, where it is accom-

panied by eurite—a considerable amount of blue quartz. In spite of this

difference it is almost certainly merely an offshoot of the Sutlej valley

massif, for it can be traced up to the southern boundary of Rupshu and

can be seen running through the high range which borders the eastern

side of the P4ra river above Akse and Kharak in Western Tibet, and,

were it possible to follow it through that country, it would probably be
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found to be practically continuous with the intrusive masses found

below Kurig on the lower Pira river.

In Spiti the granite is found intrusive only in the oldest palaeozoic

bedsj but at Lio in Kanaur silurian limestones are
Age of granite. .11 . 1 • 1 i , 1

penetrated by numerous vems which have altered

the sedimentary rocks, the chief product of alteration being wollaston-

ite, which occurs in great quantity about one mile above Lio on the

right bank of the Spiti river.

In Rupshu the granite is intruded into the carboniferous and

permian schists, while in Western Tibet it would appear to occur in the

triassic limestones ; in the latter case it was only seen from a distance,

and the correctness of the observation cannot therefore be vouched for.

So far, therefore, as concerns the area dealt with in the present

memoir it is only possible to assert that the age of the granite is post-

carboniferous or possibly post-permian.

In this connection it is interesting to note that a pebble of biotite

granite was found in the permian conglomerate
Pre-permian granite.

, r , r 1 ^ . . . , , t> 11
on the lert bank 01 the Spiti river below uankhar

which proves that a pre-permian granite must have existed in the area

from which the materials forming these conglomerates were derived,

that is to say, to the south and south-west of the Spiti valley.

Basic rocks.

Basic rocks, chiefly of doleritic type, occur at several localities in

Spiti and Kanaur. They are in all cases intrusive, and no signs of

contemporaneous or interbedded ashes or lavas have been found.

The localities at which intrusions have been noticed are : Depsa

E. G., in the valley of the Parahio; Muth in the
Localities.

t-. r • i • <-. , ' ,

Pin valley
;

Fo, Lari, and opposite Sumra mthe

valley of the Spiti river ; on the Shalkar (or Sumra) Pass between

Sumrd and Shalkar, and at Ka between Shalkar and Lio.

The Deps5 rock was probably originally an augite-norite, but

has undergone much alteration. It consists of
Depsa : augite-norite.

, , ,

lath-shaped plagioclase, greatly decomposed
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augite, enstatite and ilmenite, all of which are accompanied by second-

ary decomposition products, including green hornblende and serpentine

after augite, bastite after enstatite, leucoxene and some sphene after

ilmenite. The rock is intrusive in the cambrian slates and quartzites.

About I mile to the north-east of Po, on the road to Thabo, a

broad basic dyke cuts through the shales and
Po : dolerite.

. ^ i t-« • '-n^ ^

quartzites of the ro series. 1 he rock is com-

posed of plagioclase, near labradorite, a pale green, slightly pleochroic

augite, apatite and ilmenite, with various secondary minerals, including

chlorite, calcite and leucoxene. A very similar rock—which, however,

contains also epidote—forms a dyke in the bills opposite Sumrd, and

is seen again on the Sumrd La, while near Na numerous dykes

of decomposed plagioclase-hornblende rock, with much chlorite, cut

through the carboniferous beds. The dykes of Po, Sumra and Na

are probably all offshoots from one matrix and differ merely in degree

of alteration.

In the Yituitse stream, between Sumra and Lari, a dyke— in part

Actinolite schist ^ sheet—of actinolite-chlorite rock with decom-

near Lari. posed felspar, some ilmenite, and sphene, probably

represents a still further stage of decomposition.

The above rocks have no characters of sufficient interest to demand'

more detailed description ; it is quite certain, however, that they are

intrusive, and not, as Stoliczka thought, contemporaneous flows inter-

bedded with the slates and quartzites. It is necessary to emphasize

this point, for the supposed existence of interbedded tiaps in beds

regarded by Stoliczka as silurian has been employed as a means of

correlating the volcanic beds of Kashmir and other areas with the palaeo-

zoic systems of Spiti.

Basic rocks of Rupshu.

The traverse of Southern Rupshu made by the present writer was

too rapid to permit of any detailed examination of the countless basic

intrusions found throughout that district. At present it is only possible

to say that there appear to be two distinct series of basic rocks—

a

H2
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garnetiferous and a non-garnetiferous ; of these the former appears to be

Garnetiferous basic "^"^^ the older, and has been found only in the

rocks. (( Xso iMoriri gneiss," at numerous localities near

the northern end of that lake, near Tso Kyagar, and between Shakshang

and Puga. All the intrusions are similar to one another, apd consist

of a garnetiferous amphibolite, composed chiefly of actinolite and

garnet, with muscovite, some untwinned felspar and quartz. No intru-

sions of this rock have been found in the schists which represent the

younger palaeozoics, although both they and the Rupshu granite are

often penetrated by dykes of the second or non-garnetiferous class
;

there is therefore no direct evidence of their age, but it seems probable

that, were they post-carboniferous, they would be found intrusive

in the beds of that system"; it is of course possible that a more detailed

examination of this very interesting area may prove that they occur

among the sedimentary beds as well as in the gneiss.

The non-garnetiferous rocks consist chiefly of forms related to

Basic rocks without
augite-norites, and resemble the basic intru-

garnets. sives found in Spiti. In the present state of our

knowledge of the petrography of Rupshu, detailed descriptions of

isolated specimens would be of no particular utility, but it is perhaps as

well to record the fact that they occur as dykes among the carboni-

ferous and permian beds and in the Rupshu granite
;
they therefore

constitute the youngest intrusive rocks of Southern Rupshu, and are

probably related to the pyroxenites and other basic igneous rocks found

further to the north, specimens of which have recently been described

by General McMahon.^

> Memoirs, G. S, I., vol. XXXI, pp. 303—329.
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Chapter VIII.

ECONOMIC GEOLOGY.

Even were the Splti valley rich in useful minerals, its inaccessibi-

lity vi^ould be a fatal bar to profitable exploitation.
Gypsum,

As it is, however, the only mineral obtainable in

any quantity is gypsum which, as already noted by Mr. Mallet,^ occurs

at Huling and Changrizang in lower Spiti. It is also found in the

valley of the Gyundi river in upper Spiti and between the Lipak and

Yulang rivers in Kanaur. In the last-named locality it occurs in

immense masses and thick beds replacing the carboniferous lime-

stone (PI. XVIj. It is massive, very pure and soft, and could be mined

with ease, but the cost of transport to the nearest market would be so

high as to preclude the possibility of its competing with the gypsum

of the Salt Range or of other mofe accessible localities. It is at present

employed locally to some extent as a whitewash for the outer walls of

houses, " chhortens " and " dukdens " (Buddhist shrines), but does

not appear to be put to any other uses.

Its origin has been discussed by Mr. Mallet in the paper already

quoted. He attributes it to the action of the sulphurous thermal

springs which are found near the gypsum ; the water of these, carry-

ing sulphuric acid in solution, would act on the carbonate of lime of

the limestones, thereby forming gypsum. That this explanation is the

true one is proved by the fact that Mr. Mallet found the action still

going on at the time of his visit, while the masses of gypsum near the

Lipak and Yulang rivers are found to pass horizpntally into unaltered

limestone, and to contain lumps and masses of that rock, thus show-

ing that the change has taken place in situ. Analyses made by the

present writer of the massive gypsum failed to show the presence of

anhydrite.

' Memoirs, G. S. I., vol. V.
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Iron.

Red haematite is found in the higli range about 3 miles south-west

of Muth in the Pin valley. It forms a band about

3 feet thick among the cambrian trilobite beds,

and boulders of it occur in the conglomerate which underlies the lower

Silurian quartzite. Its total extent is small, and, in the absence of fuel,

it is of no economic value.

Galena.

Galena occurs in a small quartz vein, infiltrated along a fault plane

in the upper triassic limestones in the hills

between Po and Dankhar. It is found only in

small, isolated cubes, which are laboriously extracted by the local

shikaris for the manufacture of bullets.

Gold.

The only locality in which this mineral has been found in the area

dealt with in the present Memoir is Chagya
Gold.

Sumdo, on the border between Rupshu and the

Tibetan province of To-tzo. A few pits, from ten to fifteen feet in

depth, are to be seen in the sub-recent gravels on the left bank of the

P4r4 river. They were said to have been dug some fifteen or sixteen

years previously by the Tibetans, who obtained a small quantity of

gold, but eventually deserted them as not being sufficiently pro-

ductive. A small amount of material was panned here, and at other

localities in Rupshu, by the present writer, but no trace of gold was

found.

Amethyst.

Amethyst (amethystine quartz) is common in the Sutlej valley in

. ,
Bashahr, and is known to occur at several locali-

Amethyst.
ties. Both it and the blue kyanite, which is so

plentiful in Kanaur and Bhabeh, and indeed throughout Bashahr

State, have been repeatedly mistaken by natives and inexperienced

Europeans for sapphire.
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Chapter IX.

CORRELATION WITH THE SIMLA SERIES.

The correlation of the metamorphosed sedimentary beds of the

lower Himalayas with beds of known age in the higher parts of that

range has ever been one of the most ditricult problems with whicii

the Himalayan geologist is called upon to deal. The apparent

absence of fossils in the pre-tertiary rocks of the lower ranges and

the discontinuity in the beds caused by the numerous intrusions of

great masses of granite, leave us dependent entirely on lithological

characters as a means, of correlating the rocks of different areas, and

in the face of such extreme variations in character of the palaeozoic

systems as are displayed in the sections of comparatively adjacent

areas, such as Spiti and Kanaur, this method of correlation can be

employed only with the greatest discretion.

In the present chapter it is proposed to deal with those aspects

of the question on which the recent survey of Spiti may have thrown

a little more light, that is to say, the correlation of the various beds

found at Simla, and in the Sutlej valley with their possible representa-

tives among the higher ranges to the north.

It is only within comparatively recent years that the real difficul-

ties of this problem seem to have been realised, the earliest observers

having been content to apportion, somewhat dogmatically, the vari-

ous Simla beds among the fossiliferous rocks of Spiti. Subsequently,

however, the question was studied more deeply by General McMahon

and Mr. Oldham, who made detailed surveys of Simla and neigh-

bouring areas and also visited both Spiti and Kashmir. The observa-

tions are embodied in numerous papers published in the " Records "

of this Department, and a summary of Mr. Oldham's conclusions will

be found in the " Manual of the Geology of India." ^ Of the area in

which these rocks and their representatives have been studied by

Mr. Oldham, only two small portions have been visited by the present

' Manual, 2iid Edn., pp. 132—138.
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writer, vi2., Spiti, and the immediate neighbourhood of Simla, and

any observations which may appear to run counter to the generally

accepted views are put forward with diffidence and chiefly with a

view to drawing the attention of future w^orkers to certain points which

appear to have hitherto escaped notice and which may help eventually

to elucidate this difficult problem.

The earliest attempt at correlation was made by Stoliczka, who iden-

tified the hi/ra-B\ain\ beds (Simla slates) with the upper part of his

Bhabeh series, i.e., with the beds regarded in this Memoir as of

middle and upper cambrian age.

The Blaini boulder slate he correlated with the lower part of his Muth

series, the Blaini limestone with the "arenaceous limestone" of the

same series, and the Boileauganj quartzite and schists with his " Ruling

series "; while the Muth quartzite he believed to be represented by "a

small thickness of a whitish quartzose schist " above the Blaini limestone.

Adopting Mr. Oldham's classification of the Simla beds as pub-

lished in Records, vol. XX, we obtain the correlation shown in the

following table :

—

Simla (Oldham). Spiti (Stoliczka).

Jutogh carbonaceous slates and
limestone.

Boileauganj quartzites and schists.

Lower carbonaceous slates.

Killing series (permian and carboni-
ferous of present memoir).

Muth quartzite ( = ? devonian).

Blaini limestone. Arenaceous limestone ( = partly upper,
partly lower silurian).

Upper boulder bed.

Bleach slates.

Lower boulder bed.

Lowest beds of Muth series ( = lower
Silurian).

In/ra-Blam beds. Upper Bhabeh series ( = upper and
middle cambrian).
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This correlation was subsequently followed by Lydekker, who

states that " there is no room for doubt as to the identity of the Panjdl

rocks with the Blaini and infra-BWwA series of [Simla] and the Muth

and Bhabeh series of [Spiti] : he was thus led to attribute to his

Panjil system an age very much greater than now appears probable.

So far as the area touched on in the present memoir is concerned,

there is a very considerable superficial resemblance between the lower

palaeozoic rocks of Spiti and some of the Simla beds, certain units

in the one finding their exact lithological counterparts in the other.

Thus the quartzites, slates and grits of the /«/r<z-BIaini beds, as seen

near the tunnel on the Simla-Mashobra road, are indistinguishable

in hand specimens from the Cambrian rocks of the Thanam valley in

Bashahr and of the Parahio valley in Spiti. Higher in the Cambrian

system, both in Bashahr and Spiti, are soft, intensely black carbona-

ceous shales, which are the exact counterpart of the carbonaceous

shales of Simla, while the reddish-brown and pink dolomite of the

upper Cambrian of the Parahio valley bears a strong lithological

resemblance to the Blaini dolomite.

In the case of the lower silurian conglomerate, the resemblance

is less striking. With regard to its correlation by Stoliczka with the

Blaini boulder bed, Mr. Oldham has remarked :
" The Muth series of

Stoliczka resembles nothing I am acquainted with in the Simla area.

One thing I feel certain of, that it does not represent the Blaini

group of Simla. The conglomerates of Muth are perfectly ordinary

conglomerates and quite different to the very peculiar Blaini rock."

So far as the conglomerate is concerned, the outcrops near Muth

undoubtedly bear out Mr. Oldham's view as to its origin. In many
places, however, where the rock has undergone a certain amount of

shearing, the matrix resembles a fine-grained slate, though it is not in

reality so fine as that of the Blaini rock, and more nearly resembles that

of the Po conglomerate (see below, p. 109 ; see also PI. XVII). Certainly

there is no reason to look upon it as of glacial origin. At the same

' Memoirs, G. S. I., vol. XXII, p. 249.

( )



I06 HAYDEN: GEOLOGY OF SPITI.

time, the series frequently bears a distinct superficial resemblance to

the Blaini boulder-beds ; in each area there are usually two boulder-

beds, separated from one another by a band of slate, while near ShiAn

in the Pin valley the lower bed is underlain by a narrow band of rock

consisting of small pebbles and angular fragments of white quartz in

a dark, slaty matrix, and strongly resembling a similar narrow band of

conglomerate which is found at Simla at the base of the boulder-beds,

and has been traced from the Elysium spur round the flank of Jakko to

the Sanjauli bazar.

So much for mere lithological resemblance : when, however, we turn

to the actual sequence, we find that there is considerable discordance

between the two areas. This will be readily seen by a glance at the

following parallel arrangement of the beds :

—

Simla.

Carbonaceous slate.

Dolomite.

Boulder slate.

Bleach slate.

Boulder slate.

Infra'B\a.\n\ slates, grits and
quartzites.

Spiti.

Conglomerate.

Slate.

Conglomerate.

Dolomite and slate.

Carbonaceous slate.

Cambrian slate, grits and quart-
zites.

It will thus be seen that the order of the beds above the lithologically

similar slates, grits and quartzites is in the one area exactly the reverse

of that in the other. This cannot be explained in the present case by

subsequent inversion of the strata in the Simla area : it is^ however,

possible to conceive of conditions under which deposition might take

place simultaneously in some such reverse order in two areas not far

removed from one another, but between the two, there would necessarily

be found a gradation from the one series into the other. The beds

between Spiti and Simla are so highly altered by dynamo- and con-

tact-metamorphism that there is little hope of finding confirmation, or

the reverse, and in view of the discrepancies between the two series, no

attempt at correlation, on the strength of lithological resemblance of

isolated members, could be justified. It has, however, been deemed

advisable to draw attention to such points of similaiity as exist.
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With regard to the upper beds of the Simla series, viz., the

Boileauganj quartzite and the Jutogh limestone, there are so many

similar combinations in Spiti

—

e.g., lower silurian quartzite and silurian

limestone, Muth quartzite and (?) devonian limestone, carboniferous

quartzite of the Lipak river and carboniferous limestone—that any

attempt at correlation is impossible.

Another suggested correlation, which, if subsequently found to be

correct, would to some extent favour Stoliczka's original view, has been

quite recently put forward by General McMahon, whose extensive ac-

quaintance with the Blaini and in/ra-B\^\n\ beds of the Himalayas en-

titles his opinion to no small weight. The correlation in question is that

of a certain conglomerate, found by Major McMahon in Chitral, with

the Blaini boulder-slate ; a full description of the rock will be found in

a recent number of the Geological Magazine ^
: unfortunately, General

McMahon's observations were made only on hand specimens, which

are so frequently misleading.

The conglomerate is said to occur below a bed of red sandstone

which is in turn overlain by limestone containing devonian fossils.^ It

has already been stated,^ that the sequence as recorded above distinctly

recalls the conglomerate, red quartzite and limt stone, i.e., the silurian

system, of Spiti, but in the absence of any details as to the thickness

or subdivisions of the members of the Chitral beds, it is impossible

to say how far the one series may represent the other, but even should

the Chitral series and silurian of Spiti eventually be proved, on palaeonto-

logical grounds, to be one and the same, the probability of being able to

connect two such widely separated areas as Chitral and Simla seems

very remote.

It is, however, interesting to note that in Hazara a somewhat similar

series was found by Mr. Middlemiss who described * in sonie detail an

"?«/ra-trias " conglomerate which he has correlated with the Talchir .

1 Geol. Magazine, vol. IX, No. i, January igo2, pp. i— 8.

Ibid., No. 2j February, ic,o2, pp. 49—58.
^ Supra, p. 31.

* Memoirs, G. S. I., vol. XXVI, pp. 17—23.
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boulder-bed of the Salt Range, the Blaini boulder-slate of Simla and the

Panjal conglomerate of Kashmir, thus referring all four to the same

horizon. Of these, Mr. Middlemiss has had the opportunity of examin-

ing all but the Panjal conglomerate, and his conclusions are therefore

entitled to no small degree of consideration. On the other hand, it is

difficult to resist the temptation to correlate the Hazara rock with the

lower silurian conglomerate of Spiti, for each of these passes up

into a comparatively thin band of shale, overlain by a red— at times

purple—quartzite in the one case, and by a purple sandstone in the

other.

The most recent and generally accepted views with regard to the

correlation of the Spiti and Simla rocks are to be found in the " Manual

of the Geology of India," ^ in which the Blaini boulder-slate is indi-

cated as the probable equivalent of the Panjal conglomerates of

Kashmir and the Talchir boulder-bed of the Salt Range, and these

again referred to the permian conglomerates of Po in Spiti. The

first observer to draw attention to the Po rock was General McMahon,

who described an outcrop of conglomerate, seen on the road between

that village and Dankhar, as consisting of large boulders in a fine-

grained, slaty matrix, the whole resembling the Blaini "conglomerate."^

In a subsequent paper, ^ however, he appears to accept Stoliczka's corre-

lation of the Blaini rock with the silurian conglomerate of Muth, thus

following him in supposing that the cambrian and silurian rocks near

that village were merely a different facies of the slates and quartzites

of lower Spiti : there is now no doubt that the latter series represents

the permian and part of the carboniferous systems, and this still

further emphasises the futility of any attempt at correlation on the

strength of mere lithological resemblance.

As has already been stated above (p. 52), the permian conglomerate

of Spiti is also exposed at the junction of the Lingti and Spiti rivers

below Dankhar. This outcrop was noticed both by General McMahon

' Manual, G. S. I., 2nd Ed., pp. 132—138.

' Records, G. S. I., vol. XII, p. 63.

' Records, G. S. I., vol. XIV, p. 309.
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and Mr. Oldham, the latter of whom draws attention to the resemblance

borne by the rock to the Blaini conglomeratic slate.^

During the recent survey of Spiti the present writer paid a con-

siderable amount of attention to the question of the supposed resem-

blance of these permiau conglomerates to the Blaini boulder-slates,

and a detailed examination of the sections near Po and Pomarang, and

also of the outcrops mentioned by McMahon and Oldham, has led

him to the conclusion that the resemblance is only superficial. The

Blaini boulder-slate is now generally regarded as of glacial origin,

owing to the fact of its being composed of comparatively large boul-

ders in a fine-grained, silty matrix, and the same characters have been

claimed for the corfglomerate seen near Po and Dankhar. This latter

rock occurs among a series of typical shallow-water deposits, consisting

of quartzites, grits, gritty slates, conglomerates and occasional beds

of fine-grained slate. The matrix of the conglomerate varies from

a coarse grit to a gritty slate, corresponding in composition to a fine-

grained, somewhat argillaceous sandstone : the rock has usually under-

gone a considerable amount of crushing and shearing, thus being con-

verted into a boulder-bearing slatC; the included fragments varying in

size from small pebbles to boulders nearly a foot in diameter; the

latter, however, are rare, the pebbles being as a rule about the size of

the fist.

Under the microscope, the rock appears to be an ordinary con-

glomerate
;
figs. I and 2 on Plate XVII represent sections of the matrix

collected from the localities mentioned by Mr. Oldham and General

McMahon. It will be seen that the specimen from Po is quite coarse

and gritty, while that from below Dankhar is finer, but still only a

gritty, arenaceous slate ; this represents the finest-grained matrix that

the present writer has been able to find among the conglomerates of

Spiti. In addition to the conglomerate, beds of fine-grained slate,

presumably representing true silts,- are not uncommon in the series,

but have never been found to contain pebbles or boulders, though

» Records, G. S. I., vol. XXI, p. 151.
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frequently full of large; concretions, and no pebble or boulder-bearing

bed has been found with a silty matrix. There is therefore no evi-

dence in support of the theory of a glacial origin for the conglomerates,

which, with the slates, grits and quartzites with which they are

associated, are just such rocks as might be expected to occur among a

series of shallow-water deposits laid down in estuaries or in the

neighbourhood of a shore-line.

Figure 3, Plate XVII, represents the matrix of the Blaini boulder-

slate as seen on the Mall at Simla, near Sanjauli bazar. It will be seen

that it is very much finer than the matrix of the Spiti conglomerate,

while the present writer "has found that larger boulders occur in the

Simla rock than are to be seen in its supposed representatives in Spiti.

It would seem, therefore, that correlation of the two series on the
'

ground of a common glacial origin is not warranted, but this cannot be

regarded as sufficient reason for denying that such correlation may

still be correct.

Certain other points of resemblance were found by Mr. Oldham

between the Blaini rocks and the permian beds of Spiti; one of these

was the occurrence of carbonaceous shales above the boulder-bearing

beds in both areas. The carbonaceous shales of Simla require little

description : they are soft, densely black and graphitic, their appear-

ance having frequently led to their being mistaken, by those not versed

in such matters, for coal. On the other hand, their supposed repre-

sentatives in Spiti, which have been described in this memoir as the

" Productus shales," though certainly black at times, are more usually

dark-brown, gritty and micaceous, with a few indistinct plant impres-

sions in the lower beds. They have not, however, even where greatly

metamorphosed, as in Rupshu, that intensely black, coaly and graphi-

tic appearance so characteristic of the Simla carbonaceous shales,

which are much more nearly related, lithologically, to the cambrian

carbonaceous shales of Bashahr.

i; A further argument adduced by Mr. Oldham in favour of his

correlation was the common resemblance of the Po conglomerate and

the Blaini boulder-slate to the Panjal conglomerates of Kashmir and

(
no )
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to the Talchir boulder-bed of the Salt Range. The present writer

has not had the opportunity of seeing either of the two last-named

formations, but the recent survey of Spiti may nevertheless throw some

light on the question, for it is hoped that a detailed examination of

the fossils collected from the Po series may definitely fix the age of the

conglomerates; at present it is only possible to say that they are

either upper carboniferous or permian, but their exact horizon is still

a matter of doubt. Quite recently a series of slates and limestones

have been found by Dr. Noetling in Kashmir; they are. said to overlie

tuffs, which are not improbably the representativt-:; of Lydekker's

" Panjdl system," and are said to contain permian fishes and lower

Gondwana plants, in which case the underlying beds would appear to be

. referable to the beds at the base of the Gondwanas, or, in other words,

to the Talchir boulder-bed, and should the tuff series be found to contain

the Panjal conglomerate, correlation with the Salt Range might safely

be considered as established. As stated above (p. 57), it is highly

probable that the Po series of shales and quartzites, as well as the

overlying permian beds, will be found to be continuous, from upper

Spiti, at least into the Lingti valley in Kashmir, and a survey of the

intervening area should, therefore, definitely determine the relation

between Lydekker's " Panjd.1 system " and the neighbouring beds of

Spiti; and such a correlation, once established, would probably link up

the Salt Range with both Spiti and Kashmir. This, however, would

not necessarily bring us much nearer to the solution of the problem of

the age of the Blaini rocks, for we have seen that there are two series

in Spiti, differing widely from one another in age, each of which has

certain points of lithological resemblance to the Simla beds, but in

neither case do there appear to be sufficient grounds for definite correla-

tion, and until evidence of a more satisfactory nature can be obtained,

we must look upon the question as still unsolved.

( III )
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Shdlshdl Dengo 32° 50' 78° 41' 93. 94.

La 32° 52' 78° 40' 93-

Shidn 31° 55' 78° 6' 21, 22, 24,
106.

Shipki ....... 31° 49' 78° 49' 8.
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Sumra Ld ...... 32° 2' 78° 36' 41. 45. 98,

99.

Sungnatn 31° 45' 78" 32' 10, 19.

T

Tagling LA 32° 32' 78° 5' 92.

Taite (R.) ... (see T6ti).

Tdk-rd-chen 31° 55' 78° 35' 37-

Takse . . - . 32° 27' 77° 46' 29. 34. 39.

41, 44.

Tanga (E. G.) 31° 55' 78° '^'5' '^6, 77.0^. 0/

Tanga Chenmo ..... 32° 14' 77° 53' 41. 71-

T6ti (R.) l°42' 78° 20' 10, 23, 29.

Thdbo 32° 5' 78° 27' 47. 48, 49,

50, 51. 99-
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Thanam (R.) • 31° 50' 78° 27' 10. 13, 17,

18, 19, 22,
SO on of\

42, '52, 71.

78, \oK.

To-tzo • ,
'\2^ is' 78° 4c:' 4, -38. AT

92, 102.

Trdk-ri-chen . {see Tdk-rd-
chen).

Trdkse • • • • • ... ... {.see Tikse).

77° 45' 57.

Tso-Moriri , • • 32° 55' 78° 23' 94. 95, 96.

Tso-tso . . • • •

u

* • {see To-tzo).

Uti . • • *

w
* • ... ... {see Ooti).

Wangar (R.) . t • 31° 33' 78° 6' 8, 9, 10

Wangtu . . • • •

Y

• 3X° 32' 78" 4' 8.

Yituitse (R.) . • • • 32° 4' 78° 30' 99.

Yulang (R.) . 31° 56' 78° 37' 34,36,37.
38,41, lOI.
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PLATE 2.

a to /. Fossilifcrous shales and limestones, (See pages 37 to |i )

g. Unfossiliferous white quartzite.
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PLATE 7

4. Lower Silurian conglomerate (No. 19, p. 14).

3, Upper Cambrian shale and quartzite (No. 18, p. 14).

2. „ „ upper dolomite (No. 17, p. 14).

I. „ „ lower „ (No. 15, p. 14).
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JUNCTION OF CAMBRIAN AND SILURIAN BEDS IN HILLS
ON LEFT SIDE OF PARAHIO RIVER.







PLATE 8.

10. Tropites beds,

g. Grey beds.

8. Daonella limestone.

7. Daonella shale.

6. Muschelkalk and lower trias.

5. Productus shales.

4. Muth quartzite.

3. Silurian limestone.

2. Red lower silurian quartzite.

c. Lower silurian conglomerate.

I. Cambrian slates and quartzite.

I. and c are separated from one another by a fault (see p 21),









PLATE 9.

7. Productus shales.

6. Muth quartzite.

S. Silurian limestone.

4. Lower silurian quartzite.

3. „ „ conglomerate.

2. Cambrian dolomite.

I . „ slates and quartzites.
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PLATE lo.

^ 6. Daonella shales,

5. Muschelkalk.

4. Lower trias.

3. Productus shales.

2. Muth quartzite.

I. Stluriar limestone
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MUTH QUARTZITE AT HEAD OF TETI RIVER, BASHAHR.







PLATE II.

8. Daonella limestone.

7. Daonella shales.

6. Muschelkalk.

5. Lower trias.

4. Productus shales.

3. Muth quartzite.

2. Silurian limestone.

I. Lower silurian quartzite.

In the higher ridges the Muth quartzite had been completely removed

before the deposition of the Productus shales.
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JUNCTION OF PAL/EOZOIC AND MESOZOIC BEDS,

UPPER THANAM VALLEY, BASHAHR.







PLATE 12.

8 Grey beds.

7. Daonella limestone.

6. Daonella shales.

5. Musclielkalk.

4. Productus shales.

3. Lower permian conglomerate.

2. Upper carboniferous quartzite and sb,ale.

I. Fenestella shales.









PLATE 13

Monotis beds.

Coral limestone,

Juvavites beds.
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FOLDED UPPER TRIAS, NORTH SIDE OF MANIRANG PASS.







PLATE 14.

T. Upper Trias.
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FIG. 1 MEGALODON LIMESTONE.
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FIG. 2. GRANITE VEINS IN CAMBRIAN SLATES,
ABOVE NAKU, KANAUR.









c; /:()/.()(; /C.I/, ay/a' v/:y o/' /n/^/a.

II. II. lhi\(Kii Memoirs, X'ol. XX.W'I. I'l. i. I'lalc 17.
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FIG. 3. MATRIX OF BLAINI BOULDER-SLATE.
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IN Central Tibet. By H. H. Hayden, B.A., B.E.,

F.G.S., Superintendent, Geological Survey of India.

INTRODUCTION.

Until the despatch of the Tibet Frontier Commission in the

summer of the year 1903, nothing was known of the geology of

the area lying between the northern frontier of Sikkin and Nam
Tso (Tengri Nur)^ At both of these limits fossiliferous rocks had been

found, first on the south by Sir Joseph Hooker, who in 1849 discovered

limestones, which he regarded as Tertiary in age, on the eastern shore

of Tso Lhamo (" Cholamo "),^ a small glacial lake at the northern

foot of the Drongkhya La, and subsequently, in 1874, by Pandit Nain

Singh, of the Survey of India, who collected specimens of Omphalia

trotteriY?Xm? at Nam Tso. Nothing, however, was known of the

intervening country, until, shortly after the arrival of the mission

at Kampa dzong, Mr. Claude White, Political Agent in Sikkim,

forwarded to the Geological Survey a number of ammonites character-

istic of the Spiti shales. With these were a few fragments of

lamellibranchs, which were referred by my colleague, Mr. Vredenburg,

to the family of the Rudistse. The importance of this discovery

'"Nam Tso" is the Tibetan and " Tengri Nur" the Mongolian name for

this lake ; since the lake is actually in Tibet the former name is preferable.

^ Hividlayan Journals, II (1854), 177.

' Rec. Geol. Surv. Ind., X (1871), 21.
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2 HAYDEN: GEOLOGY OF THE PROVINCES OF TSANG AND 0.

was at once recognised and it was decided that a geologist should

join the mission at Kampa dzong.

The results of the traverse subsequently made through a consider-

able part of Central Tibet are embodied in the following pages,

which^ however, do not claim to give more than the merest outline

of the geology of the area passed through, for although, during the

early months of peaceful expectancy at Kampa dzong, it was found

possible to make a fairly extensive examination of the surrounding

country, yet after the transfer of the scene of operations to the Chumbi

Valley, the exigencies of a military expedition confined observations

almost entirely to the bare line of march.

I must once more record my great indebtedness to Sir F. E.

Younghusband, K.C.I.E., vi^ho did so much to forward every branch

of scientific enquiry and earned, both by his never-failing sympathy,

as well as by material aid always so generously given, the deep

gratitude of all who were privileged to work under him. My
thanks are also due to many members of the mission and escort for

frequent assistance in the collection both of geological specimens and

of information : I am especially indebted to Messrs. J. C. White, C.I.E.,

E. H. Walsh, I.C.S., E. C. Wilton, C.xM.G., Major C. H. D. Ryder,

R.E., D.S.O., Captains W. F. O'Connor, C.I.E., H. M. Cowie, R.E.,

and R. Lloyd, I. M.S., and Lieutenant F. M. Bailey.

CHAPTER h

PHYSICAL FEATURES,

I. Mountain Systems.

On the map compiled by Trelawney Saunders and published

in Sir Clements Markham's edition of the narratives of Bogle and

Manning,^ the Himalaya mountains are shown, so far as their eastern

division is concerned, as consisting of two distinct and continuous

ranges lying to the south of the Tsangpo and running parallel to

1 2nd e:iition (1879).

( )



PHYSICAL FEATURES. 3

one another, almost due west-east, but coalescing at the point where

the Tsangpo takes a sudden bend to the south and cuts its way

through the hills to the plains of Assam. To the north of the

Tsangpo a third equally well-defined range is shown as the Gangri

mountains.

In the second edition of the Manual of the Geology of India,'

Mr. R. D. Oldham has expressed some doubt as to the correctness

of this delineation of the Tibetan and Himalayan mountain systems,

suggesting that the conditions were possibly by no means so simple

as represented. Recent work has thrown new light on this question,

and we are now in possession of detailed topographical maps of

the whole course of the Tsangpo from its source down to the

91st meridian, while, for the area to the east of this, as far as the

bend, the maps prepared by A—k* afford much valuable information.

From these it can be seen that, to the north of Kumaon and Nepal,

as far east as the 88th meridian, both agree in showing an apparently

distinct and well-defined mountain range adhering closely to the

Tsangpo and separated from the chain of high snowy peaks by broad

and open plains interrupted here and there by transverse spurs.

In the publications of the Geological Survey this range is known as

the northern range of the Central Himalaya, and it has already been

pointed out by Mr. Griesbach and numerous other observers that

its crest constitutes the line of water-parting between the small north-

ward-flowing tributaries of the upper Tsangpo and the large rivers

which find their way through the southern range of snowy peaks

to the Gangetic plain.

^

In the neighbourhood of the 88th meridian and from thence east-

wards, the orographical conditions have now been found to be by

no means so simple as was formerly supposed, for the northern range

ceases to exist as a definite unit and merges into a mass of variously

" p. 460.

' See J. B. N. Hennessey : Report on the Explorations in Great Tibet and
Mongolia, made by A—k in 1879—82 (1884).

' Mem. Geol. Sttrv. Ind., XXIII (1891), 23,

{ )
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4 HAYDEN : GEOLOGY OF THE PROVINCES OF TSANG AND t).

oriented ridges, intersected by broad valleys and enclosing open

plains and extensive lakes, and is not definitely separated from the

southern chain of high peaks, its relation to which is somewhat

analogous to that of the lower Himalaya to the same range.

Hence in the area dealt with in the present memoir there is only

one continuous trough which persists throughout the whole length of

Central Tibet : this is the valley of the Tsangpo, which divides the

Central Himalaya from the so-called Tibetan ranges, termed by

Trelawney Saunders the Gangri mountains and by Hodgson the

Nyenchentangla^ range.

On the west, along the northern frontier of Nepal, a second trough

appears to be fairly well marked and continuous, but disappears in

Central I'ibet, and can be traced only in a series of more or less

isolated depressions, such as the Yaru plain and the basin of Kala

Tso, lying amongst the complicated system of ranges which here

replace the northern range of the Central Himalaya.

The irregularity of the orographic conditions of this area is, as

might be expected, reflected in the stratigraphy; still the threefold

sub-division into (a) Tibetan, (d) lower Himalayan and crystalline and

{c) sub-Himalayan zones is for the most part as clearly marked

between Bengal and Lhasa as it is between the Dun and Hundes or

between Kalka and Ladak.

The present memoir deals exclusively with the two inner zones,

the lower Himalayan and crystalline and the Tibetan. The former

of these extends throughout Sikkim and Bhutan and consists chiefly

of granite penetrating a series of schists, crystalline limestones

' Gang-ri is merely a generic term meaning " snowy peak " and its use by
the Tibetans is analogous to that of the term " tsang-po " for any large river.

Nyen-chen-tang-la—? " N6-jin-thang-lha " (A^o-/j« = mountain deities)— is also

the name given by Littlrdale [Geo^r. yo;<»'"., VII (1896), 467] for the snowy

range to the south of Nam Tso (Tengri Nur) culminating in the peak named

by him "Charemaru" (? Tsa-rz), the height of which he states to be 24,153 feet.

This is possibly the peak visible from the hills above Gyantse and also from

the Pem-po-go La; its position was fixed from the hills to the north of Lhasa

by Major Ryder and the height determined at 23,250 feet.

( )
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and granuHtes, which are probably in part the equivalents of the

similar Archaean rocks of the Peninsula and Burma, The com-

plete absence amongst these of fossiliferous sediments leads us to

the conclusion that this part of the Himalaya belongs stratigraphi-

cally to the Peninsula, and has from earliest Palaeozoic times been a

land surface, in fact the northern coast of Gondwanaland.

This zone comprises all the highest peaks of the Himalaya, the

relics of the snow-clad mountain range which was originally the line

of water-parting between the S.-N. and N.-S. drainage systems.

Now, however, it has been cut through by the more active rivers of

the southern watershed, which have captured much of the watershed

of the northward-flowing tributaries of the Tsangpo, and the once

continuous range is now merely a series of isolated peaks or groups

of peaks, which can, however, be followed from end to end of the

Himalaya.

Here and there branches of granite diverge from the main mass

of the crystalline zone, and force their way through the sedimentary

beds to the north. Throughout the greater part of the Himalaya,

such off-shoots are not apparently of great extent : but in the area

with which we are at present chiefly concerned, they are both

numerous and extensive. The most important of these subordinate

intrusions diverges from the central core on the western boundary of

Bhutan and Chomolhari and runs towards the north-east, forming the

range of snowy peaks which constitutes the water-parting between the

drainage flowing northwards to the Tsangpo and lake Yamdrok and

the southward-flowing rivers of the highlands of Bhutan.^

Further off-shoots run from the Lingslii range northwards to

Nojinkangsang and the Karo La, the only group of snowy peaks

between Northern Bhutan and the Tsangpo, and a mass of intrusive

granite, genetically related to that of the crystalline zone, is found

' This range is a perfectly definite orographic unit, but has no name since

the Tibetans name only peaks and passes; it might be conveniently called the

Lingshi range, from the pass of that name, leading through it from the Tuna

plain to Bhutan,

( 126 )
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also at Dzamtrang in the valley of the Nyang Chu some sixteen

miles to the south of Gyantse. The smaller intrusive masses are not

superficially connected with the main granitic core of the crystalline

zone, but their close genetic relationship to it renders it probable that

they are merely off-shoots from one and the same magma, ramifying

along lines of weakness in the folded sedimentary beds. The more

intricate the ramification, the more complicated will be the structural

conditions and consequently the orography, and it would seem there-

fore that the change from the comparative simplicity of the northern

range of the Himdlaya in their central portion to the complexity in

the eastern, is due largely to the extensive intrusions of granite along

lines of weakness, and that the further we go to the east the more

complex will the conditions become, since we approach nearer to the

area in which the two great systems of folding, the Himalayan and the

Tibeto-Burmese, meet ' and in which the structural conditions would

naturally be expected to be more highly complicated.

2. Rivers.

To the north of the crystalline zone lies the Tibetan zone, com-

posed chiefly of sediments deposited in the Tethys, the Mesozoic sea

of Eurasia. In Central Tibet, as elsewhere in the Himalaya, these

sedimentary beds are intensely folded. The longitudinal axes of

the folds run approximately W.-E., parallel to the Himalayan arc,

and thus determine the directions of the main drainage lines—a longi-

tudinal system from west to east and transverse systems from north

to south and south to north.

The longitudinal system is represented by the great trough of

the Tsangpo which, from its source to at least

thJ'TsangJ'o"^'
^= ^^"^ ^^^^ meridian of Lhasa, follows

with remarkable accuracy the trend of the

Himalayan arc.

At a short distance below Shigatse the river appears to enter a

' Suess : Das Antlitz der Erde, Vol. I (1892), 590.
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series of deep gorges cut through granite and possibly various volcanic

rocks, pebbles of which are numerous amongst the river gravels

further down : at Chapra the valley rapidly widens and soon becomes

from two to four miles broad with numerous river channels and old

gravel banks ; sand dunes are seen at Chaksam where the sand is

piled against the western side of the hill which stands out prominently

in the middle of the valley.^

Throughout this part of its course the river runs parallel to the

strike of the Jurassic slates, but further to the east its relation to the

strike of the sedimentary beds is still only a matter of conjecture

and at the point at which it bends to the south to cut its way through

the mountains, the stratigraphical conditions are, as already stated,

probably highly complicated. It has been suggested to me by

Mr. .R. D. Oldham that the latter part of its course may afford an

example of the phenomenon of capture so common in the Himalayan

rivers, and that originally the Tsangpo may have continued on-

wards further to the east, but this and many other geological and

geographical problems of absorbing interest must await solution until

the unknown country between the Tsangpo and Batang has been

visited, here the Himalayan system meets the N.-S. system of the

Burmese and eastern Tibetan folds, and here too it should be possible

to determine the relationship of the sediments laid down in the

Eurasian Mesozoic sea to the older Palaeozoic and metamorphic beds

found by Szechenyi and Loczy in the ranges of Eastern Tibet and

Western China.'

The transverse drainage system comprises several large rivers,

including the Lachen and Lachung (which
Transverse system.

_

unite at Tsiintang to form the Tista), the

Arun (or Yaru) Chu, the Ammo Chu, the Nyang Chu and the

Kyi Chu.

' These are entirely wind-formed and show the direction of the prevailing winds

to be westerly.

' Wiss. Ergebnisse der Retse der Grafen Bela Szechenyi in Ostasien ; Bd.

I (1893).

( 128
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The Lachen and Lachung are already well known from the

. . w^ork of Hooker, Blanford and others. They
Lachen and Lachung.

rise on opposite sides of the Drongkhya La, the

Lachung from the southern side and the Lachen from Tso Lhamo

and the surrounding snow-fields on the north. Both these rivers have

been described by Hooker, to whose graphic and accurate account

I have nothing to add. His sketch of the country to the north of

the Drongkhya La shows admirably the broad open valley through

which the Lachen flows for the first few miles, before it turns

at Gyaugang to cut its way through the moraines and talus from

Chomoyumo and Kangchenjhao.

Separated from this valley by the comparatively low ridge running

from Chomoyumo to Pauhunri, is the Yaru plain
YaruChu.

.

in the centre of which stands Kampa dzong;

through this meanders the Yaru river, flowing at first approximately

N.-S. but subsequently turning to the west and flowing out through

the hills to the west of Mong-go into Nepal. The basin drained by

this river is of very considerable extent, but there is reason to suppose

that it was formerly even greater than it is now. High up on the

hills near Kampa dzong, many hundred feet above the plain, are

found patches of old river gravels, containing well-rounded boulders,

many of which are of granite and have apparently been derived from

Pauhunri and Kangchenjhao. Numerous erratic blocks of granite

are also found in the valleys and on the slopes to the west of

Tatsang and can only have been derived from the granite peaks to

the .south. It appears therefore that the glaciers of Pauhunri and

Kangchenjhao at one time extended to the north into the Yaru

plain, and that the upper valley of the Lachen river originally belonged

to this drainage system but has been subsequently captured from it

by the gradual cutting back of the head-waters of the Tista. It is

even possible that the Yaru river itself may have flowed northward to

join the Tsangpo, but of this we have no direct evidence, and the

present line of water-parting between the northern and southern

transverse drainage is the crest of the range which forms the northern

( 129 )
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boundary of the Yaru plain, and runs far to the westward, merging

into the northern range of the Central Himdlaya.

At the north-east corner of the Yaru plain the line of water-parting

suddenly bends round to the south and runs back to Pauhunri, thence

east through the Tang La to Chomolhari and continuing thence to

the north-east lies on the Lingshi range—the dividing range between

Northern Bhutan and Tibet.

Thus the Tang La constitutes the crest of the watershed

between the basin of the Nyang Chu and that of the Ammo Chu. The

latter river rises in the glaciers of Pauhunri and Chomolhari, one

branch draining the Phari plain and the other the Khongbu valley
;

these unite at Bakcham and flowing through the narrow valley of

Chumbi debouch on the plains of Bengal as the main branch of the

Torsa.

The largest, in fact the only important, river flowing to the north to

join the Tsangpo in this part of Tibet, is the
Nyang Chu. . ...

Nyang Chu. Its various branches rise in the

glaciers of Chomolhari and the Lingshi range, in the hills to the west

of Kala Tso and in the group of peaks in the neighbourhood of the

Karo La.

There is no evident connection between this river and the streams

falling into Hram Tso and Kala TsO; but near Mangtsa, at about lO

miles to the east of Kala Tso, a stream of considerable volume issues

from under the gravel terraces of the plain, and there can be little

doubt that its waters are derived from Kala Tso by underground

percolation.

The two main branches of the Nyang Chu unite at the southern

end of ihe Gyantse plain. One of these flows north across the strike

of the folded and crushed sedimentary beds at Dzamtrang, cutting

out a deep and narrow gorge through a mass of granite and other

intrusive rocks ; the other branch is formed by the union of the Nyiru

Chu, deriving its waters from the snowy peaks to the north of Bhutan

—the Lingshi range—and the Ralung Chu coming from the glaciers

of Nojinkangsang and surrounding peaks. From Gyantse the river

( )
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flows through a broad and fertile valley to Shigatse where it joins

the Tsangpo.

To the east of the Karo La most of the streams fall into a basin

of internal drainage, in which lies the famous
Rong Chu.

"

Yamdrok lake. The only exception is the Rong

Chu, which, rising at a short distance from the north-western shore

of the lake, flows through a deep and narrow valley to join the

Tsangpo at some distance below Shigatse. The Rong would appear

to have been at one time a considerably larger river than it is

at present and probably flowed out of Yamdrok Tso ; it may still

derive some of its water from the lake by percolation through the old

moraine material which now dams the outlet (see below, p. 12).

Second only in importance to the Tsangpo, the Kyi Chu rises

in the mountains to the east of Lhasa and is

Kyi Cha. ... „ .

jomed by various streams flowing from the north

and north-west. At Lhasa it flows through a broad, swampy plain

spreading out into several channels separated by gravel banks (PI. 6).

Its fall from Lhasa to near Chushii, where it joins the Tsangpo, is a

little less than 300 feet : its gradient is thus only about i in 600.

3. Lakes.

Like most known Tibetan lakes those of Central Tibet were

once much larger than they are now ; and if, as is usually supposed,

they are still undergoing desiccation, it is probable that, owing

to higher rainfall, the rate is not so rapid as in the arid plains of

western and northern Tibet.

In the area visited by the mission, the most important lakes

are Tso Modretung, Hram Tso, Kala Tso and Yamdrok Tso.

The first of these lies in the north-western corner of the Yaru

plain and is fed by rivers from the high rangfe to
Tso Modretang.

, , , • , . ..

the north. Its area is about forty square mues

and it appears at present to have no outflow, although there is a

well-marked channel connecting it with the Yaru river, into which,

however, it probably drains by under ground percolation.

( )
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Hram Tso occupies the northern part of the great Tiina plain,

lying to the north of the Tang La. It is fed
Hram Tso.

, n • • r ^.i. t
by streams flowing in from the surrounding

ranges and, unlike most Tibetan lakes, has also, except in the depth of

winter when all streams are frozen, a permanent outflow; this

escapes through a narrow gorge eroded out of the Jurassic slates at

the extreme northern end of the lake at Tsalu, whence a small river

runs to Kala Tso, into which it falls near the village of Kalashar.

The latter lake lies in an open valley running approximately

W.-S.W. to E.-N.E. and some 20 miles long by
Kala Tso.

r , , , • ,

4 miles wide ; the area of the lake is now only

about 17 square miles, but there is ample evidence to prove that it was

formerly very much larger. Terraces showing the former shores

of the lake can be clearly seen at about 30 feet above its present

level, whilst the old bed, now dry, extends far across the plain

towards Mangtsa. At about seven miles to the east of the present

lake an old river-course, with several terraces, indicates the former

outlet
;

this, however, is now dry and outflow takes place by under-

ground percolation.

Like Kala Tso, Yamdrok Tso has now no outlet. The lake

occupies a basin between 600 and 700 square
Yamdrok Tso.

. . ,
/ ^

miles in extent, in the centre of which is a

mass of hills. In the eastern portion of this basin lies the greater

part of the lake, a wide expanse some 30 miles long by 8 miles

wide : thence a narrow arm, at one time probably a river valley, runs

northward, occupying a deep valley (PI. 7) and curving round so as

to almost completely encircle the central mass of hills. Opposite

Nangkartse lies the Dumo Tso, which, although once part of Yamdrok

Tso, is now separated from it by strips of low-lying marsh-land.

Numerous old terraces can be seen on the hill-sides above the

shores of the lake
;
they are as a rule rather indistinct, but two still

remain well-marked, one being at about 100 feet and the other at 30

feet above the present level. It is evident, therefore, that the lake has

contracted in volume, and that at one time it must have completely

( 132 )
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encircled the central hill-mass and extended to some height up the

mountain sides.

The broad valley running out from Kasang Sampa—a dam partly

natural and partly artificial— at the north-west corner of the lake, was
evidently the original outlet whence the drainage escaped down the

valley of the Rong Chu
;

this, however, was gradually closed and the

Rong no longer rises in Yamdrok Tso, but in a small lake at about

6 miles further to the west-northwest. Between this and Yamdrok is

another small lake, whence the water flows back through Kasang Sampa.

90 •5 90 s6

29

^,9(5 li Scale, 1 Inch =4 Miles so 3d
1

Map showing reversal of drainage at head of Rong Chu,

a«-c, line of water-parting.
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A complete reversal of the drainage has thus taken place and the line

of water-parting between the Rong Chu and Yamdrok Tso lies

between the villages of SaUiang and Teshung.

Numerous small lakes of comparatively recent origin lie among

the glaciers and old moraines of Sikkim and
Small glacial lakes.

Tibet : examples of these are Tso Lhamo, Bam

Tso and Gyamtsonang in the Lachen basin^ numerous small lakes

among the old moraines on the western flanks of the Lingshi range

and a small tarn at the end of the great glacier opposite Dzara, the

Chinese post-house to the east of the Karo La.

The origin of the Tibetan lakes was formerly ascribed to the

Origin of Tibetan lakes,
damming up of rivers by the debris brought

down by side streams, but some years ago

an ingenious suggestion was made by Mr, R. D. Oldham that the true

explanation might lie in local uplift of the river-bed ; hence if the rate

of elevation exceeded that of erosion of the river, the stream

would be unable to keep its channel open and a lake would conse-

quently be formed. The valley between Yamdrok Tso and Teshung

(see wood-cut, p. 12) is broad and open, and the amount of debris

brought in from the lateral valleys even when they carried glaciers

would have been too insignificant to have arrested the flow of the

important river that must once have passed through the Rong valley.

If, however, we assume that by a slight local uplift the bed of the river

was raised between Yasik and Teshung, the deposition of a compara-

tively small amount of debris might have been sufficient to result in

the formation of a lake. The contrast between the deep and preci-

pitous gorge of the Rong some way below Teshung and the open

valley above is a further indication of local elevation having enhanced

the erosive power of the river below and diminished it above the line

of uplift.

Turning now to Kala Tso we find no evidence of uplift such as is

furnished by Yamdrok and the valley of the Rong Chu. The eastern

margin of the lake lies many miles from the valley of the Nyang Chu,

the intervening area is now covered by fine silt such as is found

( m )
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around the present shore and all evidence points to the fact that the

lake once extended to the river valley at Mangtsa. From this point

a broad glaciated valley runs up to the snow-clad peaks on the Bhutan

frontier, and the extensive moraines with which it is now filled show

that a large glacier once flowed from these peaks to the valley of the

Nyang Chu ; this glacier, as it retreated, closed with its moraine the

tributary valley of Kala Tso and thus produced a lake, the waters of

which stood at a height of about 30 feet above their present level for a

period long enough to enable the lake to leave a clearly defined terrace

to mark its old shore-line. Once desiccation set in, it appears to

have continued steadily and, so far as can be ascertained from local

evidence, to be still in progress at the present day. This process is

usually attributed to the rise of the main range of the Himalaya and

the consequent arrest of the moisture-laden winds of the Indian mon-

soon, and should it be possible to prove by a series of observations

that desiccation is still in progress, this would strengthen the prevalent

belief that the Himalayan mountain-system has not yet reached

maturity. It would of course be necessary for such observations to

extend over a long period of years, but under existing circumstances,

there should be no difficulty in establishing gauges both on Hram Tso

and Kala Tso. Similar observations might be made on the Rupshu

lakes, of which Tso Moriri would probably be the most suitable, and

it might even be feasible to extend them to Manasarowar and

Rakas Tal.

4. Glaciation.

In Central Tibet, as in all parts of the Himalaya, there is ample

evidence to show tliat glaciation was formerly very much more exten-

sive than at the present day. The old moraines between the Yaru

plain and the head-waters of the Lachen have already been referred

to. Further to the west, vast moraines extend from the northern

slopes of Chomoyumo and from the Naku La far into the Kampa plain,

whilst broad spreads of talus and moraine cover the northern slopes of

( )
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the Lhonak range for many miles beyond the snouts of the present

glaciers : these deposits have been deeply eroded by the existing

streams, which have cut out impassable gorges with vertical sides

often as much as 300 feet and more in depth.

Similarly from Pauhunri, Chomolhari and the Lingshi range, old

moraines spread out into the Tiina plain, and show that the

small glaciers on the northern sides of these mountains are but the

shrunken relics of what must once have been a great ice-sheet almost

completely covering the slopes of the culminating range o the

Himalaya and extending far into the neighbouring plains and valleys.

A good example of this can be seen in the upper valley of the Nyang

Chu at Mangtsa, where the bottom and sides of the valley, as well

as the plain to the south, are covered with a thick mantle of clay

and boulders deposited by the retreating glaciers. These deposits,

composed chiefly of granite and limestone brought from the Lingshi

range, have now been cut by the river into a series of terraces of which

as many as five or six can be seen on the right side of the valley,

5. Hot Springs.

The hot springs of the Lachung valley were described more than

half a century ago by Sir Joseph Hooker, who found them to have

temperatures varying from 110° to 116°. Very similar, but appa-

rently more extensive, springs occur some miles further to the east,

in the Khongbu valley at about one mile above the village of Yoja.

The water, which issues from joints in the granite, is distinctly

sulphurous and its tem.perature is probably about the same as that of

the Lachung springs. ^ There are altogether thirteen springs,

several of which are used as baths ; these are greatly frequented for

medicinal purposes by both Tibetans and Chinese, chiefly for the

cure of skin diseases and rheumatism, but each bath is supposed

to have properties not possessed by the others and to be specially

• Unfortunately my thermometer had been broken and I was unable to verify

this.

(
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adapted for the treatment of a specific disease or set of diseases,

the particular bath employed thus depending on the nature of the

malady to be treated.

Hot springs also occur at about five miles to the north-northeast

of Kampa dzong and at Khangma in the valley of the Nyang Chu.

The springs of Kampa dzong are considerably hotter than any

others known in this area: their temperature varies from 140° F. to

175° F. and was reported in one instance to have been as much as 186^.

They issue from the Jurassic beds in the valley of the Yaru river, and

like those of Lachung and Yoja have a strong sulphurous smell.

Extensive deposits of both calcareous and siliceous tufa sur-

round the springs and sometimes take the form of a series of small

terraces. Beautiful crystals of yellow calcite are also found in

cavities in the calcareous tufa.

The Khangma springs are situated on a broad river-terrace at

about I mile below the village of Khangma on the right bank of the

Nyang Chu. Large masses of travertine occur on both sides of the river

and prove that the springs must at one time have been very much

more extensive than they are at present. Very few of these springs are

now active, but the sites of many now extinct can be traced in the

little cones dotted about the surface of the ground. The cones of

some of those now active are as much as four or five feet in height,

the water bubbling up gently or lying quiescent in a small crater in

the apex of the cone. In some instances there is no overflow although

the water in the crater is warm. It is just possible that these

apparently quiescent springs may be miniature geysers, but I saw

no signs of periodic movement of the water during the short space

of time 1 was able to devote to their examination.

Both the Khangma springs and those of Kampa dzong rise along

lines of fracture of the rocks, the latter springs being situated on the

important dip-fault which cuts through the Cretaceous beds on the

ridge behind the fort, whilst the Jurassic beds at Khangma are

intensely folded and a fault can be seen in the hills on either side of

the river and passing through the site of the springs.
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CHAPTER II.

THE CRYSTALLINE ZONE.

It has already been pointed out that the whole area between the

southern boundary of Sikkim and Lhasa falls into two broad sub-divi-

sions, an older crystalline and metamorpbic, and a younger, sedi'

mentary zone.

The crystalline and metamorphic zone covers the greater part of

Sikkim and extends eastward through the Chumbi valley into Bhutan.

The rocks of this zone have been described by various authors, first

by Sir Joseph Hooker,* subsequently by Mr. Blanford,^ Mr. Mallet ' and

Mr.Bose,* and recently by Professor E. J. Garwood, whose paper, issued

as an appendix to Mr. D. W. Freshfield's " Round Kangchenjunga"

(1903), marks an important advance in our detailed knowledge of

the geology and physical features of upper Sikkim. Professor

Garwood has recognised the great difficulty involved in any attempt

to map separately the component elements of the crystalline complex

and has therefore merely indicated on the topographical map the

localities at which the more prominent lithological types occur, wisely

avoiding any attempt to indicate petrographical boundaries.

Professor Garwood has shown that the greater part of upper Sikkim

consists of gneiss and granite, of which all the higher peaks of this part

of the Himalaya are formed. The gneiss, which is described in detail,

is referred in great part to a foliated granite, a conclusion with which

my scanty observations made during a very rapid march along the

Lachen valley are entirely in accord. In addition to the gneiss,

metamorphic beds, some of which at least are of sedimentary origin,

are found along the valley of the Tista and Lachen rivers
;
they

' Himalayan Journals, II (1854).

i Joiirn. As. Soc. Beng., XL (1871), pt. II, 367—420 ; XLI (1872), pt. II,

30—71.
^ Mem. Geol. Surv. Ind., XI (1874), pt. i.

* Ree. Geol. Surv. Ind., XXIV (1891), 46, 217.

)
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consist chiefly of garnetiferous mica schist, which is frequently found in

contact with the gneiss and granite ; less common are scapolite-

granuliteSj crystalline limestone, quartzite and graphitic gneiss.

On the road from Gangtok to Tangu, crystalline limestone was

observed at three localities, viz.

:

—
(1) on the right bank of the Tista, at about i \ miles above the

Tung bridge, and thence at intervals up to Tsiintang
;

(2) on the left bank of the Lachen river, at about 3 miles

above Tsiintang

;

(3) on the left bank of the Lachen, near Pangri, half-way

between Lamteng and Tallum Samdong.

The first outcrop of limestone seen above Tung is a vertical bed

about 30 feet thick and consists of a whitish and pale-grey banded

rock which, if polished, should afford a handsome ornamental

stone.

The limestone above Tsiintang, and that near Pangri, is a white

crystalline rock composed of calcite and dolomite in approxi-

mately equal proportions, with various accessory minerals which

include scapolite, diopside, chondrodite, spinel, sphene and, in some

instances, quartz, felspar and actinolite. Near Tsiintang, the lime-

stone is associated with the quartzite recorded on Professor

Garwood's map, and with an interesting series of pyroxene-scapolite

granulites, and at Pangri it appears to be connected with a graphitic

biotile-garnet-sillimanite gneiss. With the exception of the quartzite.

none of these rocks are mentioned by Professor Garwood, but he

describes two interesting rocks, to which he ascribes a sedimentary

origin, from the western face of Pandim. One of these is composed

chiefly of garnet, epidote and hornblende, but contains also quartz,

scapolite, calcite and augite, and is thus probably genetically related

to the scapolite granulites of Tsiintang.

Owing to the highly complicated nature of the tectonic conditions

prevailing in this area and the density of the vegetation covering the

mountain sides, it was impossible to ascertain, during a rapid

traverse, the mutual relations of the several members of this crystalline

{ 139 )
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series, which so far as we know at present, has no counterpart

in the Himalaya,^ but has, on the other hand, many points of resem-

blance to the oldest member of the Archaean group in the Peninsula

and Burma. At the same time the similarity of the Daling series to

certain facies of the Dharwar system further emphasises the striking

analogy between the unfossiliferous rocks of Sikkim and the Archaean

group of the Peninsula.

In the Chumbi valley, as in Sikkim, the prevailing rock is foliated

biotite-granite, which forms the ranges on either side of the Ammo
Chu and runs on eastwards into Bhutan. Near the junction of the

Ammo and Khongbu rivers, it includes micaceous and quartzose

schists, possibly in part of sedimentary origin.

^

Higher up the valley at about a mile and a half below Gautang a

band of dark grey limestone crosses the road, striking approximately

east-west ; but the sedimentary rocks in this part of the valley are of

no great extent and soon give place again to granite which extends

to within a short distance of Dothak, where it is found in contact with

the stratified rocks of the Phari plain.

CHAPTER III.

PRE-JURASSIC SEDIMENTARIES.
A glance at the geological map will show that throughout Sikkim

the northern boundary of the crystalline zone adheres closely to the

northern slopes of the highest peaks, thus enclosing the Kinchinjunga

group, Chomoyumo, Kangchenjhao and Pauhunri, but to the east

of the last-named, it turns southward and runs below the Khongbu

valley and the Phari plain into Bhutan. To the north-east of Phari the

crystallines re-appear, forming the peak of Chomolhari,—which is

' Since the above was written pyroxenic gneisses exactly resembling those of

the Central Provinces have been found by my colleague, Mr. L. L. Fermor, near

the Pindari glacier in Kumaon.
2 The mica schists of the Chumbi valley are stated by Col. Waddell [" Lhasa

and its Mysteries "(1905), P- 492], to be merely micaceous varieties of the gneissose

granite ; much of the schist however is a garnet-sericite rock, such as is usually

regarded as the result of the metamorphism of an argillaceous rock of sedimentary
origin.

( )
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20 HAYDEN: GEOLOGY OF THE PROVINCES OF TSANG AND 0.

composed of biotite gneiss with intrusive bands of schorl granite—

and run thence through the mountain ranges to the north of Bhutan.

1, The Khongbu series.

The bay formed by this bend in the boundary of the crystalline

zone contains the only stratified rocks of pre -Jurassic age encountered

during the recent expedition. The oldest of these occur in the lower

part of the Khongbu valley, forming the high ridges on either side of

Talung and extending as far as the upper reaches of the Ammo Chu

On the north and south and probably on the west ^ they are in direct

contact with the granite, but on the east they abut against a younger

sedimentary series from which they are separated by an important fault

which can be traced from Dothak almost to the Tang La and has

determined the course of the upper part of the Ammo Chu. On the

west of this fault are the Khongbu beds, consisting of slate and

schist with flaggy calcareous bands, often crystalline. These rocks

are all apparently devoid of organic remains and quite distinct

from, and probably much older than, anything seen on the east of the

fault. They are less highly metamorphosed and less disturbed than

the paraschists and paragneisses of the crystalline zone, but very

decidedly more so than the neighbouring rocks of Dothak and the

Phari plain.

In the preliminary note published in the Records (XXXII, pt. 2),

the Khongbu beds were referred doubtfully to the Palaeozoic group,

but subsequent detailed consideration of their characters points rather

to a correlation with the unfossiliferous pre-Cambrian rocks of the

more westerly parts of the Himalaya.

2. The Dothak series.

To the east of the Dothak-Tang La fault, on the left bank of the

Ammo Chu, a distinctly younger series of sedimentary rocks extends

from the northern boundary of the Chumbi granite throughout the

' Their western boundary, which appears to be on the range separating the

Lachung and Khongbu valleys, could not be visited.
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ranges separating upper Chumbi and the Phari plain from Bhutan,

These rocks consist of limestone, sandstone, quartzite, slate and

shale ; limestone predominates, forming steep cliffs at Dothak and

throughout the neighbouring ridges. Except in the immediate

neighbourhood of the granite, where the rocks have been subjected to

contact-metamorphism, the whole series is one of unmistakeably

sedimentary origin ; the beds have a general northerly dip, thus pass-

ing beneath the Phari plain, and so underlying the Jurassic slates

which extend from near Kamparab to Phari dzong.

Unfortunately only the most cursory examination could be made

of this series, which appears to cover such a large area and to be at

the same time of great interest. Among the hills above Dothak at

about a mile to the east of the river a small stream has exposed a

section, perhaps 1,500 feet thick, of what appear to be the middle

beds of the series These consist of limestones below with

arenaceous and argillaceous beds above
;
they have all suffered con-

siderably from crushing, and any fossils that the rocks may have origin-

ally contained are now for the most part represented by fragments

of crystalline calcite. Near the top of the section, however, casts of

ammonites were found in a thin band of hard quartzite and a few

fragments of bivalve shells in an indurated slate ; these were all quite

undeterminable even generically, consequently the age of this part of

the series is unknown, and can only be conjectured from observa-

tions made on higher beds seen in a valley opening on to the Phari

plain at a short distance to the east of Agang, and which are

regarded as of liassic age (see p. 26).

Although it was not found possible to examine the hills between

the Dothak section and the valley east of Agang, yet from what

could be seen from the road at Kamparab, it appears safe to

conclude that there is a continuous series from the altered sedimen-

tary beds in contact with the Chumbi granite up to the supposed

liassic limestones. This series must therefore include at least part of

the Trias, and since its total thickness must be several thousand feet

it may extend even lower down in the stratigraphical scale, including
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not only the whole of the Trias but possibly one or more of the

Palaeozoic systems. It is very unfortunate that, owing to the condi-

tions prevailing at the time of my visit to this area, it was im-

possible to examine these beds in detail, but it is to be hoped that at

some future date they may be rendered accessible and an exhaustive

study may be made of this small patch of sedimentary rocks. The

importance of their bearing on Himalayan geology can hardly be

exaggerated, for at present they constitute the only outcrop of

undoubted pre-Jurassic sedimentary beds of Tibetan facies known

to occur between Byans and the Subansiri river to the north of

Assam.i

The total area covered by the Dothak series is very considerable,

and probably extends throughout the ranges lying between Dothak

and the Phari plain on the one side, and the valley of Punakha in

Bhutan on the other.

The only fossils noticed in the series were found in the section

near Dothak, already described, and on a lime-
Trias (?) near Phari. .

'
'

stone ridge on the south side of the Tremo La.

In the latter locality the fossils consisted of fragments of bivalves, but

none of those found in the course of a rapid examination of the beds

were determinable
;

since, however, out of three localities visited

under circumstances which precluded more than a very hurried

examination, two afforded fragmentary fossils from the Dothak series

and the third determinable brachiopods from the beds immediately

overlying that series, it is reasonable to suppose that a more careful

survey of the hills to the south of Phari would offer a fair prospect

of a successful determination of their stratigraphical position.

The gradual thinning out of the Trias from a total thickness of over

4,000 feet in Spiti on the west to 2,500 feet in Byans on the east is

one of the most interesting points recently established in Himalayan

' The presence of Permo-Carboniferous beds in the valley of the Subansiri

has been inferred from boulders of fossiliferous limestone found near the mouth

of that river by Mr, J. M. Maclaren (Rec. Geol. Surv. Ind., XXXI, p. 186;

XXXII, p. 190).
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geology, and it is greatly to be deplored that it is not possible

to extend observations eastwards through Nepal and Bhutan. Under

jjrcsent circumstances the value of the Dothak series is still further

enhanced, since it constitutes the only known outcrop of presumably

Triassic rocks throughout the whole extent of the eastern Himalaya.

Although the Dolhak series is the only one met with during the

recent expedition that can be safely asserted to include part at least of

the Triassic system, there is another area considerably further to the

west in which that system is probably represented. This is the snowy

range which runs from Chomoyumo westw'ards to the frontier of Nepal,

and which forms the northern boundary of the valley of Lhonak.'

Unfortunately this range could not be visited from Kampa dzongj but

an excursion along its northern slopes from the neighbourhood of the

Naku La to the village of Mong-go, indicated the possible value of a

careful examination of the range. The line followed lay across the

northern slopes which form a wide inclined plane of glacial debris, cut

into cafions, often several hundred feet deep, by the streams flowing

from the snow-fields to join the Yarn river: the beds of the streams are

full of rounded boulders of dark grey limestone, quite unlike any of

the Jurassic or younger rocks and curiously like the Upper Triassic

limestones of other parts of the Himalaya. No fossils were found in

the boulders of this limestone, and lithological resemblance in two

such widely separated areas as Spiti and Lhonak, especially in view of

the dissimilarity in the intermediate areas, is of no value as a means of

correlation.

To the north of the range are shales and limestones, the former of

lower Jurassic age, and as the limestones of the range appear to dip to

the north they are presumably the older, and it is therefore possible

that Triassic beds may occur among them.

This vieWj however, is not confirmed by the very interesting observa-

tions made in the Lhonak valley by Professor
Mesozoic beds in Lhonak.

Garwood, who found a series of altered lime-

stones and sandstones at the head of the Langpo Chu, to the south

' For convenience of reference this may be called the Lhonak ranoe.
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of the Chorten Nyima La. The only fossils obtained by Professor

Garwood were crinoid stems, which led him to identify these beds

with the Tso Lhamo limestone described by Hooker* ; but since

both of these occurrences have not as yet been visited by one and

the same observer, their identity cannot be considered as definitely

established, though undoubtedly probable. The Tso Lhamo limestone

again bears an equally strong resemblance to a similarly small outcrop

occurring among the Jurassic beds of the Phari plain near Agang ^
;

consequently, if all three are regarded as equivalent to one another

the Lhonak limestone must also be of Jurassic age. The only objec-

tion to this view is the appaxent position of that limestone with

regard to the lower Jurassic beds of the Yaru plain, but the moraines

on the northern slopes of the range may quite possibly hide one

or more faults, and it is only by a visit to the Lhonak valley that

the matter can be decided.

For the present, therefore, the age of the rocks forming the range

between Lhonak and Tibet must remain an open question, but in

spite of some apparent evidence to the contrary I am inclined to

think that it is in part Triassic.

CHAPTER IV.

THE JURASSIC SYSTEM.

By far the most striking feature of the geology of southern Tibet

is the enormous extent of the Jurassic system, which is exposed with

little interruption over an area of many thousand square miles extend-

ing from the northern flanks of the Himalaya to the Tsangpo

—

probably even to Nam Tso—and from the western boundaries of

the Yaru plain to beyond Yamdrok Tso : to the west it probably

• Himalayan Journals, II (1854), 177.

* For further particulars see below, p. 26.
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extends more or less continuously along the northern frontier of

Nepal to Ngari Khorsum, while on the east nothing is known of the

country beyond Yamdrok Tso, but it is not improbable that the

Jurassic beds will be found to extend to the N.-S. bend of the Tsangpo

or even beyond this to the flanks of the great meridional mountain

ranges of eastern Tibet.

The general lithological characters of the system are not unlike

those prevailing in other parts of the Himalaya, In both cases the

upper beds are wholly free from limestone, but whereas in the

western areas the lower and middle Jurassic rocks are entirely

calcareous, in the east they are only partially so, and even among

the lower beds sandstone and shale are the predominant types.

Except in the Phari plain, their southern boundary is formed by

the granite of the crystalline zone, but since the junction runs along

the slopes of the granite hills, it is usually obscured by talus or

moraines; near Gyaugang, however, and on the Kongra La the

slates appear to pass through schistose and gneissose rocks into the

foliated granite. Not only are the lower beds metamorphosed but

they are also considerably disturbed, and owing to the further

complications introduced by the numerous moraines, observations

along the northern frontier of Sikkim could be made only on

disconnected patches, which, however, when taken in conjunction

with other occurrences near Kampa dzong and in the Phari plain

can be correlated with sufficient approximation to certainty to furnish

a fairly complete s)'nthesis of a considerable part of the system.

The most convenient method of treating these isolated occur-

fences, will be to describe each in detail, and then attempt to

correlate them with one another.

For this purpose the most important localities are :

—

a. A gang in the Phari plain.

b. Tso Lhamo.

c. Kongra La.

d. Naku La to Kampa dzong.
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(a) Agang and the Phari plain.

This locality has already been referred to above (p. 21) in con-

nection with the Dothak series. At a short

llmes^iones.
distance to the east of Agang a small valley

opens on to the Phari plain ; on the right side

of the entrance an isolated outcrop of limestone occurs, underlain by

dark slates with some quartzite. At about a mile above the mouth of

the valley two streams join, the one coming from the north-east and

the other from the south-west ; on the right side of the latter is a

low ridge capped by thin-bedded limestone which contains a few

fossils ; these are unfortunately rather badly preserved, while the

matrix is so hard that it is very difficult to extract them. Only a

very cursory examination could be made of the outcrop, and conse-

quently very few specimens were collected ; these include a number of

small brachiopods, which appear to belong either to liassic or rhsetic

(Dachstein) species and comprise a Waldheimia either identical with,

or closely allied to, W. resupinata Sow., species of Rhynchonella,

Spirifcrina and Spirigera.

This limestone appears to pass down into the extensive series of

calcareous shale and limestone which forms the hills to the east of

Kamparab and Dothak (" Dothak series "
). Lower down the valley

on the left bank of the stream just mentioned several blocks of coral

limestone were found ; their relations to the brachiopod limestone could

not be definitely ascertained, but they appear to occur between it and

the overlying slates. The slates are exposed on the right side of the

valley
;
they are much disturbed and crushed, but yielded an impres-

sion of an ammonite and some small lamellibranchs.

At the mouth of the valley two small outcrops of limestone occur

in the slate. This dips at high angles to the north and, like the slate,

is greatly crushed, the fossils having been almost completely obli-

terated ; crinoid stems, however, are very numerous, but being

entirely changed into crystalline calcite, are not determinable. Here

the valley debouches onto the Phari plain and the section ends.
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As observed in this locality, then, the sequence is— in descending

order

—

4. Crinoid limestone.

"XuraSS^ 3- Slate and quartzite.

' I. Brachiopod limestone and upper beds of Dothak

series.

Nos. I and 2 are probably Jurassic (lias), while No. 3 is almost

certainly so.

Between this valley and the Tremo La, numerous similar valleys

open into the Phari plain ; the low hills on either side of these

appear to be invariably composed of slate or shale, which dips towards

the plain, the strike thus bending round from approximately

E.NE.-W.SW. on the south to nearly N.-S. on the eastern side

of the plain. Unfortunately none of these intermediate valleys could

be visited, but the sequence of beds in them is probably similar to that

just described.

The hillmass which stands out prominently in the middle of the

plain is composed of slate and quartzite and
Central hills of Pharl l a 11 -j r ^.l j-

pj^j^
IS cut on on all sides from the surrounding

rocks. Its western boundary is the important

Dothak-Tang La fault already mentioned {supra p, 20). On all

other sides a belt of recent deposits separates it from the neighbouring

spurs, but its component rocks can be unhesitatingly referred on

lithological grounds to the Jurassic system.

To the north-west of this hill, on the right bank of the river

limestones again appear, dipping: to the north-
Upper limestones.

110
west. They are separated from the Khongbu

series by the Dothak-Tang La fault but their relation to the beds

of the central hill is not apparent from their position and dip

they are probably younger, but the junction, which is obscured by the

recent deposits of the river valley may be a faulted one
;
they have,

however, been referred provisionally to the Jurassic system. Like

all the other sedimentary rocks of this neighbourhood they are

crushed and disturbed, no doubt owing to the proximity of the
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granite mass of Pauhunri which sends out off-shoots across the head

of the Khongbu valley to the edge of the Phari plain. They have

consequently yielded no determinable fossils, although they contain

numerous traces of bivalves and brachiopods. Boulders of a

similar limestone are found in the valleys to the west of Chugya,

among the moraines which form the lower hills extending to the Tang

La and Pauhunri. These boulders are frequently fossiliferous, but

no determinable specimens could be found in them.

The shaly beds on which Phari Fort stands and an outcrop of

^^imilar rock on the plain to the east of the Fort also probably belong

to the Jurassic system, while the range running from the Tremo La

to Chomolhari is probably composed in part of the same system, but

this has not been definitely ascertained.

The probable sequence in this area may therefore be summarised

as follows—in descending order

—

7. Slate and shale.

6. Upper limestone.

5. Slate and quartzite.

4. Crinoid limestone.

3. Slate and quartzite.

2. Coral limestone.

I. Brachiopod limestone.

Dothak series.

(b) Tso Lhamo.

This exposure of shale and limestone seen on the east side of

Tso Lhamo, at the foot of the Drongkhya La, has already been

described by Sir Joseph Hooker, who referred it with some hesitation

to the Tertiary system, on account of the presence in the limestone of

small bodies resembling nummulitesi; Sir Joseph Hooker, however,

draws attention to the bad state of preservation of the specimens

and leaves their identity open to doubt.

^Himalayan Journals, \\ (1854), 177.

( )



THE JURASSIC SYSTEM. 29

This small patch of rock is quite isolated and crops out from

among masses of talus and old moraine material. The nearest rocks

found in situ are the altered beds of the DrongkhyaLa and a series of

more or less altered slates, shale and quartzite forming a small group

of hills on the opposite side of the lake and belonging to the

series of Jurassic beds which extend from the Kongra La to Kampa

dzong. The outcrop consists of black shale overlain by beds of

shale and flaggy sandstone, followed by the supposed "nummulitic"

limestone which is in turn overlain by hard dark limestone with

crinoid stems ; these have been altered into white crystalline calcite

and consequently show no structural details. All the beds dip at

moderately high angles to the north (see PI. 3, fig. i).

No similar rocks have been observed anywhere in the neighbour-

hood, but in the range of hills on which Kampa dzong stands a

bed occurs high up in the Cretaceous system, which, in macroscopic

characters, is apparently identical with the " nummulitic " limestone

of Tso Lhamo ; so great is the similarity of the two that the Tso

Lhamo rock was unhesitatingly referred by me to the Cretaceous

system, in spite of its anomalous position, many miles from other

Cretaceous rocks and apparently among the lower beds of the

Jurassic system. The Cretaceous rock referred to also resembles

nummulitic limestone, but is in reality composed of Orbitoides sp.

which occur as dark circular and ovoid patches in a bluish grey

matrix. In the field therefore the Tso Lhamo rock was referred to

the Orbitoides limestone, and it was only by means of the microscope

that its true character was discerned. Instead of the beautiful

structure shown by the foraminifera of the Cretaceous rock, the

ovoid patches of the Tso Lhamo limestone proved to be chiefly oolitic

grains and showed no trace of foraminifera. No grounds therefore

exist for referring this rock either to the Cretaceous or Tertiary

system, and since the only beds exposed anywhere near it are

Jurassic slates it seems more natural to refer it to that system, and to

correlate the crinoid limestone of Tso Lhamo with that of Agang

in the Phari plain. In addition to the crinoid stems a few very
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small and fragmentary fossils were observed in the rock : these are

apparently laniellibranchs (of which one may belong to the genus

Trigonia) and Bryozoa.

If we turn now to the crinoid limestone of the Lhonak valley, we

find that although macroscopically it may re-
Relation to Lhonak i_i ^ c t t i , •,

limestones
semble that oi IsoLhamo, yet its microscopic

characters^ as described by Professor Garwood,^

are quite distinct. Stratigraphically it would also appear to occur

at a considerable distance below the Jurassic beds of the Yaru

plain.* Owing, however, to our ignorance of the conditions prevailing

under the moraines to the north of the Lhonak range, no great

weight can be attached to this consideration, and if Professor

Garwood is correct in identifying his crinoid limestone with that of

Tso Lhamo, the probabilities seem in favour of its being Jurassic

rather than Palaeozoic as suggested by him.^

(c) Kongra La.

Where the Lachen river, rising from the Drongkhya peaks, skirts

the northern flanks of Kangchenjhao, it flows
Jurassic rocks at

approximately E.-W. through a broad and open
Gyamtsonang. rr ^ & r

valley : to the south are moraines from the

granite peaks, but to the north is a comparatively low range of hills

extending from the northern slopes of Chomoyumo to Pauhunri : over

these run the passes—Kongra and Sibu on the west and Bam Tso

on the east—which lead from the valley of the Lachen into Tibet
;
they

have already been mentioned by Hooker * as consisting of red and

1 op. cit. p. 288.

* See supra p. 24.

' op. cit. p. 293.

^ It is evident from Sir Joseph Hooker's description of what he calls the

Kongralama pass and from the omission of nny reference to Gyamtsonang, the

lake at the foot of the true Kongra La, that he was misled by the Tibetans into

believing that Gyaugang, which is in reality some miles lower down the valley, was

the Kongra La. Htm. Journ,, II, 154, 155.

( 15' )



THE JURASSIC SYSTEM. 31

black slates, sandstones and conglomerates, dipping to the north :

these have been more or less altered by the neighbouring granite, and

are for the most part unfossiliferous. The only fossils met with

occurred in a loose block of quartzite, found lying near the road a few

hundred yards to the north of Gyamtsonang : this block must have

been derived from one of the eastern spurs of Chomoyumoand consists

of hard quartzite with crinoid stems and remains of brachiopods : the

fossils, which are partly composed of soft limonitic material, are

poorly preserved and are indeed merely casts. They include a species

of Rhynchonella, resembling Rh. qiiadriplicata Zieten.

From Gyamtsonang the road gradually ascends on to a mass of

blocks of granite and quartzite, which have been brought down from

Chomoyumo and its north-eastern spurs : thence a short ascent to the

Kongra La brings into view the rolling hills of the Yarn plain bounded

on the far north by black jagged ridges of slate and snow-capped

granite peaks which form the watershed between the Yarn river and

the northward-flowing tributaries of the Nyang Chu and the Tsangpo.

From the Kongra La the road crosses a flat ridge for some two

miles, then descends from the Sibu La to Giri.

La^and Qiri

'^""^''a
^^^^ ^j^^ prevailing rock is slate talus from the

northern flanks of Chomoyumo, but near the Sibu

La the hills are formed of old moraines of granite and quartzite, relics

of a time when the drainage from the granite zone flowed northwards

to the Yaru. Below the Sibu La, far to the east and west, are undulat-

ing hills of shale, thrown into gentle folds, with here and there an

isolated mass of limestone
; but most conspicuous of all is the

southern scarp of the Kampa ridge, a synclinal of hard Cretaceous

and Tertiary beds standing prominently out above the soft and easily

weathered Jurassic shales.

From the Lachen valley then the sequence is as follows : below

are the conglomerates, quartzites and slates of the Chomoyumo spurs

and the Kongra La: these dip to the north and eventually disappear

under the moraines of the Sibu La. East of the descent from the

Sibu La to Giri, a small group of hills is composed of dark shales,

( )
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with many bands of concretions, eminently suited for the preserva-

tion of fossils, which, however, only appear in the highest beds, the

eastern representatives of the Spiti shales ; these contain fragmentary

ammonites, similar to those collected by Mr. Claude White in the hills

between Giri and Kampa dzong. Above the Spiti shales on the left

bank of the Giri river is a contorted series of limestone which

presumably belongs to the Cretaceous system. Immediately to the

north of this the valley of the Giri river marks an important line of

faulting running E.-W., which brings up on the north side of the river.

Jurassic quartzites and slates overlain by Spiti shales, which continue

northward almost to the Kampa ridge (see PI. 8, fig. i). The

above sequence may be tabulated as follows in descending order:

Limestone (? Neocomian.)

4. Dark shales with ammonites (Spiti shales.)

3. „ „ without fossils.

2. ? ? (hidden by moraines).

r. Slate, quartzite and conglomerate with RJiynchonella of. quadriplicata

Ziet. and crinoids.

(d) Naku La to Kampa dzong.

Turning now from the eastern to the western side of Chomoyumo,

we find that a high snow-clad range trending first to the south-

west then to the west separates;Sikkim from Tibet; this has already

been referred to as the Lhonak range. Immediately to the west

of Chomoyumo this range is crossed by the Naku La. To the north

of the pass the rocks are hidden by talus and moraines, composed

of granite blocks derived from the central mass of Chomoyumo ; near

the foot of the slope which is several miles in length, a ridge of slate

and quartzite stands out prominently above the plain ; the beds of

this ridge appear to be the westerly continuation of the slates and

quartzites which form the northern spurs of Chomoyumo. To the

north they are overlain by somewhat less altered slate with quartzite

and a narrow band of limestone gradually passing up into upper

Jurassic rocks and Spiti shales, which extend almost to Kampa dzong.

( 153 )
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Among these beds the limestone is by far the most important ; it is

found on the left bank of a small stream at an old ruin known as

Mekyigiinru, near Lungma "droksa,"^ eight miles to the south of

Kampa dzong (PI. g, fig, 2).

The total thickness of the band is only about 50 feet, but the

rock is hiuhly fossiliferous, and, considering its
Lungma limestone.

. . .

proximity to the granite of Chomoyumo, the

fossils are wonderfully well preserved. They include lamellibranchs,

brachiopods, cephalopods and gastropods, and are of great interest

and value as furnishing a definite horizon in the Jurassic system.

They have not yet been worked out in detail, but the following list

includes the leading genera and a few characteristic species

:

Cephalopoda.

Harpoceras [Dorsetensia) cf. complanatum Buckman.

„ several other species.

Stepheoceras cf. humphresianum Sow.

Nautilus sp.

Belemnites sp.

Brachiopoda.

Rhynchonella quadriplicata Ziet.

„ variabilis Schloth.

„ other species.

Terebratula cf. ventricosa Ziet.

Lamellibranchiata.

Trigonia costata Park.

„ sp.

Pecten sp.

Pholodomya sp.

? Lima peciiniformis Schloth.

Ostrea sp.

Pleuromya {Myacites) cf. adjectus Phil).

' " Droksa " = summer grazing-groupd.

' These will probably be found to include other genera, such as Sonninta

Buckman,
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The lower beds are characterised by the presence of large numbers

of lamellibranchs, of which Trigonia costata is especially noticeable,

occurring in great quantity in an arenaceous band about 20 feet

above the base of the limestone.

Brachiopods are apparently absent from the lowest beds and are

especially characteristic of the middle of the series, while the cephalo-

pods (ammonites, nautili and belemnites) were found only in the

highest beds.

Although it has so far been possible to determine only a few

of the Lungma fossils, there is little doubt that they should

be referred to the Inferior Oolite of Europe. Unfortunately this

fossiliferous series has not been definitely recognised in any

other locality, although the E.-W. strike would lead one to expect to

find it elsewhere along the southern edge of the Yarn plain, but, owing

partly to faults and partly to extensive talus fans and moraines, no

other outcrops were found in the area examined : probably, however,

it reappears in the hills to the west of the Yaru plain which form the

boundary between Tibet and Nepal, and which, owing to political

considerations, were not accessible.

The lower slates exposed on the ridge^ at the foot of the ascent to

the Naku La contain a few traces of fossils, including a small

Pecten sp.

The slates and shales which overlie the limestone also contain

traces of fossils, but nothing determinable was found in the beds

between the Lungma section and the Spiti shales near Kampa

dzong. Even in the latter the fossils are scarce and very badly pre-

served and not comparable to those found in the more westerly sections

of Garhwal and Spiti.

With the exception of the Cretaceous series of the Kampa ridge no

system other than the Jurassic is represented in any part of the Yaru

plain visited : and, as elsewhere in Southern Tibet, the great extent

of this system is most remarkable.

'The pass crossing this ridge is Itnown as the Sokar La.
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Synthesis of Jurassic system.

Before passing on to the rest of the area traversed during the

recent expedition, it will be advisable to summarise the results of the

examination of the exposures described above and, so far as possible,

piece together the disjointed parts into one consecutive whole : this

is rendered particularly difficult by the isolated character of the

exposures, which can so rarely be traced from one locality to another,

partly on account of faulting, which, in spite of the gentle dip of many

of the beds of the Yaru plain, is nevertheless very considerable in

places, as along the Giri river and again in the hills behind Kampa
dzong

;
partly also owing to the extensive moraines and talus slopes

which, except near Lungma, obscure all the older beds. Fortunately

the section from the slates below the Lungma limestone is fairly

continuous up to the Spiti shales, and we have thus two known

horizons on which to base a synthesis of a considerable part of the

system : but between the limestone with Trigonia costata and the

Spiti shales no determinable fossils have been found, and we are thus

compelled to group the intervening beds into a single series

presumably comprising all the intermediate stages, that is to say

the remainder of the middle, and all except the uppermost, Jurassic.

With the lower beds it is more difficult to deal : those underlying

the Lungma limestone are probably continuous with the slates and

quartzites of the Kongra La, while the Tso Lhamo limestone is

almost certainly older than these.

The Jurassic series of the Lachen-Kampa dzong area n ay there-

fore be tentatively classified as follows :

—

Spiti shales ....
Black and grey shale and quartzite

Lungma limestone .

Slate, quartzite and conglomerate .

Tso Lhamo limestone .

O 2

. Upper Jurassic.

C Partly upper i

. < { Jurassic.

(, „ middle )

. Middle Jurassic.

*

j Lias.

( )
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Although, with the meagre data available, any attempt to corre-

late the Jurassic system of the Phari area with that of Kampadzong

is perhaps of doubtful utility, yet it is advisable to draw attention

to the mutual resemblance of parts of the two series : thus crinoid

limestones occur in both areas and are in each case probably overlain

by slates and quartzites, which, in one area certainly and in the other

very probably, are succeeded by fossiliferous limestones overlain by

shale. If the two series are placed side by side, their mutual resem-

blance becomes apparent

:

Kampa dzong. Phari.

Spiti shales . . . . . ? ?

Shale and quartzite.... Shale and quartzite.

Lungma limestone .... Upper limestone.

Slate, quartzite and conglomerate . Slate and quartzite.

Crinoid limestone .... Crinoid limestone.

Slaie and quartzite.

Brachiopod limestone.

Combination of the two series gives the following sequence:

Upper and partly r Spiti shales.

middle Jurassic. X Shale and quartzite.

inferior Oolite . Lungma limestone.

r Slate, quartzite and conglomerate.

! Crinoid limestone.
I las . •

Slate and quartzite.

Brachiopod limestone.

This, however, is based on such imperfect data that it can be re-

garded merely as a suggestion for a temporary working hypothesis.

CHAPTER V.

THE JURASSIC SYSTEM [continued).

(e) Between Tuna and Karo La.

In spite of the great extent of the Jurassic system between the

Himalaya and Lhasa, very little information beyond that gathered in

the Kampa dzong and Phari areas was obtained during the rnarch

( )
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from Tiina to Lhasa. The whole of the intervening area appears to

be covered by slate, quartzite (rarely shale and sandstone) and

limestone, thrown into an endless succession of complicated folds

and pierced by dykes of basic igneous rock and intrusive masses

of granite. The consequent destruction of most of the fossils

adds to the difficulty of classifying the series, but on account of ti e

persistence ol the iithological types and the occasional presence of

Jurassic fossils, the whole series is referred to that system.

The localities at which fossils were found are

—

1. 2^ miles north of Dochen.

2. Tsalu.

3. Hills east of Mangtsa.

4. Khangnia.

5. Hill east of Gyantse.

6. Gorchi and Salagang.

1. The first of these localities is at the top of a pass leading from

Dochen to grazing-grounds between that village
Dochen.

and Kala Tso. The fossils occur m a narrow

calcareous band in dark shales and consist of Gryphasa sp. very badly

preserved.

2. An impression of an ammonite was found in the shale at

Tsalu by Mr. L. Truninger, CLE., but was not
Tsalu. .-^

,

^

determmable.

3. On the hills to the east of Mangtsa, a few poorly preserved

brachiopods were collected from shaly beds by
Mangtsa.

Captain H. M. Cowie, R.E They include

species of Spirijerina sp. and the impressions of a brachiopod

externally resembling the liassic species Terebratula [Megerlea)

Perrieri Desl.

4. On the left bank of the river opposite the village of Khangma

there is a cliff section of intensely folded shale

Khangma.
limestone. At some little distance from the

river bank the base of the section is formed by a white crinoid

limestone, composed almost entirely of stems of crinoids : above this
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are dark calcareous shales also containing crinoids^ : near the top

of the shale a few imiDressions of ammonites were noticed. The

shale is overlain by massive limestone, apparently unfossiliferous.

None of the above fossils are determinable, and their horizon is

consequently unknown; the crinoid limestone is very like that at

Agang in the Phari plain {supra p. 26) and probably represents the

same horizon.

5. Between Khangma and Gyantse the sedimentary rocks are

disturbed and altered by the intrusive granite
Gyaotse.

of Dzamtrang (more familiarly known to mem-

bers of the late expedition as " Red Idol gorge and by many

dykes of diabase. The latter are particularly numerous in the imme-

diate neighbourhood of Gyantse, whilst a thin bed of amygdaloidal

trap was also found interbedded with the slate in the hills to the

NE. of the town. The shaly and calcareous beds have thus been

altered into phyllite and calc-schist. This metamorphism has been

accompanied by intense folding (see PI. 1 1, fig. i), and the absence of

determinable fossils is only what might be expected. Among the

hills to the east of Gyantse, metamorphism is less marked, and some

imperfect fossils were found near the top of the 15,480 feet peak at

about 6 miles to E.-SE. of Gyantse, in comparatively unaltered

beds of shale and sandstone, which are separated by a fault from

the calc-schists of the plain. The fossils include a fragment of a

large specimen of Perisphinctes sp. and some badly preserved

brachiopods and lamellibranchs. " Fucoid" remains were also found

on th(; high ridge to the N.-NE. of the town.

Fiom Gyantse on towards Shigatse the Jurassic slates and

quartjites extend up to and beyond Penang dzong : they are full of

basic intrusions, including diabase at Drongtse and serpentine at

Nupuchondzo, a small village on the left bank of the river, about 8

miles above Penang dzong.

M am indebted to Captain R. Lloyd, I. M.S., for drawing my attention to

the fossils in the shale.

( '59 )
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6. The hills between Gyantse and the Karo La appear to be

composed entirely of Jurassic rocks, chiefly dark
Gorchl and Salagang.

shale with some limestone, striking E.-W. and

dipping mainly to the north. The shales are often concretionary and

comparatively little affected by the regional metamorphism so conspi-

cuous in the neighbourhood of Gyantse, and even the occasional

intrusive masses of diabase show no far-reachinij contact effects, the

zones of alteration being confined to the immediate neighbourhood

of the igneous rock. It is quite probable therefore that, under condi-

tions more favourable to geological work, several fossiiiferous locali-

ties might be found among fhe hills between the Ralung Chu and

the Yung La.

In the valley of the Ralung Chu fossils occur in the shales

between the villages oi Gupshi and Lungma.* They are especially

numerous at Gorchi where large numbers of belemnites were collected

from a band of soft shales. A few miles higher up the valley belemnites

and brachiopods {Rhynchontlla sp.) were found in the shale at'

Salagang, and it is probable that the hills on either side of the Nyiru

Chu between Gupshi and Khangma would also prove fossiiiferous

for the rocks here appear to be less altered than their more westerly

representatives in the upper reaches of the Nyang Chu.

(
f
) Between Karo La and Nam Tso.

In the neighbourhood of the Karo La metamorphism is again

prevalent and the rocks at the mouth of the gorge leading up to the

pass are schistose limestones (calc-schistsj overlain by slates, which

latter form the snowy peak of Nojinkangsang—the most conspi-

cuous land-mark between Bhutan and Lhasa—and the greater part of

the neighbouring ranges. The metamorphic character of these rocks

is due chiefly to the presence of intrusive granite, which occurs in

the hills to the north of Nojinkangsang, and which, though not

seen in situ, is represented by numerous boulders in the valleys to.

the east of the Karo La.

' Not to be confused with the grazing-ground of the same name near Kampa
dzong.
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Thence on to Nangkartse, throughout the hills surrounding

Yamdrok Tso, and again along the valleys of the Brahmaputra and the

Kyi Chu, metamorphism is practically universal, due first to the many

diabase intrusions around the shores of the lake and subsequently

further north, to granite.

In the immediate neighbourhood of Lhasa granite is the prevailing

rock and the local sedimentary beds are highly metamorphosed

but Jurassic rocks still predominate in the surrounding hills and

appear to continue far to the north towards Nam Tso. From the

summit of the Pempogo La can be seen an endless succession of

shale and quartzite, striking E.-W. and extending across the Pempo

valley into the ranges to the south of Nam Tso. The apparent

regularity of the bedding points to comparative absence of disturbance

among the rocks of these ranges and since Cretaceous fossils

[Oniphalia trotteri Fstm.) were found by Pandit Nain Singh in the

neighbourhood of the lake,' it is probable that an expedition across this

belt of country would be productive of valuable stratigraphical results,

CHAPTER VL

THE KAMPA SYSTEM (CRETACEOUS AND TERTIARY).

A more striking contrast than that between the Jurassic and

overlying systems of southern Tibet it is difficult to conceive. The

former is of enormous extent, is composed chiefly of arenaceous and

argillaceous beds and is, with one rare exception, sparsely fossiliferous,

while the latter is of very small extent, consists chiefly of calcareous

rocks and contains a large and varied, if not well-preserved, fauna.

These younger beds are especially well exposed in the neighbour-

hood of Kampa dzong, where they form the conspicuous range of

hills standing out in the middle of the plain fsee p. 31) ;
they may

therefore be appropriately named the Kampa system. Although the

' Rec. Geol. Siirv. Ind., X, p. 21.

( 161
)



THE KAMPA SYSTEM. 41

superficial extent of this series is small, it is probably less so than

would be supposed from the map, for it is quite possible that it may

occur among the hills between the Nyang Chu and the Yaru plain,

and where the local rocks are highly metamorphosed, as in the

country around Gyantse, some of the calc-schists mapped as Jurassic

may include in-folded patches of Cretaceous beds.

The chief exposures of the Kampa system are found along a band

running from Kampa dzong to Tiina and forming
Giri limestone.

a series of more or less faulted folds trend-

ing approximately E.-W. The oldest member appears to be a band

of hard thin-bedded limestone which dips to the north and forms a

small ridge at about 7 miles to the E.S.E. of Kampa dzong and a

short distance from the southern flanks of the Kampa-Tatsang range.

No fossils were found in the limestone, which, however, immediately

overlies the Spiti shales and is therefore probably of lower Cretaceous

age. A similar series of limestones is seen again on the banks of

the Giri river about 3 miles above Giri, faulted under the Spiti

shales and dipping at high angles to the south (PI. 8, fig. i).-' On

the right (north) bank of the stream it is faulted against the

Jurassic shales and sandstones.

The overlying beds consist of a series of brown shaly limestone

with brown and black needle shales. Through
Kampa shales.

the shales are narrow bands of concretions of very

hard splintery limestone, which, between the village and the monastery

at Kampa dzong contain cephalopods of the general type of Acanthc-

ceras rhotomagense Defr. and appear to include

A, Newboldi Kossmat,

A. Hunteri Kossmat, and

A. laticlavium Sharpe

;

in addition to these they contain specimens of Turrilites, including

T. costatus Lmck. and

T. cf. circumtgsniatiLS Kossmat.

' For convcTiience of reference this band may be termed the " Girl limestone."
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The same beds are found again with fossils at about 5 miles to the

E. by S. of Kampa dzong along the southern slopes of the ridge

running from Kampa to Tatsang. The fossils are not well preserved

being frequently replaced to a large extent by crystalline silica,

usually in the form of bi-pyramidal crystals of colourless or of

yellow quartz. The ammonites are consequently fragmentary, but

sufficient material was obtainable to establish the age of the beds as

cenomanian.

The next overlying series is a band of pale grey shale about 250

feet thick. The outcrops of this horizon consti-
Hemlaster shales.

tute one of the most conspicuous features of

the Kampa-Tatsang range and can be seen, as a series of pale grey

patches, from almost any point on the water-shed between Sikkim

and the Kampa plain. Fossils are rare, but a few echinoids and

lamellibranchs were found near the base of the shales on the flanks

of the Kampa range, at about 7 miles E.S.E. of Kampa dzong. The

echinoids are in a very perfect state of preservation and are closely

allied to, if not identical with, Hemiaster grossouvrei Gauthier and

H, cenomanensis Cotteau. The lamellibranchs occur chiefly in two

narrow calcareous bands composed almost entirely of specimens of

a small species of Gryphasa. The only other fossil found in any

quantity in this bed, which may be named the " Hemiaster shales," is

Inoceramus sp. of which several fragments were obtained in the

neighbourhood of the Gryphsea bands.

The same shales are seen also on the western flanks of the Kampa

ridge between Kampa dzong and Utsi, where they contain a narrow

calcareous band in which are numerous badly preserved specimens

of Lithodomus sp.

The remainder of the Cretaceous system consists chiefly of lime-

stone which forms the greater part of the range
Scarp limestone.

running from Kampa dzong to Tatsang and the

hills to the north and north-west of Tiina. The southern edge of the

outcrop forms everywhere a well-marked scarp, in which, as a
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rule, three prominent bands are noticeable, separated from one another

by softer shaly beds.

The most complete sections are found in the Kampa-Tatsang

range, and extend from the Hemiaster shales to the highest beds of

the Cretaceous system. One of the best of these is seen at the locality

already mentioned, about 7 miles to the east of Kampa dzong, where

most of the fossils found in the shales were obtained (see PI, 9, fig. i).

Above the shales is a cliff of hard splintery limestone, about 150 feet

high, overlain by dark shale with some thin bands of limestone, above

this shale is a second limestone cliff of about the same heiarht as the

first, and above this again are gentler slopes of thin flaggy and shaly

limestone sloping up to the low cliffs which form the top of the scarp;

these are overlain by more shaly and flaggy limestone, lying behind

the edge of the scarp and dipping under a bed of gritty, ferruginous

sandstone.

A diagrammatic section is shown on PI. 2. The first or lowest

limestone is a dark splintery rock with no deter-
First scarp limestone.

minable fossils. The overlying shales, with

thin bands of limestone, are also practically unfossiliferous, having

yielded only a few fragments of lameUibranch shells, including a

small specimen of Gryphsea sp.

Above the shale fossils begin to appear, and at a few feet above the

e . ,, ,
base of the second limestone the rocks contain

Second scarp limestone.

numbers of small specimens of Orbitoides sp. :

these gradually become more and more numerous, and up to the base

of the ferruginous sandstone the presence of foraminifera of this type
is an almost constant feature of the limestone bands. With them is

associated a large variety of fossils, including chiefly Rudistos,

echinoids and lamellibranchs.

The Rudistx first make their appearance in the upper part of the

second limestone, and this, as well as the overlying shaly limestone, is

characterised by the presence of Radiolites sp. ; with these are many
echmoids, as a rule represented only by internal casts and consequently
quite undeterminable.
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The third and uppermost division of the scarp limestone is rather

less massive than the others, being sub-divided
Third scarp limestone.

• n • • •

by thin flaggy layers ; it passes up into a series

of thin-bedded limestone, at times highly arenaceous, with occasional

sandstone bands. The sequence from the base of the third limestone

up to the overlying ferruginous sandstone has been examined at

various localities ; a good section is seen above the right bank

of the Kampa stream immediately behind the fort ; others are found

along the Kampa-Tatsang ridge which is capped, throughout almost

its whole extent, by the ferruginous sandstone. The same series

was examined again at Tiina, where it forms the lower third of the

ridge behind (to the north of) the village, and is further seen on

the southern slopes towards the eastern end of the same ridge ; to

facilitate reference these beds may be termed the Tiina limestone.

The last-named localities have furnished the following sequence (in

descending order) :

—

Ferruginous sandstone

;Grey limestone, with echinoids and brachiopods . . 5^ f^^t.

Sandstone . . . . . . . • 3° „

Lithotliamnion limestone . -\ with Cyclolites regularis

Red arenaceous limestone . > Leym., Hemtpneustes

I

Grey limestone . . J sp. and Plicatula sp. . 20 „

Thin-bedded limestone, with Vola sp. and echinoids

{Holectypus sp.) 4° »

Massive limestone with Radiolites below, Actaonella

and CryphcBa (?) above ^

The lowest bed is the third scarp limestone which here, as else-

where, is characterised by the presence of Radiolites sp.

Towards the upper boundary of this limestone, the Rudistce dis-

appear and are replaced by one or more species

Horizon of Adoionella
Act<£onella, the spiral (transverse) sections of

sp.

which are very conspicuous and form a charac-

teristic and easily recognised horizon both at Tuna and around Kampa

dzong (see PI. 13, fig. i). It is almost impossible to extract specimens

from the matrix and consequently the species could not be satisfac-

torily determined but is probably allied to A. crassa d'Orb.

( »65 )
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Above the Actasonella horizon, the limestone contains equally con-

spicuous remains of a large Gryphoea or Ostrea,

v^^lu^arfs}'^^'^^^''^
probably G. vcskuiaris Lmk.

;
with this are

associated Orbitoides in gradually increasing

numbers, and the overlying beds are composed almost entirely of

these foraminifera. Echinoids also occur throughout this limestone,

but are, as a rule, too badly preserved for determination.

The third massive limestone is overlain by a series of soft, thin-

bedded limestones, containing echinoids and
Horizon of Vola qua-

lamellibranchs, the latter represented chiefly by
drtcostata. ' r J j

Vola quadricostata Sow. The echinoids are

usually casts, composed of white crystalline calcite with little or no

trace of test
;
they appear, however, to include the genera Holectypus,

Echinanthus and Pyrina.

Above this is a band of brown limestone, containing fragments of

small brachiopods and large numbers of forami-

Horizon of OrWolites
.jgj.^ chiefly Orbitoides sp. and Orbitolites

macropora. ' ' '

macropora Defr.

This is overlain by a series having very well-marked characters

and readily recognised in all sections. It con-
Umtsioat -viVi Hemi-

i i- ^ r ^

pnetistes, Plicatula and sists of thm-bedded limestone, first grey then
Lithothamnion.

reddish and arenaceous, passing up into a thin

band—only a few inches in thickness—of limestone containing immense

numbers of calcareous algae. Certain bands of the rock are composed

almost entirely of large spheroidal nullipores, apparently belonging to

the genus Lithothamnion (see PI. 13, fig. 2) ;
the other fossils include

echinoids, lamellibranchs, corals and bryozoa, of which the following

forms have been recogn\scdi—Hemipneustes sp., Plicatula sp.,^

Cyclolites regularis Leym., Caprina sp.

' This fossil was, in the preliminary note published m Records, G. S. I.,

XXXII, pt. 2. referred to as Hintiites (?) foliaceus Noetl. Subsequent examina-

tion of a larger number of specimens shows that it should probably be referred to

the genus Plicatula ; more than one species appear to be present, one of which is

probably identical with Noetling's Hinnites foliaceus from the maestrichtien of

Paluchistan ; another may be PL hirsuta Coquand.
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In addition to these a species of Lithodomus, apparently identical

with L. {Modiola) deshayesii Dixon, from the calcaire grossier of

the Paris basin, occurs in considerable quantity in the Lithothamnion

limestone. The species of Plicatiila occur in the reddish arenaceous

limestone and Cyclolites regularis together with Caprina sp. and

other lamellibranchs in the overlying band. The former genus was

found wherever a section of the uppermost Cretaceous rocks was

examined ; it is particularly common in the locality, shown on PI. g,

which lies at about seven miles to E.S.E. of Kampa dzong.

The overlying sandstone and grey limestone, which intervene

between the coral limestone and ferruginous sandstone are poor

in fossils; the few which were found in the grey limestone consist of

echinoids and traces of brachiopods, none of which were even

generically determinable.

The whole of the above series from the Hemiaster shales to

the ferruginous sandstone is seen throughout the Kampa-Tatsang

ridge and again in the hills to the W.N.W. of Tuna, but at the

latter village only the uppermost beds are exposed. In the imme-

diate neighbourhood of Kampa dzong the beds overlying the

third limestone are frequently hidden by talus derived from the

ferruginous sandstone, and they were examined in greater detail at

Tiina, where, however, the fossils are unfortunately in a very poor state

of preservation.

To the north and north-west of Tuna, Cretaceous and Tertiary

beds extend for probably ten or twelve miles, but unfortunately

no detailed examination could be made of that area. A reconnais-

sance to the valley of the Guru river, at some miles above Guru,

showed, however, that good sections were to be found in the hills to

the west of that village. In the range to the south of the river the

limestones with Rudistse are well exposed and contain many fossils,

while the higher peaks to the north of the river appeared to afford

sections of both the Cretaceous and Tertiary systems, of which the

latter may very possibly include beds younger than any found either

at Tiina or at Kampa dzong.
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Although the upper and lower limits of the Cretaceous system

of Central Tibet can be approximately determined, it is at

present impossible, owing to the absence of fossils from the beds

both at the top and at the base, to define its exact boundaries. Nor

is it possible to attempt to identify the sub-divisional units recognised

in the Cretaceous of Europe. When the specimens collected at Kampa

dzong and at Tiina have been worked out in detail, many of the

European zones will no doubt be recognised, but it is not likely that

the clearly defined stages of Europe will be represented by equally well-

marked sub-divisions in Tibet, for, as in the Triassic sequence of the

Himalaya, hard lines of division between two consecutive stages in all

probability do not exist and the exact beginning or end of any parti'^

cular stage cannot be determined.

The oldest Cretaceous fossils found either at Kampa dzong or at

Tuna are those occurring in the brown shales with

mlLT^enoSar"' calcareous concretions (Kampa shales) and

consist, as stated above, of ammonites of the

group of Acanthoceras rhotomagense Defr. with Turrilites costatus

Lmk. These are found in the cenomanian stage in Europe, hence the

whole of the lower Cretaceous (neocomian to aptian) as well as the

albian stage of the upper Cretaceous must be represented by the beds

lying between the Spiti shales and the rhotomagense horizon. These

include the dark limestones seen on the bank of the Giri Chu and again

at about seven miles to E.S.E. of Kampa dzong, with the overlying

brown shales and shaly limestone.

The next fossiliferous horizon is that near the base of the grey

shales, with Hemiaster Grossouvrei Gauthier,

cenomadlm. Grypkxa s^. and /nocera?nus sp., which is also

presumably of cenomanian age.

From the beds between this horizon and the second scarp limestone

no determinable fossils have been obtained, but
Tu;onian. , .

it is evident that the upper part of the Hemiaster

shales, the first scarp limestone and the overlying shales must contain

the turonian stage and possibly part of the cenomanian.

( )
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From the base of the second limestone upwards fossils are

fairly numerous, and when the collections made have been worked out it

will no doubt be possible to recognise at least some of the European

horizons, and perhaps even to define their approximate limits. At

present, however, the Rtidista; of the second limestone have not been

determined and may be either turonian or senonian species—possibly

both stages are represented.

The age of the third limestone appears to be at any rate partly

senonian, since it is overlain by beds with typical maestrichtian

fossils, such as Plicatula hirsnta Coq., Cyclolites regularis Leym.,

Orbitolites macropora Defr. and species of Hemipneiistes, all of

which forcibly recall the maestrichtian beds of Baluchistan (see

Pal. Ind., ser. XVI, Vol. I, pt. 3).

The absence of determinable fossils from the ferruginous sand-

stone and the beds immediately below it make it impossible to define

the upper boundary of the Cretaceous system, but it seems hardly

likely to lie below the base of the sandstone and may possibly be

above it : there is no sign of the unconformity which is so frequently

found at the base of the Tertiary system in India.

The only area not yet referred to, in which rocks believed to be

of Cretaceous age were seen is the immediate neighbourhood of

Lhasa. The prevailing rock on the right side of the Kyi Chu from

Lhasa to Troiung is granite, but along the lower slopes of the hills

there are dark shales overlain by limestone. On the spur running out

into the Lhasa plain beside Nechung, the temple of the Oracle, a

series of limestone and slate dips into the hill against the granite of the

main ridge ; all the beds are much altered by the granite, but traces

of fossils, apparently including echinoids, were seen in the limestone.

For several miles below Drepung the lower spurs are composed

chiefly of limestone, and near Gang-gi-ri, where a gigantic figure of

Buddha has been carved on the face of a limestone cliff, some of the

beds are distinctly fossiliferous. Unfortunately the fossils are merely

represented by sections of what appear to be lamellibranchs and in

some cases resemble sections of Radiglites, but neither here nor pa the
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Nechung spur were determinable specimens found. This band is

overlain by quartzite—a combination suggesting the upper Cretaceous

series and ferruginous sandstone of Tiina and Kampa dzong.

Further down the Kyi Chu valley and also up the Trolung Chu, these

beds are apparently underlain by shale and slate, part of the extensive

series which has been referred to the Jurassic system.

The same limestones occur again between Lhasa and the Pempogo

La and run on through the higher ridges bordering the Lhasa

plain. Just below the Pempogo La they are underlain by the typical

Jurassic beds of central Tibet, and in spite of the want of

palaeontological evidence, it is difficult to resist the conviction that

this calcareous series, overlain by quartzite, is the equivalent of

the Cretaceous system of Tiina and Kampa dzong and probably

connected with beds of similar age known to occur at Nam Tso.^

Throughout the rest of the area visited Cretaceous beds are

apparently absent, though, as already stated, they may occur among

the metamorphosed rocks between Gyantse and Kampa dzong.

The extent of the system at Nam Tso is quite unknown.

CHAPTER VIL

THE KAMPA SYSTEM— {continued).

On every section on which it has been found, the uppermost

Cretaceous (Tiina) limestone is invariably over-
Ferruginous sandstone. , . , , , , . r , •

, r
lain by a bed—about 200 feet thick—of coarse

sandstone, gritty and slightly conglomeratic in parts and fre-

quently highly ferruginous. In the hills around Kampa dzong,

it contains small segregated masses of iron ore, usually one of the

hydrated forms, but occasionally pure haematite. The change from

' Supra p. 40.

( )
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the underlying rocks to this sandstone is never particularly abrupt,

for the limestones above the horizon of Orbitolites macropora

are always more or less arenaceous, and in some instances

contain bands of (rue sandstone. Although comparatively rapid,

the change to shallow-water conditions must have, at least

in the Tiina-Kampa dzong area, been gradual and there is

no sign of unconformity. The absence of fossils in the sandstone

combined vi'ith the absence of any marked stratigraphical break in the

sequence thus makes it impossible to demarcate the boundary

between Cretaceous and Tertiary, and the sandstone may belong

to either one or the other, or indeed partly to both. In the pre-

liminary note published in Records, G. S. I., Vol. XXXII, pt. 2, it

was provisionally referred to the danian stage, ^ but the ambiguity

connected with that term renders its use undesirable, while the

interval between maestrichtian and eocene may possibly be entirely

represented by the eighty feet or so of limestone and sandstone

above the Lithothamnion limestone.

The ferruginous sandstone is succeeded by a series of calcareous

beds which are lithologically not unlike the
Gastropod limestone. , , . r-. ,. , , ,i • i

underlying bcarp hmestone, but at their base

there is a more decidedly abrupt change from sandstone to limestone

than has been observed at any part of the underlying beds. The sand-

stone passes rapidly up into limestone which is at first thin-bedded

but is subsequently a hard dark massive rock full of badly preserved

casts of gastropods ; above this is a shaly foraminiferal limestone,

which passes up into shale overlain by more massive limestone

with Orbitolites. The whole of this series, together with some

shale and flaggy sandstone which overlies the Orbitolites limestone,

appears to be of Tertiary age.

The only section that was examined in detail occurs in the hills

behind Kampa dzong* : it is perhaps best seen in the gorge at about

' p. 165.

' A more complete section would probably be found at the Dzongbuk l-a (see

below p. 56).

( )
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2^ miles above the village, where the sequence is as follows (see

PI. 10) :

Sandy and micaceous shale, with flaggy sandstone, and

a narrow calcareous band near the base
;

(4) Orbitolites limestone

;

(3) Shale, variously coloured, ranging from black to greyish,

with " needle-shales" (" Spondylus shales ")
;

(2) Soft shaly and nodular limestone, full of foraminifera

(" Operculina limestone ")
;

(i) Hard, dark, massive limestone, thin-bedded at base

(" Gastropod limestone ")
;

Ferruginous sandstone.

With the exception of the ferruginous sandstone, each of the

above horizons is more or less fossiliferous ; but the lowest lime-

stone (i) is cut through by the stream and that part of the section is

much obscured. The lower beds, however, are almost invariably

found capping both the ridges which run from Kampa dzong to

Tatsang ; on the more southerly of the two they are in normal

sequence above the Scarp limestone, but on the northern ridge

they have been thrown above younger beds by an important strike-

fault, which extends certainly for 20 miles from east to west and

probably persists for a very much greater distance
;
although almost

coincident with the strike, it appears to draw slightly away from it

towards the east, and to run rather more to the north of east.

In the neighbourhood of Tiina exactly similar sections of ihe

lower part of the Tertiary system are seen throughout the ridges

between that village and Guru, but only the ferruginous sandstone,

the lowest limestone and the shaly foraminiferal limestone occur on

the Tiina ridge. Younger beds would almost certainly be found

in the higher hills to the west of Guru, but unfortunately these

could not be visited. The Tiina sections, however, have proved of

considerable value, for they have furnished fossils from the beds

immediately above the ferruginous sandstone, and have considerably

supplemented the collections from the massive limestone of Kampa

( 172 )
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dzong. A part of the southern side of the ridge is shown on PI. 12,

fig. 2, on which (i) represents the ferruginous sandstone and (2) the

massive limestone. The ferruginous sandstone is the lowest bed

seen on the section, and to the east—right-hand side of the picture

—

it is almost entirely cut out by a fault, which brings the limestone

down on to the upper Cretaceous beds (see also PI. 4). Between

the sandstone outcrop and the base of the limestone cliff, most of the

slope is covered with debris, but sandstone can be seen here and

there at intervals for the greater part of the distance
;
higher up it is

replaced by thin-bedded limestone, which begins a short distance

below the foot of the cliff. At the point marked x occurs the first

fossiliferous horizon found above the sandstone; this is a narrow

band of pale grey limestone full of foraminifera, which to the naked

eye appear to be entirely Orhitolites sp. Under the microscope,

however, the matrix is found to be largely made up of smaller fora-

minifera, chiefly members of the family Miliolidas. At about twenty

feet above this a section just to the east of that shown on PI. 12

yielded a few badly preserved gastropods and a Nautilus. Above

this scattered fossils occur throughout the limestone
;
they are chiefly

gastropods, with some echinoids and lamellibranchs, in almost all

cases badly preserved internal casts v/ith no trace of shell. The

total thickness of this limestone is difficult to estimate, owing to the

universal faulting; both at Tiina and at Kampa dzong it appears

to be about 300 feet, In the sections on the ridge immediately

behind Kampa dzong, a band of shale, about 40 feet thick, occurs

rather above the middle of the limestone ; it is not so conspicuous

at Tiina, although a certain amount of shale is seen there also ; no

fossils were found in it at either locality.

The whole of this limestone series, which may be conveniently

termed the "Gastropod limestone," appears to belong to one horizon.

With the exception of the foraminifera, which are more conspicuous in

the lower beds, the same fossils seem to occur throughout. Gastropods

largely predominate and include several genera of which the com-

monest are Ovula Cerithtum, Phasianella, Fusus, Valuta^ Conus
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and Velatcs. The last-named genus occurs in considerable profusion

in the upper part of the limestone, and extends into the overlying

shaly foraminiferal limestone; at Tiina, however, it was found also

in the lower beds with Nmitilus sp. cf, subLxvigatiis d'Orb. The

commonest—possibly the only—species is Velates schmideliana

Chemn.,^ which determines the age of the limestone as eocene.

In addition to the above fossils, part of a claw of a crab was found

at the top of the limestone on the ridge behind Tiina.

The gastropod limestone is overlain by a shaly nodular limestone

containing large numbers of foraminifera, chiefly
Operculina limestoae.

Operculina and other Nummulinidse. In the

neighbourhood of Kampa dzong this rock is usually found capping the

ridge to the north of the village, and it occupies a similar position on

the ridge to the north-west of Tiina (see Plates 8, fig. l, and 12, fig. 2),

When found in this position it usually resembles a nodular calcareous

shale rather than a limestone, for, owing to its soft and shaly character,

it readilv succumbs to the violent disintegrating- forces at work in the

extreme climate of Tibet. In less exposed sections, however, it appears

more compact, and in the Kampa gorge at about half a mile above

the fort it forms steep cliffs bordering the stream (see PI. u, fig. 2).

This rock forms a very characteristic and readily recognised

horizon. It is always markedly nodular, and the nodules, being

harder and more compact than the shaly interstitial matter, stand out

conspicuously on the cliff face ; at the same time they appear to be

covered with small dark specks which on closer inspection prove

to be foraminifera weathered out from the soft matrix. Few fossils

other than foraminifera occur in this limestone, but gastropods and

lamellibranchs were found both at Kampa dzong and Tiina and

Nautili at Tiina. The gastropods are represented chiefly by Velates

schmideliana Chemn., which is fairly common in the highest beds

of the limestone at Kampa dzong : at least two species of Nautilus

occur, one of which closely resembles A'', sublaevigatus d'Orb.

^ I am indebted to my colleague, Mr. G. H. Tipper, for the determination of

this species and also for much assistance in dealing with the fossils from the

underlying Cretaceous beds.

( )
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The Operculina limestone is overlain by a bed, about 150 feet

thick, of fine-grained greenish, grey and black shale, full of small

nodular masses of marcasite. It is exposed on the right bank of the

Kampa stream, at about one mile above the fort, where it is to some

extent fossiliferous

The fossils which are poorly preserved and still await deter-

, . .
mination, include chiefly lamellibranchs aiid

Spondylus shaies. ^

gastropods; of the former Spondylus is the

commonest genus, and is the predominant fossil of the shales, which

may therefore be conveniently termed the " Spondylus shales:" other

genera present are Ostrea, Chama and Cardium.

The gastropods are represented chiefly by Velates schmideltana,

which extends up from the underlying limestone.

One echinoid (? Cyphosonia sp.)^ was found, but is too fragmen-

tary to admit of specific determination.

Foraminifera, apparently similar to those of the Operculina lime-

stone, are found in calcareous bands in the shale.

The Spondylus shales are overlain by a limestone band about 50

feet thick, the lower layers of which are argil-
Orbiloliles limestone.

. .

laceous and contain large specimens of Orbi-

tolites sp. Higher up the limestone has yielded also AlveoHna.

Under the microscope the rock is found to be composed largely of

Orbitolites sp. with Alveolina and Miliolina {Quinqueloculina).

Above this limestone is a bed of sandy micaceous shale with thin

sandstone flags. The maximum thickness seen
Sandy shale.

is about 150 feet. Here the upper beds end,

being cut off abruptly by an important strike fault which throws them

beneath older Tertiary horizons (see PI. 3, fig. 2). The shales are to

some extent fossiliferous, conta'ning lamellibranchs {Solen sp.) in the

lower layers and lamellibranchs and gastropods in a calcareous band

about 80 feet above the base.

The description of the auove sequence., from the Operculina

! am iiidebted for this determination to my colleague, Mr. E. Vredenburg.
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limestone to the top of the sandy sliale is based on the section

exposed on the right bank of the Kampa gorge at about one mile

above the fort. This is shown on PI. lo.

The beds on the ridge on the north side of the stream are very

much disturbed, the line of iunction between
Faults. '

.

^

the youngest Tertiary shale and the overlying

Operculina limestone being a fault. Numerous other faults occur

both along and across the strike of the beds ; a prominent fault of the

latter type is shown on PI. 12, fig. i.

This fault, which is exactly followed by the path over the ridge

has resulted in very considerable horizontal displacement, and has

brought the Operculina limestone, on the east of the faulty into line

with the upper part of the Cretaceous limestone (Vola horizon) on

the west.

All this disturbance has greatly complicated the sections through-

out the ridge ; on the hills to the north of the Dzongbuk La, the

watershed between the Kampa and Tatsang streams, the beds

appear to have been inverted, for the ferruginous sandstone is found

underlying the third scarp limestone. This locality is one of con-

siderable interest, for at the point where the road ascends to the

Dzongbuk La an outcrop of Alveolina limestone was found dipping

at a high angle to the north, under dark shales which were at first

assumed to represent the beds above the Orbitolites limestone in the

section already described. The Dzongbuk limestone, however,

differs from that seen nearer Kampa dzong in
Alveolina limestone.

,

being composed almost entirely of Alveolina.

It was at first mistaken for nummulitic limestone ^ and the error was

only discovered when a thin slice of the rock was put under the

microscope.

Unfortunately this section is complicated by disturbance as well

as obscured by debris, and being, under the circumstances prevailing

at the time it was visited, very difficult of access, it was not examined

' See Rec. Geol. Surv. Jnd., Vol. XXXII, pp. 165 and 171, where the rock is

erroneously called nummulitic limestone.

( )
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in detail ; this is to be regretted since the relation of the Alveolina

limestone to the underlying beds has not been ascertained, but the

probable stratigraphical conditions are shown in the section on

PI- 3, fig. 3-

The Alveolina limestone crops out on the Dzongbuk La, in the gap

between the two ridges of the Kampa-Tatsang range; it is overlain by

a considerable thickness of dark shale, which forms the lower slope

of the northern ridge ; this is overlain by limestone followed by sand-

stone, the line of junction being apparently the continuation of the

fault referred to above (p. 49). The ridge is capped by limestone

with Radiolites and it appears therefore that the beds lie in a reversed

fold (see PI. 3, fig, 3).

The Alveolina limestone is underlain by a series of shale and

limestone^ but this part of the section was not examined in

detail and part of it is doubtful ; the beds on the upper part of the

southern ridge are the upper Cretaceous (maestrichtian) limestone

and the ferruginous sandstone. It is probable therefore that the

doubtful part of the section includes the lower part of the Tertiary

system as described above from the section close to Kampa dzong and

the shales which underlie the Alveolina limestone probably represent

the sandy and micaceous beds above the Orbitolites limestone.

The Alveolina limestone and the overlying shales would in that case

be younger than any beds seen on the section previously described.

A curious feature of this series of Tertiary beds is the apparent

absence of nummulites, which have not been recognised among

the many forminifera found in almost every horizon from the base

of the Gastropod limestone to the top of the Dzongbuk shales.'

The total thickness of the beds enclosed between these limits must

be almost, if not quite, 1,000 feet, and there can be no doubt that they

all belong to the eocene series, whilst the absence of nummulitic lime-

stone may possibly be due to the fact that that stage had not yet been

' This name may be temporarily given to the shales which overlie the

Alveolina limestone on the Dzongbuk La.
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reached and that in the Tertiary system of southern Tibet we have

a series analogous to the older Tertiaries—Ihe lower Ranikot—of

western Sind.

CHAPTER VIII.

IGNEOUS ROCKS.

Both acid and basic igneous rocks are fairly numerous throughout

the area visited by the mission. The former consist chiefly of granite

and the latter of an extensive series of basic dyke-rocks, including

diorite, augite norite, epidiorite and serpentine. In addition to these

a number of pebbles of volcanic rocks allied to dacite were found in

the gravels of the Tsangpo between Kampa-partsi and Chaksam

;

these were not found in situ but most probably occur in the Tsangpo

valley between Kampa-partsi and Shigatse.

In the valley of the Nyang Chu basic intrusions are numerous and

have been noticed at various points in the hills on either side of the

river. To the south of Gyantse several dykes are seen cutting

through the Jurassic slates ; one of these forms a ridge at about seven

miles to the south-south-west of the town and consists of much

decomposed lath-shaped plagioclase, with large quantities of chlorite,

ilmenite, leucoxene and apatite. The most striking feature of this

rock is the great abundance of the apatite, the freshness of which

contrasts strongly with the advanced state of alteration of all the other

constituents.

At Tsechen and again at Drongtse, there is a coarser greyish-

green rock, composed of plagioclase,—almost completely replaced by

saussuritic decomposition products—with chlorite, some quartz,

ilmenite, much leucoxene, and a little calcite and actinolite ; this

rock appears to have been originally a diorite, and probably marks a

stage of decomposition rather more advanced than that of the basic

intrusions at Gupshi, at the junction of the Ralung and Nyiru

rivers. This latter rock, although much altered, is still recognisable as
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an ophitic augite-norite and is very similar to other dyke-rocks found

between Hring La and Nangkartse and along the shores of Yamdrok

Tso. There is nothing sufficiently remarkable about the rock to

warrant a detailed description : it is composed of plagioclase, probably

labradorite but much decomposed, augite and enstatite both markedly

ophitic, chlorite serpentine, probably derived from the decomposition

of the pyroxenes, ilmenite, leucoxene and sphene.

At the village of Nupuchondzo between Drongtse and Penang

there is a very conspicuous intrusion of serpentine with large

lustrous phenocrysts of bastite. It has been considerably crushed

and the black and shining slickensided surfaces give it a superficial

resemblance to coal, which probably accounts for the persistent

rumours regarding the occurrence of that mineral between Gyantse

and Shigatse.

All the above rocks are found intrusive in the Jurassic slates, but

a dyke of similar character was also noticed among the limestones,

regarded as of Cretaceous age, between Trolung and Nyetang in

the valley of the Kyi Chu. They are therefore not older than

upper Cretaceous and may be younger, possibly contemporaneous

with the basic intrusions which are found in the Tertiary volcanic

series of Ladak- and in the Palaeozoic beds of Spiti and Rupshu, and

it further seems reasonable to unite these occurrences of basic

igneous rocks, as well as the dacites of the Tsangpo gravels, with the

volcanic series of Malla Johar in Kumaon* and the neighbourhood of

Manasarowar and Rakas Tal° and to regard them all as Tertiary (later

eocene) in age.

The most constant feature of the rocks described above is their

' Fragments of similar basic rocks related to diabase and epidiorite were also

found in the Kampa dzong and Phari areas
;
they were not seen in situ but are

presumably intrusive in the Jurassic slates.

5 Petrological notes on some Peridotites, elc, from Ladakh ; by l.t.-Genl.

C. A. McMahon, F.R.S., Mem. Geol. Surv. Ind., XXXI, pt. 3.

3 H. H. Hayden : Mem. Geol. Surv. Ind., XXXVI, pt. I, 98.

* A. von Krafft : Mem. Geol. Surv. Ind., XXXII, pt. 3.

• R. Strachey : Journ., R. Geol. Surv. Soc, XXI, 1851 ^68) ; Q. J. G. S., VII

(1851), 308.
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advanced state of alteration, as evidenced by the presence of secondary

minerals such as epidote, leucoxcne, calcite and serpentine, and in this

respect they present a striking contrast to a mass of basic rock, not

yet referred to, which is intrusive in the Jurassic slates of the Tsangpo

valley. This rock forms a high and conspicuous hill on the right

bank of the river at Chaksam and is essentially a coarse-grained

hornblende-diorite. Under the microscope, it is found to be com-

posed of plagioclase felspar, partly oligoclase and partly a more basic

variety approaching labradorite, with some orthoclase and large

quantities of a brownish-green hornblende occasionally showing

idiomorphic outlines. There are also a few^ irregular patches of

hornblende containing a colourless mineral with high refractive index

and high double refraction, possibly pyroxene which has been

partially altered to secondary hornblende. In addition to these, there

is a considerable quantity of biotite, chlorite and magnetite and a little

sphene ; the chlorite has probably been derived from the alteration of

'hornblende and biotite. Quartz is present, but in very small quantity.

The felspar is often beautifully zoned and, as a rule, fresh and little

altered, in this respect differing very markedly from the saussuri-

tised felspars of the diabases : indeed, with the exception of the

chlorite and the small amount of (?) secondary hornblende, the

Tock is almost free from alteration. It is associated with and prob-

ably genetically related to the granite of the Kyi Cha valley,

which is found on the opposite bank of the
Kyi Chu granite.

.

Tsangpo and runs thence in a broad band along

the valley of the former river up to and beyond Lhasa. The relation-

ship of the two rocks is further borne out by the character of the

granite, which differs markedly from both the typical foliated biotite-

granite and the muscovite-schorl-granite of the Himalayan crystalline

zone. The latter varieties as seen in Sikkim and Chumbi differ in

no respect from the similar granites of the more westerly parts of

the Himalaya, and, in the upper reaches of the Lachen river resemble

those of the Sutlej valley in having beryl as one of the constituents

of the pegmatite,
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The Kyi Chu rock, on the other hand, is essentially a hornblende-

albite-granite, and is composed of quartz, orthoclase, albite, microcline,

perthite, oligoclase, hornblende, biotite, apatite, epidote, sphene and

magnetite. The plagioclase is very abundant, hornblende and biotite

are always present in considerable quantities, while the sphene is a

conspicuous and almost essential constituent of the rock. In the

neighbourhood of Lhasa there are two varieties of the granite, a

coarse-grained form with much quartz and having a specific gravity

of 2'65, and a fine-grained, less acid type, in which sphene and the

ferro-magnesian minerals are very conspicuous and raise the specific

gravity to 2"]0. This rock differs in several points from the acid

variety. It is especially characterised by the presence of various

lime-bearing minerals including sphene, epidote and calcite, of

which the first two are particularly conspicuous both in the hand-

specimen and under the microscope. The presence of such a

marked calcareous element in the granite amounting to nearly 4*7

per cent, of CaO is at first sight surprising, since the basic

felspar is neither large enough in quantity nor far enough advanced

towards alteration to have yielded an appreciable amount of epidote

and calcite. Nor apparently have either of these minerals arisen

from the decomposition of the hornblende ; this may have

occurred in certain instances, where the calcite and epidote are

found in association with hornblende, but in other cases they are

associated neither with hornblende nor with plagioclase, but appear

to have crystallised out independently among pre-existing individuals

of quartz and orthoclase; thus in the case shown on PI. 14, fig. 4, the

calcite is found surrounding and enclosing fragments of a single

crystal of orthoclase, the various parts of each mineral being, res-

pectively, in optical continuity ; the epidote also shows a similar

habit. At the same time the epidote and calcite frequently occur in

association with one another and with the sphene, and all tliree ap-

pear to ha^^e arisen at one and the same stage in the life-history of

the rock. A simple explanation of their origin seems to lie in the

absorption, by the granite, of lime from the rocks into which it has
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been intruded. In the Kyi Chu valley, as at Gyantse and elsewhere

the slates ate not infrequently calcareous and contain bands of lime-

stone and calc-schist, and the absorption of these by the granite, at

a stage prior to its complete solidification, would result in the pro-

duction of such minerals as sphene and epidote, the excess of lime

combining with carbonic acid to form calcite.

A very handsome porphyritic granite, with large phenocrysts of

flesh-coloured orthoclase, occurs on the right bank of the Kyi Chu at

Nam, about 23 miles below Lhasa.

Basic schlieren, probably representing fragments of the sedi-

mentary rocks into which the granite has been intruded, and com-

posed of idiomorphic crystals of felspar and ragged patches and rods

of hornblende, frequently twinned., are very common in the granite

both at Nam and also at Chushii on the left bank of the Tsangpo.

It is evident therefore that the Kyi Chu granite differs essentially

from the ordinary varieties of the Himalayan rock : from the typical

foliated biotite-granite, it may be distinguished by the absence of

foliation and the presence of hornblende as an essential constituent

and from the muscovite-schorl-granite by the presence of hornblende

and the absence of tourmaline and muscovite. It is interesting to

note that Professor Garwood records the presence of fragments of an

unfoiiated hornblende-granite among the blocks scattered over the

surface of the Zemu glacier in Sikkim^ and also of a fine-grained

hornblendic gneiss in the moraines of the Kinchinjunga glacier^
;

he does not, however, give a detailed description of either of these

rocks, but notes the absence of hornblende from the prevailing

gneiss of the Kinchinjunga area and suggests that the hornblendic

variety may belong to a different rock into which the former has

been intruded. He states also that intrusive veins of hornblende

granite occur in the gneiss at Jongri^ ; the same rock apparently, was

noticed by Mr. Bose.*

> D. W. Freshfield : Round Kangckenjunga, Appendix by Prof. E. J. Gar-
wood, 285.

' 1. c. p. 289.

' 1. c. p. 290.

*Rec. Geol. Surv. Ind„ XXIV, 51-

( )



62 HAYDEN: GEOLOGY OF THE PROVINCES OF TSANG AND U.

There would thus appear to be three series of igneous rocks in-

Central Tibet, viz., {a) the foliated biotite granite of the Himalaya,

with its associated schorl granite, {b) a series of basic dykes chiefly

diabase and serpentine, and (c) the hornblende-sphene granite and

associated hornblende-diorite, of the Tsangpo and Kyi Chu valleys.

The first of these series is undoubtedly merely a continuation of

the great granitic axis of the Himdlaya ; it is intrusive certainly into

beds of Jurassic age, and to the north-east of Chomolhari, in the neigh-

bourhood of the Lingshi La, will most probably be found to have aflfected

the Cretaceous and Tertiary beds of the Kampa series, in which

case it could not be older than eocene. This has not been definitely

ascertained, but unless the Lingshi range proves to be an original

limit of deposition—a rather improbable supposition— it is impossible

to avoid the conclusion that the Kampa series is represented among

the metamorphosed sediments in the peaks to the north of the

Lingshi La. This particular area has not been visited, but its impor-

tance is apparent since, should the Kampa series be found there, it

will furnish the first positive evidence of the Tertiary age of the

Himalayan granite.

Since the basic volcanic series of Ladak and Kumaon^ are regarded

as of eocene age, the dykes found intrusive in them in both areas

are therefore either practically contemporaneous or probably younger.

Similar rocks have also been found intrusive in the biotite-granite of

Rupshu,^ and if we are justified in assuming that the diabases and

serpentines of Central Tibet are but part of the same series, they also

must be younger than the biotite granite.'

There is still less direct evidence, with regard to the age of the third

series, the Kyi Chu granite and associated hornblende-diorite. It

' R. Lydekker : Mevi. Geol. Surv. Ind., XXII, ni ; A. von Krafit : Mem.

Geol. Surv. Ind.,XXXU, 138.

2 H. H. Hayden : Mem. Geol. Surv. Ind., XXXVI, loo.

' We are unfortunately dependent on this indirect and somewhat involved,

method of argument in endeavouring to fix the age of the basic intrusive rocks of

Central Tibet, since they were not observed in contact with granite in the compara-

tively limited area that could be visited.
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has already been pointed out that it is almost certainly not older than

upper Cretaceous. The mineralogical characters of the granite differ

so markedly from those of the typical biotite-granite of the Himalaya,

that one is at first tempted to regard the two as belonging to separate

petrographical provinces, but an analysis of the difference shows that

it consists almost entirely in the preponderance in the Kyi Chu rock

of lime and lime-bearing silicates, which as stated above may be

explained by modification of the granite by the rocks into which it

was intruded.

The numerous pebbles of dacite and other volcanic rocks found

in the Tsangpo gravels between Kampa-partsi and Chaksam, appear

to be genetically related to the Kyi Chu granite and may very

possibly be extrusive portions of the same magma. At the same

time the diabases and serpentines described above may equally

represent yet another phase in the process of differentiation.

Both the dacites and the diabases are remarkable for the advanced

state of alteration of many of their constituents, such as the felspars

and the ferro-magnesian silicates, and are consequently rich in secon-

dary minerals, such as epidote, chlorite, calcite, serpentine and

leucoxene. In marked contrast to this is the comparative freshness

of the constituents of the hornblende-diorite of Chaksam. This rock,

however, as already stated, occurs in the immediate neighbourhood of

the granite; it is coarse and granitoid in structure and was therefore

presumably formed at a considerable depth below the surface, in what

Van HiseHerms the "zone of anamorphism," whereas the highly

altered rocks were injected as dykes—possibly even extruded as

surface flows—among the higher layers of the crust, termed by the

same author the " zone of katamorphism," which he regards as the seat

of such secondary changes as hydration, oxidation and carbonation.

The mere accident of position, or relative depth below the surface,

would thus suffice to account for the varying degrees of alteration of

different parts of the same magma.

' C. R. Van Hise : A Treatise on metamorphism, U, S. Geol, Survey Mono-

graphs, XLVII (1904).
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The presence of serpentine among the basic rocks intrusive in the

sedimentary systems of India and Burma and its almost complete

absence from the dunites and other olivine-bearing rocks found in the

old crystalline complex of the Indian peninsula, led Mr. Holland to

the conclusion that extensive serpentinisation is probably due to

submarine agencies.^ If we apply this theory to the serpentines of

Central Tibet, their age will be limited by that of the most recent

marine sediments deposited in the old Fibetan sea, and as no stratified

rocks of marine origin younger than eocene have yet been found, it is

reasonable to assume that the age of the basic intrusives is not less

than upper eocene. This is a further argument in favour of correlating

these rocks with the basic dykes and eocene volcanic series of Ladak

and Kumaon.

CHAPTER IX.

ECONOMIC GEOLOGY.

The area visited during the recent expedition is strikingly poor in

minerals of economic value, the only one found
Gold.

in situ being gold, which was obtained in very

small quantities from the coarse gravel beds of the Tsangpo
; these

were panned at various points near Chaksam, but the largest yield

was only at tlie rate of "28 grain of gold per ton of gravel. The con-

centrates were found to contain, in addition to much magnetite and

zircon, a small quantity of rutile, tourmaline, hercynite, and monazite

(see Appendix A).

Persistent rumours of the occurrence of coal both in the Nyang

Chu valley, near Penang, and at Lhasa proved
Coal,

to be groundless. In the former case it is highly

probable that the supposed coal is the serpentine occurring at

' T. H. Holland : Bvit. Association Report (1898), 868 : Geol. Mag., Dec. IV,

Vol. VI (1899). 30, 540.
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Nupuchondzo and elsewhere in the lower Nyang Chu valley. At

Lhasa the prevailing rocks are granite and Jurassic slate and quart-

zite, with no trace of carbonaceous beds, while the fuel employed

in the local " arsenal " was found to be not coal—as had been

reported—but charcoal. Some quantity of graphite was found in this

building^, beinof used for the manufacture of
Graphite.

crucibles, and I am indebted to Mr. E. C. Wilton,

C.M.G., Assistant to the British Commissioner, for samples of the

mineral, and also for the suggestion that it represents the so-called

" coal." The graphite is said to come from the Rong valley between

Yamdrok Tso and Shie^atse. The same valley
Lead.

^

is also said to yield lead, but the report was not

substantiated by any reliable evidence,

While at Lhasa, I bought a number of samples of the gem-stones

employed by the local jewellers ; these included
Gem^stones.

turquoise, ruby, tourmaline, emerald, and sapphire-

The jewellers stated that all these stones were brought from consider-

able distances, the turquoise being obtained from Ladaki and Mongolian

traders, the rubies and emeralds from India and Mongolia, and the

sapphires from Ladak and India. I could obtain no reliable informa-

tion as to the existence of any indigenous source of gems. The

rubies and emeralds were small and very pale ; the sapphires were,

on the whole, of better quality, but small, often pale and flawed, and

though a few stones of good colour were to be obtained, they were

very small and of little value. Pink tourmaline is also apparently

used largely, not being distinguished from ruby of similar colour.

Yellow and white rock-crystal and red garnet are also used. It appears

that, with the exception of turquoise, practically all the gem-stones

used in Lhasa come from foreign countries, and it is not at all improb-

able that quite a large proportion of them come from Ceylon and

Burma, via Calcutta and Nepal.

An efflorescence, composed chiefly of sodium carbonate, is found in

„ ^, ,
the valley of the Yaru river near Utsi ; this is

Sodium carbonate. •'

collected and used by the Tibetans for various

purposes, both industrial and culinary.
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CHAPTER X.

SUMMARY.

1. To the north of Sikkim and Bhutan the orographic conditions

are apparently much more complicated than in
Orography. j f

the area to the north of Nepal and Kumaon.

The northern range of the Central Himdlaya no longer exists as a

definite unit but merges into a series of variously oriented ranges

with intervening depressions. The Tsangpo, however, occupies a

continuous trough from its source to the point at which it turns to

the south and cuts its way out to the plains of Assam. On the north

of this trough are the Tibetan ranges, named by Trelawney Saunders

the Gangri mountains, and to the south the high range of snowy

peaks including Everest, Kinchinjunga, Chomolhari and the other

giants of the Himdlaya. On the north of Nepal this latter range is

separated from the northern range of the Central Himalaya—-the

water-parting between the Gangetic drainage and the Tsangpo—by

an apparently continuous depression parallel to the trough of the

Tsangpo. To the north of Sikkim and Bhutan, however, this depres-

sion is no longer continuous, but may be represented by a series of

broad plains and lake basins, including the Yaru plain and Kala Tso.

2. Stratigraphically two broad zones have been recognised, viz.,

the crystalline and metamorphic to the south

Cr"s\'Se'2one. ^^^^ Tibetan zone of fossiliferous sediments

to the north. The former zone embraces the

high snowy range of the Himdlaya, and is composed of granite,

gneiss aiid a series of crystalline and metamorphic rocks, including

pyroxene-scapolite granulite, graphitic sillimanite gneiss, crystalline

limestone, mica schist and quartzite. These appear to represent the

Archaean rocks of the Peninsula and Burma ; the Dharwar system

may be represented by the Haling series of Sikkim and the meta-

morphosed ss^diments of the Khongbu valley may be the crushed

representatives of the Vindhyans of the Plains.

( )
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3. A thick series of limestone, slate, shale and quartzite— the

Dothak series—which forms the hills to the south
Dotbak Series.

. .

of the Phari plain represents a part at least of

the Trias and may possibly include also older systems, but the paucity

of fossils and the poor state of preservation of those found, have

afforded no evidence as to the age of the lower beds, but some lime-

stones at the top of the series contain brachiopods which are regarded

as of liassic age.

4. The greater part of the provinces of 1 sang and U is covered

by Jurassic rocks. The lower beds contain few
Jurassic System.

fossils, but highly fossiliferous limestones of

middle Jurassic age, with Trigonia costata Park, and species of

Harpoceras, were found to the south of Kampa dzong, and fossili-

ferous representatives of the Spiti shales occur at Kampa dzong and

in the hills to the east and south-east of Gyantse.

5. A comparatively narrow strip of Cretaceous and Tertiary rocks

— the Kampa series—runs from Kampa dzong

Creta'^rus^nd'terfiary.
^o Tuna. The Cretaceous rocks are shales,

limestones, and sandstones, and represent the

whole of that system. The lowest fossiliferous horizon is of

cenomanian age and contains Turrilites costatus Lam. and Acantho-

ceras rhotomagense Defr. The turonian, and probably part of the

senonian, stage is represented by Rudistae limestone, with Radiolites

sp. The inaestrichtian is represented by limestone with Cyclolites

regularis Leymerie, Hemipneustes sp., and Lithothamnion. A thick

bed of coarse, ferruginous sandstone may be of either Cretaceous or

Tertiary age. The Tertiary system is represented by gastropod-bear-

ing limestone, overlain by shaly foraminiferal limestone with Velates

schmideliana Chemn. This is followed by shale, with Spondylu^ sp.,

overlain by Orbitolites limestone. Still higher in the series is a

band of richly fossiliferous Alveolina limestone. The youngest of

the rocks of the Tertiary system is a dark shale ('' Dzongbuk shale

apparently unfossiliferous. The whole series from the ferruginous

sandstone up to the Dzongbuk shale is probably of eocene age

;
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any younger beds that may have overlain the shale have been cut out

by a fault which brings the upper Cretaceous over the Tertiary. The

table of strata facing PI. 3 shows the sequence of the Cretaceous and

Tertiary beds of the Kampa series.

6. Basic igneous rocks, including dolerite and serpentine, occur

as dykes in the Jurassic slates near Gyantse and
Igneous rocks.

along the shores of Yamdrok Tso. Granite is

found in the valleys of the Tsangpoand Kyi Chu and also at Lhasa,

where it is used as a building stone. The Kyi Chu granite is a fairly

coarse-grained, hornblende granite, containing oligoclase, biotite and

sphene, and differs markedly from the typical biotite-granite of the

Himalaya. The difference, however, consists chiefly in the large

quantity of lime and lime-sihcates occurring in the former rock and

may be due to the absorption by it of lime from the! sedimentary

beds into which it was intruded. Pebbles of dacite and allied volcanic

rocks occur in the gravels of the Tsangpo near Chaksam, and are

apparently derived from the hills between Shigatse and Kampa-partsi.

A bed of amygdaloidal trap was found among the slates believed

to be of Jurassic age in the hills to the north-east of Gyantse. If

truly contemporaneous, this bed is of some interest as being the first

indication of Jurassic lava flows yet observed in the Himalaya.

7. Few minerals of economic value were found in situ
;
gohl occurs

in very small quantity in the Tsangpo gravels,
Economic geology.

, ra j 1 1 f j-
and an efiiorescence, composed largely 01 sodmm

carbonate, is found at Utsi, 6 miles north-west of Kampa dzong.
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APPENDIX A.

NOTE ON CONCENTRATES FROM CHAKSAM ON THE TSANGPO.

Two samples of concentrates from the Tsangpo, near Chaksam, were examined

by Mr. J. M. Maclaren and described as follows :—No. i weighed 500 grains

and was thie result of washing 112 lbs. of gravel from the left bank of the river,

one mile above Chaksam. 399 grains, or 80 per cent., of the concentrate, proved

to be magnetite, while the greater part of the remainder was composed of zircons.

Of gold, there were only four extremely fine specks, far too fine to be weighable.

No. 2 sample, of 790 grains, was the result of washing 160 lbs. of gravel from

the right bank of the Tsangpo above the Chaksam ferry. This contained 612

grains of magnetite sand or 77 per cent., nearly the same as the preceding. The
residue of 178 grains was carefully washed and yielded a number of extremely

small grains of gold, weighing "02 grain. The total gold content per ton of these

gravels is "28 grain, or a little more than \ grain, of a value of one half-penny.

The minerals associated with the gold are magnetite and zircon, making up,

as already stated, nearly the whole of the concentrates. There are also occasional

grains of rutile, of tourmaline and of hercynite. With the gold, and impossible

to separate from it by ordinary washing, there remained a little dust, which was
resolved, under the high powers of the microscope, into black, cubical crystals

with cubical cleavage. These, from their extremely high specific gravity, their

crystalline form and their colour, are probably uraniniteor pitchblende.

The washings were made at a wide portion of the river, and gold was obtained

in the dish only when washing was carried on in the coarser gravels, the stones of

which ranged up to 6 inches in diameter. There is no record of gold-washing

along the Tsangpo, and the poverty of its gravels, as indicated by the above results,

confirms previous assumptions that the gold of the Assam valley has not been

derived from the Tibetan highlands. The extreme fineness of the gold, combined

with its flaky character,—the largest grain is no more than "3 mm. long and 'oi

mm. thick— indicates a distant source, possibly as far distant as the gold-regions

of the Manasarowar lakes.

Sample No. 2 was sent to the Imperial Institute on the suggestion of Profes-

sor Wyndham R. Dunstan, F.R.S., in order that a special examination might

be made tor minerals of the so-called " rare earths," and Professor Dunstan

reports as follows :

—

The ss;mple was described in the Records of the Geoltgical Survey of India

as consisting of 77 per cent, of magnetite, the residue containing zircon, rutile,

tourmaline, hercynite, gold and minute cubical crystals, which were supposed to

be uraninite but which I suggested might prove to be thorianite. Most of the

abovementioned minerals appeared to be present in the sample sent to the Imperial

Institute, and monazite in addition, but the residue left after removing the magne-

tite was only 2*3 per cent, of the total.

A sample of the material was tested in the Wilson electroscope and exhibited

slight radio-activity.

( )
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The sample gave the following results on analysis :

—

Cerium and allied oxides . . CeaOg o'ogS per cent.

Thorium diox de . . . ThOj 0*054 » .>

Uranoso-uranic oxide . . . UgOg O'0o6 „ „

Pnosphoric oxide . . . P2O5 o 043 „ „

These results indicate that the sample contains about 0-15 per cent, of

tnonazite, and a trace of a th r um uranium mineral in addition. It is, however,

impossible to express any definite opinion regarding the nature of the latter

ccnsiituent, unless larger quantities can be procured for examination.

{ )
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29

17
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34
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Tangu . 27 54 88 34 18.

Tatsang 28 13 88 50 8, 4'» 42, 43, 44.46, 51, 55. 56

Tengri Nur see Nam Tso.

Teshung . . . 29 7 90 22 '3>
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38.
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J, Dzam'trang . - ..... 0, 3».

foliated ........ 17'

„ hornblende-5-pViene ...... 60, 62.

Kyi Chu valley . . .... 59-
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Maclaren, J. M. .

Maestriclitian
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EXPLANATION OF PLATE 3.

17.—Dzongbuk shales.

16.—Alveolina limestone.

15.—Sandy shales.

14.— Orbitolites limestone.

13,— Spondylus shales.

12.—Operculina limestone.

II.—Gastropod limestone.

10.—Ferruginous sandstone.

9.—Tiina limestone.

8.—Third limestone.

7.—Shaly limestone.

6.—Second limestone.

5.—Shales.

4.—First limestone.

Figs 2 and 3.

2.—Kampa shales.
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FIG. 3 PROBABLE SECTION TMROUOH KAMPA RANGE *T OZONGBUK L*























EXPLANATION OF PLATE 8

Fig. I.

3.—Giri limestone (? Neocoinian).

2.1—Jurassic slate and quartzite.

1.—Spiti shales.

Fig. 2.

8 —Operculina limestone.

7.—Gastropod limestone.

6.—Ferruginous sandstone.

S.—Third scarp limestone.

4.—Second „ „
3.— First „ „
2.—Hemiaster shales.

I.—Kampa shales.



F|G. 1, KANGCHENJHAO AND CHOMOYUMO FROM THE NORTH

FiQ 2 WESTERN END OF KAMPA h;iuuh







EXPLANATION OF PLATE 9-

Fig. I.

4.—Third scarp limestone.

3.—Second „ „

2.— First „ „

1.—Hemiaster shales.

Fio. 2.

3.—Cephalopod horizon.

2.— Brachiopod horizon.

I.—Horizon oi Trigonia costata.



H. H. Hayden.

GEOLOGICA/. SURVEY OF INDIA.

Memoirs, Vol. XXXVI, Pt. 2, PI. 9.







EXPLANATION OF PLATE lo.

4.—Orbitolites limestone.

3. — Spondylus shales.

2.—Operculina limestone.

I.—Gastropod limestone.

/—/.—Strike fault.
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EXPLANATION OF PLATE ii

Fig. 2.

3.—Orbitolites limestone.

2.—Spondylus shales.

I.'—Operculina limestone.
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Memr-irs, Vol. XXXVI, I't. I'l. n.

FIG. 1. FOLDED JURASSIC BEDS 4 MILES WEST OF GYAN-TSE

FIG 2. OPERCULINA LIMESTONE AT KAMPA DZONG.







EXPLANATION OP PLATE la.

Fig. I.

4.—Operculina limestone.

3.—Gastropod limestone.

2.—Ferruginous sandstone.

1.—Tuna limestone.

Fio 2.

3,—Operculina limestone.

2.—Gastropod limestone.

I.— Ferruginous sandstone.

+Fossiliferous horizon.
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II. II. Havdcii. Memoirs. Vol. XXXM, Pt. i. PI. 12.

H H. Hayden, Photo. lUin} osi
, Coiio., De> hy.

FIG. 2 TERTIARY BEDS NEAR TU-NA.
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Fig. 1. Granite from Lhasa

hb. Hornblenile
or. Orthoclase

(fu. Quartz
ap. Apatite

bi. Riolite

sf>. Sphene
mg. Miignetite

Fig. 2. Granite from Lhasa

hb. Twinned crystal of hornblende

bi. Biotite

//. Plagioclase

or. Orthoclase

pe. Perthite

Fig. 3. Granite from Chushul, 'I'sangpo R.

mc. Micnicliiie

Fig. 4. Lhasa Granite (same slide as fig. 1

)

ca. Calcite

or. Parts of a single crystal of orthoclase

sp. Sphene qu. Quartz

ep. Epidote //. Plagioclase
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*

MEMOIRS
OF

THE GEOLOGICAL SURVEY OF INDIA.

The Trias of the Himalayas, C. Diener, Ph.D.,

Professor of Pakwiitology at the University of Vienna.

I —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 late

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 postpoi\e this task, until the

palseontological 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 materials 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. Krafit's original notes>

but is almost entirely my own work.
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•2 DIENEB : TRIAS OF THE HIMALAYAS.

Fourteen years have elapsed since the publication of the results of

the expedition of 1892, in which Griesbach, Middlemiss and I took part.

Shortly afterwards the study of the sedimentary deposits of the Hima-

layas was resumed ; areas formerly known only more or less superficially,

were re-examined in greater detail and a very large amount of new fossil

material has been obtained. Both the observations in the field,

whic'i are chiefly due to H. Hayden, A. von Krafft, La Touche, Smith,

Naetling 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, Ban'iiaag cliff) were known in any detail, we have now

equally detailed ccounts of those in Spiti and considerable additions

have been made t> our knowledge of those in Eastern Johar and Byans

and in the region oi the exotic blocks between Malla Johar and Hundes.

It therefore seems possible now to make an attempt to correlate 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 Himalayas,

has some very marked geographical peculiarities. We can no longer

characterise any individual section as a " type-section " of the Hima-

layan Trias. To do so would, indeed, be as incorrect as to speak of a

particular section in the South-eastern Tirol or in the Salzkammergut

as a type-section of the Alpine Trias.

In fact the Himalayan Trias clearly shows those changes of facies

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 Trias, are

yet almost equally marked. This becomes especially evident from a

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

and Painkhanda.

My examination of the fossil collections made by Hayden and A. v.

Krafft in Spiti and Malla Johar and my revision of A. v. Krafft's

memoir 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

known to Noetling, when publishing his summary of the Trias of Asia

in Lethcea mesozoica (Vol. I, Pt. 2, Stuttgart, 1905). A direct com-

parison will, I trust, convince the reader that the present paper has

not been rendered altogether unnecessary by Noetling's memoir.

( 203
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II.—LITERATURE.

Before entering upon a description of the Triassic sediments of the

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,^ 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 (18-55), by E. Suess" (1862) and by T. W. Salter=^ (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 {Ptychites Gerardi Blfd.) to belong to

a genus characteristic of the Alpine Muschelkalk.

The Cephalopoda of the Schlagintweit collections were examined by

A. Oppel,"^ the brachiopods and bivalves by C. W Guembel.^ Oppel

^ R. Strachey : On the geology of part of the Himalaya Mountains and Tibet,

Quart. Journ. Geol. Soc, VII, 1851, pp. 292-310.

~ E. Suess : Verhandl. K. K. Geol. Beichsanst, Wien, XII, p. 255 (Sitzg. 31,

Juli 1862).

3 T. W. Salter and H. F. Blandford : Paloeontology of Niti in the Northern

Himalayas, Calcutta, 1865.

* 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 Fossilreste aus den sekundaeren Ablagerungen

von Spiti and Gnari Khorsum in Tibet. Palceontol. Mitteilungen aus dem Museum
des Kgl. bayrischen Staates, I, p. 267.

^ C. W. Guembel : Ueber das Vorkommen von unteren Triasschichten in Hocha-
sien (nach den von den Gebruedern von Schlagintweit gesammelten Fiindstuecken

beurteilt).^ Sitzgsber. Kgl.bayr. Akad. d. Wiss. Muenchen,\^&^ (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' 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 Cej)halopoda. But this estabUshment 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 Kupshu in 1864.^ 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 Eixrope 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 (Taghng limestone) into three divisions. He

distinguished, in descending order :

—

3. Para limestone, corresponding to the rha^tic stage (Dachstein-

kalk of Austrian geologists).

2. Lilang series. Upper Trias, corresponding to the beds of Hall-

statt and St. Cassian.

1. Ruling 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, Ahhandl. Kgl. Akad. d. Wiss. Berlin, 1866, No. 2,

pp. 105-179.

2 F. Stoliczka : Geological sections across the Himalaya Mountains from

Wangtu 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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sary to lay special stress on this fact, because Noetling in his historical

retrospect ' 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 Ruling section, which he presumably accepted as a typical one,

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 system.'^

All subsequent accounts of the Himalayan Trias must needs be based

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 Oioceras 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.

^ F. Xoetling, Asiatische Trias, Lethcea mesozoica, 1. c, p. 125.

- C. L. Griesbach : Geological notes, Records, Geol. Surv. of India, XIII, 1880,

pp. 83-93.

^ C. L. Griesbach : Palaeontological notes on the lower Trias of the Himalayas,

ibid., XIII, pp. 94-113, XIV, pp. 154, 155,
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In 1883 C. L. Griesbach visited Spiti in order to remove certain

discrepancies between Stoliczka's description and his own observations

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 Muschelkalk, which

Stohczka had failed to recognise in his Triassic sections.^

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-Kuhng series " all the beds from the Lilang series

upwards to the Chikkim Umestone, 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.^

In 1891 C. L. Griesbach published his memoir on the geology of the

Central Himalayas.'^

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.* 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. 1.

1 C. L. Griesbach : Geological notes, Records, Geol. Surv. of India, XXII, 1889,

pp. 158, 167.

- R. Lydekker : The Geology of the Kashmir and Chamba territories, and

the British district of Khagan. Mern., Geol. Surv. of India, Vol. XXII, 1883.

3 C. L. Griesbach : Geology of the Central Himalayas. Mem., Geol. Surv. of

India, Vol. XXIII, 1891.

* E. V. Mojsisovics : Vorlauhge Bemerkungen ueber die Cephalopodenfaunen

dcr Himalaya-Trias. Silzg.fher-Kais. AJcad. d. Wissensch. C. 1 . Abt. 1. 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 pateontological 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

Rhsetic " 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.

Li addition to Diener's detailed account of the stratigraphical results

of the expedition in 1892,^ C. Diener, - E. v Mojsisovics ' and A.

Bittner ^ have published exhaustive descriptions of the various Triassic

fossil faunae in series XV of the Paloeontologia Indica.

Those palaeontological researches offered the possibility of a detailed

comparison of the succession of the individual Triassic faunae 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 Western 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 Palaeozoic and Triassic regions

1 C. Diener : Ergebuisse einer geologischen Expedition in den Central Himalaya
von Johar, Hundus und Painkhanda, Denkschr. Kais. Akad. d. Wiss., LXII, 1895,

pp. 533-608.

2 C. Diener : Cephalopoda of the Muschelkalk, Himalayan Fossils, Palceontologia

Indica, ser. XV, Vol. II, Pt. 2, (1895). Ce])h;iloi)0(la of tlio Lower Trias, ibidnn

Vol. II, Pt. 1,(1897).

^ E. V. Moj.sisovics : Upper Triassic Cephalopoda faun* of the Himalayas, ibidem

Vol. Ill, Pt. I, (1899). The German original was published in 1896 in Vol. LXIIl
of the Denkschr. d. Kais. Akad. d. Wissensch.

* A. Bittner : Trias Brachiopoda and Lamellibranchiata of the Himalayas,

Palceontologia Indica, I. c. Vol. Ill, Pt. 2, (1899).
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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.

von KrafEt. 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 ladinic stage and the

zone of Tropites suhbullatus, 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 shales, 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." ^

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 also

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 reported 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.^

^ A. V. Krafft : Stratigraphical notes on the mesozoic rocks of Spiti, General

lieport, Geol. Surv. of India, 1899-1900, pp. 199-230.

~ C. Diener : The fauna of the Tropites limestone of Byans. Palmontologia

Indica, ser. XV, Vol. V, Pt. 1, (1906).

3 A. V. Krafft : Zur Gliederung des Musclielkalkes im Himalaya. Verhandl. K.

K. Geol. BeichsansL, 1901, p. 52.

* 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. oj India, Vol. XXXIV, 1906, pp. l-ll. Tlie fauna of the

Traumatocrinus limestone, ralitont. 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 faunae 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 sumniar-

ized in a very interesting paper. ^ Soon after having finished liis

manuscript, he died suddenly on the 22nd September 1901. By liis

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 Palaeozoic 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.

Noetling'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 and in the Central Himalayas. In 1900 he visited the sections of

the Shalslial cliff and of the vicinity of the Niti Pass, in order to study

the boundary between the undoubted Permian and the Otoceras beds.

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 Noetling was supported by A. v. Krafft, Diener by

J. P. Smith.2

^ A. V. KrafPt : Notes on the exotic blocks of Malla Johar in the Bhot Mahals
of Kumaon. Mem. Geol. Surv. of India, Vol. XXXII, Pt. 3, 1902.—For descrip-

tions and figures of fossils, vide C. Diener, Triassic and Liassic faunae from the
exotic blocks of Malla Johar in the Bhot Mahals of Kumaon. Palceont. Ind., ser.

XV, Vol. I, Pt. 1,(1908).

r. Noetling : Die Otoceras beds in India. Centralblatt f. Mineral, etc., 1900,
\>. -IWi, ixnd General Report, Gcul, Sarv. of India lov VdOi^-iil, p. 28. A. v. Kratft

:
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After the death of A. v. KrafEt 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.

^

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. KrafEt.'- A full account, with the descriptions

and figures of new forms discovered since 1897, was pubhshed in the

Palosontologia Indica by Diener," 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. KrafEt in 1901.*

A synopsis of the stratigraphy of the Trias in Asia by F. Noethng,^

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 Indo-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 {Prionolobus)

Markhami Dien., and includes ten cephalopod- bearing horizons.

Ueber das permische Alter der Otoceras-Stufe des Himalaya. Centralblatt f.

Mineral, 1901, p. 275 ; C. Diener : Ueber das Alter der Otoceras beds des Hima-

laya, ibidem, p. 510 ; C. Diener : Zur Fi-age des Alters der Otoceras beds im Hima-

laya, ibid., p. 655. F. Noetling in F. Freeh, Lethcea Palceozoica, II, Dyas, p. 653

;

F. Noetling : Ueber das Alter der Otoceras Scliichten von Rimkin Paiar {Pain-

khanda) im Himalaya. Neues Jahrb. f. Mineral, Beil. Bd. XVIII, p. 258. C.

Diener : Ueber die stratigraphisclie >Stelliing der Otoceras beds des Himalaya,

Centralbl. f. Mineral, 1905, pp. 1-9, 36-45.

^ H. Hayden : The geology of 8piti, with parts of Bashahr and Rupshu, Mem,
Geol. Burv. of India, Vol. XXXVI, Pt. 1, 1904.

2 A. V. Krafit : General Report Geol. Surv. of India, 1898-99, pp. 11-12.

^ C. Diener : The fauna of the Himalayan Muschelkalk, Palceonf. Indica, set.

XV, Himalayan, Foss. Vol. V, Pt. 2, (1907) ; Ladinic, carni and noric fauna; of

ypiti, ibidem. Vol. V, Pt. 3, (1908).

* PulcEontologia Indica, ser. XV, Himal. Foss., Vol. VI, Pt. 1, (1909).

^ F. Noetling : Die asiatischc Trias, Leihosa geognostica, II, Teil, Das Mesozoic-

um, Bd. I, Tdas, 2. Liefg., Stuttgart, Schweizerbart, 1906.
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distinguished by their fauna. Those horizons are enumerated by Noet-

ling, as follows :

—

1^10. Sagenites beds.

1
9. Halorites beds.

Upper Trias -{ 8. Hauerites beds.

I

7. Trofites beds.

6. Joannites beds.

n/r-jji rr • r 5- Ptychites beds.
Middle Trias i . , ,

4. Kooustites beds.

i'

3. Stephanites beds.

2. Hedenstroemia beds.

1. Priomlohus beds.

Regarding tlie Lower Trias, Noetliiig admits that the Stephanites

beds^ 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 unfossihferous limestone resting conform-

ably on the horizon of Rhynchonella Griesbachi and followed by the

beds containing Spiriferina 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 coniata of the Shalshal

cliff are also correlated erroneously witli 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. Kraft't's sections, is considered doubtful. The affinities

between the Himalayan and Alpine faunae 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).^ The faunae of Lower Triassic age have

no affinity whatever with those of the Eastern Alps. There is, indeed,

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

~ This statement is contradicted by a footnote, which has been added by
Freeh.

'. 212
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110 strict evidence for tlie liomotaxy with the Buntsandstein of tlie

beds underlying the Niti limestone."

The annexed table clearly shows the progress which has been

made in the classification of the Himilayan Trias since 1865.

The stratigraphy of the Trias in the Central Himalayas 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 estabhshed in the classical sections of Spiti

and Painkhanda. It is in the interpretation of the facts observed that

they differ, not in the facts themselves.
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III.—GENERAL DEVELOPMENT OF THE HIMALAYAN TRIAS.

A broad sedimentary belt extends from Kashmir through Spiti,

G-arhwal 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 amounts

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. Esj)ecially 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,

( 215
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A. Himalayan Facies.

I. The Lower Trtas.

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 ' recognised in the collections of the

brothers von Schlagiatweit 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

locaUty from which those fossils are quoted is Balamsali near Dankhar.

The identity of this locahty 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 Ruling, 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 sequence^ is as follows, in descending order :

—

1 C. W. Ciuembel : Ueber da.s Vorkommen von unteren I riasschichten inHoch-
asien, nach den von den Gebruedern Sclilagintweit gesammelten Fossilstuecken

beurteilt. Sitzgsber. hgl. hayr. Akad., Muenclien, 1865, Pt. 2, p. 348.

~ Described in General Report Geol. Surv. of /ftrfia for 1899-1900, p. 200, and
in H. Hayden, Geology of Spiti, I. c, pp. 63-67.

( 216
)



\

DIENER : TRIAS OF THE HIMALAYAS.

Ft. In.

11. Nodular limestone. . .60 0 ; (Niti limestone, Noetling).
10. Calcareous shales . . .60; containing Rhynchonella Grieshachi

Bittn.

9. Shaly limestone
; containing Pseudomonotis himaica

Bittn.

8. Grey shaly limestones and 24 0 ; unfossiliferous.

grey shales, alternating very

regularly.

7. Nodular limestone with very 5 7 ; with Hedenstroe.mia Mojsisovicsi,

.
thin shaly partings. Xenodiscus nivalis, Pseudosage-

ceras mulilobatum.

6. Grey shaly limestones . . 0 7 ;
"> poor in fossils. No determinable

5. Shales . . . . 0 10; J ammonites.
4. Concretionary limestones and 3 0 ; very rich in Meekoceras, especially

shales, M. lilangense and M. Varaha.
3. Grey limestones . . .15; containing Ophiceras Sakuntala and

Pseudomonotis Grieshachi.

2. Sandy limestones weathering 1 7 ; no fossils,

brown.

1. Rusty brown, ferruginous 0 5 ; Ophiceras div. sp., Otoceras sp.

limestone.

Productus, or Ruling sliales.

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,

{
-^n
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In the large collections which were made by H. Hayden and A. v. Krafft,

tlie following species are represented :

—

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

Muth, KuUng).

,, c/. undatum Griesb. (5 miles S. of Ensi).

„ Clivei Dien. (5 miles S. of Ensa, S. E. of Muth, S. W. of

„ Gaichund).

„ nov. sp. ind. aff. Clivei Dien. (S. W. of Gaichund).

They occur together with Episageceras Dalailamace Dien., Prosphin-

qites 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 Pseudo-

monotis Griesbachi—a representative of the Alpine group of Claraia—
are very common. The genus Ophiceras Griesb. is represented by the

following species :

—

Ophiceras Sakuntala Dien.

„ tibeticum Griesb.

,, c/. demissum 0pp.

„ 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 Koninckites,

not less than fourteen species are present, namely :

—

Meekoceras Varaha Dien.

Markhami Dien.

„ lilangense Krafft.

„ lingtiense Krafft.

„ tenuistriatum Krafft

c
( 218
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Meekoceras rugosum Krafft.

jolinkense Krafft.

5, discijorme Kraft't.

„ cf. discus Waag.

Aspidites spitiensis Krafft.

ensanus Krafft.

,, crassus Krafft.

Koninckites Hmjdeni Krafft.

alterammonoides Krafft.

To those apecies of ammonites must be added :

—

Xenodiscus radians Waag.

Ulangensis v. Krafft.

Hedenstroemia Ulangensis v. Krafft, tlie most primitive species

of this genus, together witli a new genus, nearly allied to

Hedenstroemia, but holding a position intermediate between it

and Psendosageceras in the arrangement of its sutural line.

Of NaiUiloidea one species only

—

Grypoceras lilangense Krafft—is at

present known.

Lithologically the Ophiceras beds and tht^ Meekoceras beds are

connected so intimately, that A. v. Kraft't 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 faunse 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 There are not less tlian tliirteen species of douhlful stratigrapliical position,

namely :

—

Meekoceras horeale Dien.

,, cf. radiosum Waag.
dubiurn Kraft't.

„ kyokticuni Kraft't.

Aspidites Vidarhha Dien.

Proptychites typicns Krafift.

,, sp. ind. aff. typico.

All of these certainly helong to the lower division of the Lower Trias, but the

particular horizon in which they have tlieir hal)itat, is not known,

( 219 )

Xenodiscus rigidus Dien.

,, rotida Waag.

„ cf. plicosus Waag.

Nannites hindostaniis Dien.

,, Herherti Dien.

Flemingites Clnycrdeti Dien.
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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 oi 8piti, namely, the

Otoceras bed (1), the Ophicems bed (3), the Meekocems bed (4), each of

them being characterised by the abundance—but not, as a rule, the

exclusive occurrence—-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. Krafit, by a band of unfossiliferous rock from li to 4 feet in

thickness from the lower division {Meekoceras bed), contain a fauna of

uniform character, in which some species of Xenodiscus (especially X.

nivalis Dien.), Hedensfroemia and FlemingUes predominate. For this

liorizon the name of •• Hedenstroemia beds" or 'Zone of Flemingites

Rohilla " has been proposed by A. v. Krafft. A rich fauna of this horizon

was first discovered by C. L. Griesbach in 1883 8. E. of the village

of Muth, anil its stratigraphical independence was recognised by Diener

in 1895.

The fauna of tlie HedenstrcEinia beds of Spiti comprises the

following species of Cephalopoda :
—

Pleuronautilus Dieneri Krafit.

Meekoceras pseudoplanulatitm Krafit.

„ sp. ind. aff. pilato Hyatt et Siuith.

„ cf. joharense Krafit.

,, solitarium Krafft.

Aspidites Muthianus Krafit.

,, superbiformis Dien.

,, nov. sp. ind. aff. superho VVaag.

Koninckites Yiidishthira Dien.

„ giganteus Krafit.

Xenodiscus Kapil i Dien.

,, Purusha Dien.

,, nivalis Dien.

,, nov. sp. ind. ex. aff. nivalis.

,, cf. trapezoidalis Waag.

,, asiaticus Krafit.

Flemingites Rohilla Dien.

Mufhensis Kraft't.

,, fjriesbachi Krafit.

c i ( 220
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Flemingites Salya Dieii.

„ sf. ind. ex. aff. Salya.

„ nov. sp. ind.

Ceratites pumilio Krafft.

Prionites nov. sp. ind.

Tirolites injucundus KrafEt.

Nanites hindostanus Dien.

„ medius Dien.

Pseudosa<jeceras multilobatum Noetl.

Hedenstroemia Mojsisovicsi Dien.

„ muthiana Krafft.

Sibirites spitiensis Krafft.

There is only one single species, Nannites hindostanus Dien., which

connects the faunae of the Hedenstroemia beds and of the lower divi-

sion of the Lower Trias. Otherwise the two are separated much more

distinctly than those of the Meekoceras and Ophiceras beds.

The presence of the first true Ceratites, of numerous species of

Flemingites, of Hedenstroemia 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 Hedenstroe-

mia beds its pecuhar aspect.

On the top of the Hedenstroemia beds there follow lithologically

similar beds of shales and limestones having a thickness of about 6 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. himaica Bittn.
,
corresponds

to a layer, which in Painkhanda has been included in the lower

Muschelkalk by Griesbach 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 clifi near Rimkin Paiar by C. L. Griesbach, C. Diener and

F. Noetling.

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

( 221
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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-
clionella 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 Griesbachi. In l!JOO 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.

Fig. 1

—

Detailed, sections through the Lower Trias near Liking (left) and of the
Shalshal cliff (right).

Figures corresponding to the text on pp. 16 and 22.

( 222
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Although the correlation of tliose horizons has been the subject of

many discussions, the learned authors who have examined the section of

the Shalshal chfE, agree entirely regarding the actual sequence of the

Lower Triassic beds. According to Noetling's' and Diener's observa-

tions, this sequence is as follows, in descending order 2 :—

9. Hard, splintery, nodular limestone (Niti limestone) 60 feet.

8. Eartliy, grey limestone, shaly near base, with Rhynchonella

Griesbachi and Sibirites Prahlada : 'A ft.

7. Thin-bedded, grey limestone, with regular partings of shale,

containing Flemingites Rohilla and Pseudomonotis himaica

near top : 25 ft.

6. (irey limestone, divided into two bands by a shaly parting

No determinable fossils : 5 ft.

5. Dark concretionary limestone, containing the main-layer of

Meekoceras Markhanii and M. Varaha : 8 ins.

4. Dark-blue shales, separated by a band of grey limestone.

Unfossiliferous : 18 ft.

3. Dark blue limestone, with Otocems Woodivardi and Ophiceras

tibeticiim : 5 ins.

2. Dark hard clay, with limestone concretions, containing very

few fossils {Episageceras Dalailainoe, Proptychites Schei-

bleri) : 1-| ft.

1. Dark-blue limestone, main-layer of Otoceras Woodward/, and

Ophiceras Sakuntala. Near top very rich in Pseudomonotis

Griesbachi : 1 ft.

Productus or Kuhng shales. Dark, thin-bedded shales, with

partings of concretionary limestone.

Of the section of Kiunglung, e.ij., on the southern slope of the Niti

pass, our knowledge is less complete.

1 F. Xoetling : Ueber das Alter der Otoceiasschichten von Rimkiu Paiar (Pain-

khanda) im Himalaya. Neues Jnhrb. /. Miner, etc., Beilagebd, XVIII, 1904, p. .'541
;

Lethoea rnesozoica Bd. I. Asiatisclie Trias, 1905, pp. 128, 149.

- Noetling's measurements, as given on pages 541 and 544 of liis meinuir on tlie

age of the Otoceras beds of Riinkin Paiar, do not agree. On p. 541 the tliickness

of unfossiliferous beds between beds 3 and 5 is estimated at 10 feet, wliereas it is

estimated (more correctly) at 6 metres on page 544. The thickness of the Heden-

strnemia beds is given as 20 feet on p. 341, whereas it is estimated at 10 or 12 metres

on p. 149 of the Lethmi rnesozoica (Asiatische Trias, I. c). The higher ligures agree

better with Griesbach's and niy own measurements.

( 223 )
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Hed 1 is the main layer of Oloceras Woodwanli Griesb.. which is, how-

ever, far inferior to 0. Sahmfala in number of individuals. From bed

2 two speoiniens of ammonites only are known to me. Both were

collected by myself in 1892. There is no specimen from this bed either

in Noetling's or in A. v. Krafft's collections. My species are :

—

Episageceras Dalaikimoe 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 fibeticuiii, which occurs also in bed 1, still persists

together with the genus Otoceras, which is, however, rare and represented

there by a variety of 0. Woodwardi.

Those three beds, with their uniform fauna can therefore be united

in 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 :

Grypoceras brakmanicum Griesb.

Episaqeceras Dalailamoe Dien.

Otoceras Woodwardi Griesb.

,, midatum Griesb.

,, Clivei Dien.

,, Draupadi Dien.

,, fissisellatum Dien.

,, Parbati Dien.

HmK/arifes sp. ind.

Ophiceras Saktmtala Dien.

„ tibeticum Griesb.

medium Griesb.

gibbosom Griesb.

demissam 0pp.

„ plychodes Dien.

„ serpentinum Dien.

„ stricturatuni Freeh et Noetl.

Meekoceras Hodgsoni Dien.

( lU
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Projptycfiites Scheibleri Dien.

Prosphingites Kama Dien.

,, 7iala Dien.

Xenodiscics himalayanus Griesb.

Vishnuites Pralambha Dien.

On the top of bed 1, Pseudomonotis (Claraia) 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-iauna, discovered by

NoetUng in 1900.

It is less rich in species than in the Spiti sections, the commonest

types being Meekoceras Markhami Dien. and M. Varaha Dien. Besides

these we have to enumerate :

—

Meekoceras shalsJialense Krafft.

Aspidites spitiensis Krafft.

and with great probability at least, Meekoceras boreale Dien., and, ac-

cording to Noetling {Lethoea mesozoica, 1. c, p. 149), Meekoceras cj.

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

Woodicardi). 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

( 225
)



tOWER TRIAS : JOHAR. 25

sections S. E. of Muth. The following Cephalopoda have been collected

by Griesbach and Diener':

—

Pleuronautilus Dieneri Kraft't.

Xenodiscus nivalis Dien.

Piirusha Dien.

Flemingites Rohilla Dien.

Proavites Sisupala Dien.

Pseudomonotis himaica Bittn. and Ps. decidenft 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 topmost 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 subrobusii (Durgaites) as a subgenus of Muschelkalk, not of

Lower Triassic, age.

The name " Subrobustus beds " must consequently be discarded and

replaced by the name " Hedenstroemia beds," which was introduced

for this rock-group (horizon of Flemingites Rohilla) by A. v. Krafft.

c. Eastern Johar.

The presence of marine sediments of Lower Triassic age in Eastern

Johar has been recorded by C. L. Griesbach and by T. D. La Touche

in several sections of the Dharma and Lissar valleys.

1 To this list Hedenstroemia Mojsisovicsi Dien. has been added by Noetling

{Lethoea mesozoica, I. c, p. 149), but the specimens have not been found among the

Lower Triassic materials belonging to the Geological Survey.

( 226
)



•2(1 DIKNKR : TRIAS OV THE HIMALAYAS.

The Lower Trias seems to be developed in a facies of dark limestones

and shales in the lower, and of liglit 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 Himalayas, 1. c, p. 175).

Palaeontologically those two divisions are well characterised by two

different associations of fossils, which can be easily distinguished among

tlie 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 {Claraia) Grieabachi Bittn.

Xenodiscus himalayanus Griesb.

,, cf. rofyula Waag.

Opliiceras SaJamtala Dieii.

Propli/chites Lypicus Krafft.

Meekoceras boreale Dien.

,, dubium Krafft.

Asyidites Vidarbhu Dien.

The upper division of the Lower Trias (Hedenstrtemia beds) is indi-

cated by Xenodiscus Purusha Dien.

d. Byans.

The Lower Trias of Byans 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 150

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, choco-

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, Ophicerus cf. serpentinum Dien., is characteristic of the

Otoceras stage. The rest are chiefly elements of the Meekoceras fauna,

namely :

—

Meekoceras boreale Dien.

,, dubium Krafft.

(
^••i''
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Meekoceras jolinkense Kraftt.

Aspidites aiiiticHsIs Krafft.

,, Vidarbha Dion.

FropLi/chites typicus Kratt't.

Xenodiscus radians Waag.

„ rotula Waag.

The presence of the upper division of the Lower Trias in the

chocolate htnestone of Kalapani, LiUnthi, JoHnka and Kuti is indicated

by the following species of ammonites :

—

Flemingites cf. Griesbachi Krafi't.

Hedenstrcemia Mojsisovicsi Dien.

acuta Kafft.

From Jolinka only the following species of Sibiriies are known :

—

Sibrites spiniger Krafit.

robustm Krafft.

„ sp. ind. aff. robusto.

,, stephanitiformis Krafit.

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 Jolinka a pecuUar element is represented by the

genus Sibirites, which is comparatively rich in species and was legai ded

by the late Dr. A. v. Krafit as indicative of a special pateontological

horizon.

e. Kashmir.

Lower Trias was not until recently known with certaintv from any

part of Kashmir, but A. v. Kraft't insisted that it was represented there

for the following reasons^ :

—

Among the Triassic fossil material sent to him for description, A.

Bittner discovered several specimens of a Myophoria. which belongs to

the group of M. ovata of the Alpine Werfen beds {Myophoria sp. ind. ex

alj. ovatce Goldfuss). - The specimens had been collected by Stoliczka in

A. V. Krcafft : Zur unteren Trias von Spiti. Centralhlatt f. Mineral, etc., 1901,

pp. 197-199.

- A. Bittner : Pulu onloloijiu Indica, ser. XV, Vol. Ill, pt. 2, p. 67.

( 2^8
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the Dras valley, and originally determined by him as Megalodon

columhella}

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.- 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 Dankhar 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.

1 F. Stoliczka : Memoirs, Geol. Surv. of India, V, p. 349.

2 Sitzungsber. kgl. Akad. d. Wissensch. Muenchen, 1865, II, p. 348.
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The rocks in the neighbourhood of Dankhar are therefore of such

a 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 Sclilagintweit, 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 0pp. (coll. Schla-

gintweit) described by Diener (Muschelkalk Cephalopoda, 1. 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. ovatce 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. Noetling ^ also claims the discovery of Lower Triassic beds in

Kashmir. "Near Pastuni, three days' march from Srinagar "—he

writes—"I collected a faunula of Cephalopoda in a hard dark blue

limestone. They have not yet' been examined, but from a prehminary

comparison with other Himalayan faunae 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 Hedenstroemia beds."

1 F. Noetling : Asiatischi Trias, Lethcea mesozoica, I. c, p. 172.
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F. Frech^ infers the presence of beds of Lower Triassic age iiiLadakli

from a new examination of Ammonites peregrinus Beyr. in the Museum
of Berlin. The specimen had been collected by the missionary Proch

now and described by K. Beyrich in 1864 and 1867.' From the illus-

trations and descri])tions I did not dare to decide whether the poorly

preserved fragment belonged to an ammonite of Muschelkalk or Lower

Triassic or even Permian age." Freeh, however, on the strength of a

personal examination, includes it in the genus Fleminqiten Waag., thus

proving the presence of the Hedenstroemia stage.

The recent researches of Hayden' and Middlemiss"' in the Vihi

district have done mucli 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 Pseudomonotis, BeUerophon, Xenodiscus,

Flemingites. The sections in the Guryul ravine and east of it have been

examined in detail by C. S. Middlemiss (1. c, p. 303). 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, Meekoceras cf. lilangense

Krafft points to the Meekoceras stage, wliereas Xenodiscus of the

group of X. Purusha and the sharp-keeled ammonites recalling Heden-

stroemia suggest the presence of a younger (Hedenstroemia) stage.

Equivalents of the lowest (Otoceras) stage have not as yet been found

in Kashmir.

/. 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

1 F. Freeh : Triasammoniten aus Kashmir. Centralbl. f. Miner, etc., 1902, p. 1.34.

2 E. Beyrich : Monatsber Kgl. A lead. d. Wissensch . Berlin, 18 January 1864,

f).
.58, and " Ueber einige Cephalopoclen aus dem Muschelkalk der Alpen, etc.,"

Abhand. kgl. preuss. Akad. Berlin, 1866. No. 2, p. 123, Taf. V, fig. 4-

3 Cephalopoda of the Lower Trias, Fnlo'ont. Ind., I. c, p. 1.

* Records, Geol. Sun: of India, XXXVI, (1907), p. 2.3.

5 C. S. Middlemiss : Gondwanas and related marine sedimentary systems of

Kashmir. Records, Oeol. Surv. of India, XXXVII, (1909), p. 297-
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agree very closely, altliougli their distance apart is 130 miles. The

Ijower Trias in both districts consists oi' darlc limestones alternating

witli shales. In the lower division, following above the Permian

Killing, or Produotus, 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 than the

lower one, 30 feet to (3 feet, whereas in the 8halshal clif? tiiis 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 Spiti.

The lower division contains three fossiliferous horizons in Spiti and

four in Painkhanda, but in both regions the topmost horizon only has

yielded a fauna which is distinguished from that of the lower horizons.

The lower horizons represent the Otoceras beds sensu stricto.

In 1901 two different zones were distinguished in the Otoceras beds

of Painkhanda by Noetling,' the lower containing the fauna of

Otoceras Woodivardi, the upper being characterised by the predominance

of Ophiceras libeficuni. In 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 tiheticum Griesb.

2. ,. ,, Episayeceras Dalailamoe Dien.

1. ,, Otoceras Woodwardi Griesb.

Noethng's statement that those ' three zones are sharply separated

faunistically " is contradictory to the facts, as I have tried to show in

my memoir on the stratigraphical position of the Otoceras beds.'' A
distinction of separate palaeontological 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 palaeontological indejiendence

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 faunae do not correspond exactly. The

1 F. Noetling in Lethcea palceozoica, Vol. II. Dyas, p. 656.

- F. Noetling, Neues Jnkrb.
f. Min., Beil. Bd. XVIII, 1904, and Lethoa mes.,

Asiatische Trias, 1. e., p. 132.

3 C. Diener : Ueber die stratigrapliische Stellung der Otocera.s beds des Himalaya

,

Centralbl. 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 Episagecems Dalailamce 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. Krafit,^ but it is no

vaUd reason for dividing the fauna of the Otoceras stage into two

separate palaeontological 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 palaeon-

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 Noetling

(Asiatische Trias, 1. c, pp. 129, 130) :—

5. Dark, concretionary limestone, with Meekoceras

Markhami Dien. ..... cm. 20

4e. Dark blue shales ...... 2m. 80

id. Hard, grey limestone ..... 17

4c. Dark blue shales ...... 25

46. Hard, grey limestone ..... 30

4a. Dark blue shales ...... 2m. 50

3. Hard, blue, very tough limestone, with Ophiceras

tibeticum Griesb. ..... 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. Svrv. o / India, 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 oi their

faunae in 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 Meekoceras Varaha and M. lilangense 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 the upper division of the Lower Trias in Painkhanda

and Spiti a single and uniform fauna only has been found. This is the

fauna of the Hedenstroemia beds or the zone of Flemingites Rohilla. It

differs considerably from that of the Meekoceras beds. The genus

Meekoceras is chiefly represented by large species belonging to the sub-

genera Aspidifes and Koninckifes. Xenodiscus, Flemingites and Heden-

stroemia have reached their maximal development

In the topmost beds of the Hedenstrcemia stage of Spiti a bivalve

facies, with Pseudomonotis hmaica Bittn. as leading fossil, makes its

appearance, but the stratigraphical independence of this bivalve lime-

stone as a distinctly marked palseontological horizon is very doubtful.

The fourth and youngest fauna of Lower Triassic age is hitherto

known from one locality in Byans only.

A small faunula collected by F. H. Smith near Jolinka has been attri-

buted by A. V. KrafTt to a stratigraphically well defined bed, not far

from the top of the chocolate limestone. It represents the zone of

Sihirites spiniger and consists exclusively of species 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 palseontological zone in the Hedenstroemia beds

of Spiti.

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

A large area of Lower Triassic sediments is exhibited in the 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 faunae, 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. KrafTt,

Noetling and Diener indicates considerable confusion, and the inference

to be drawn from a study of its results is that the palseontological

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. 1, 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 faunae, that of

Jolinka consisting exclusively of species of the genus Sihirites, one of

them very closely allied to Sibirites {Ceratites antea) inflatus Waag.

The Hedenstroemia beds are in a general way equivalent to the

upper division of the Ceratite marls (in Noetling's interpretation) or to

the zone of KonnicJcites volutus Noetl. and to the Ceratite sandstone

{Fleminyites Flemingianus beds).

The Meekoceras beds probably correspond to the lower division of

the Ceratite marls {zone of Prionolobus rotundatus 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 hthological deve-

lopment in the two regions and to the absence of the most characteristic

elements of 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

palaeontological evidence, not one single identical species having been

found in the two horizons.

The special development, which the Lower Triassic faunae 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 Noetling 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 quahfied to

determine the relations of the lower Himalayan Trias with the Ceratite

formation of the Salt Ranj?e :—

Himalayas
Salt Range

Noetling, 1905, Diener, 1908,

Zone of Sibirites spiniger

(Byans).
Upper Ceratite limestone. Upper Ceratite lime-

stone.

Hedenstroemia beds (zone of

Ceratite sandstones. Ceratite sandstones.

Flemingites Rohilla).

Ceratite marl. Ceratite marl.

Meekoceras beds (zone of

Meekoceras Marhhami).
Lower Ceratite limestone. Lower Ceratite lime-

stone.

Otoceras beds (zone of

Otoceras Woodwardi).

Zone of Euphemus indicus

(Upper Productus lime-

stone).

Unfossiliferous clay and
shales.

Kuling (Productus) shales.
Upper Productus Lime-
stone.
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h. Correlation with the loiver Trias of Europe, North America and

Siberia.

Until the examination of Hayden's and A. v. KrafEt's fossil materials

from Spiti the evidence for the Lower Triassic age of the Hedenstrcemia

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.

Noetling' in his discussion of the age of the Otoceras beds thinks

that the fauna of the Hedenstrcemia 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 - he even em-

phasizes the assertion that the presence of Lower Trias in the Hima-

lavas merely rests on pateontological 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 Hedenstrcemia beds, which have been discovered among the Cepha-

lopoda fr m the latter group, are sufficient to show that those two

stages may be placed in general parallelism. These three species of

Cephalopoda are :

—

Tirolites injucundus KraiJt.

Xenodiscus asiaticus Krafft.

Meekoceras pseudoplanulatum Krafit.

Tirolites injucundus is an ammonite of the group of Tirolites

spinosi, and its discovery in the Himalayas has been so much the more

astonishing, because the absence of Tirolitinoe 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 Paraceratites prior Kittl.

from the Campil beds of Muc by some very subordinate details only.

A near affinity of Meekoceras pseudoplanulatum to Meekoceras caprilense

Mojs. from the Campil beds of the south-eastern Tyrol is also extremely

probable.

1 Neuea Jahrh. f. Miner., Beil. Bd., XVIII, p. 561.

^ Asiatische Trias, Jjdhcea mesozrdca. 1. o., p. 125,
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Thus a solid base for a direct correlation between the Hedenstroemia

beds of the Himalayas and the Alpine Campil beds has been established

by A. V. Kraft't's and Hayden's discoveries. Nevertheless the affinities

of the two faunae are rather distant, all the naarly 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 faunae had hitherto been separated,

has been bridged over —partly at least -by the interesting discovery of

Campil beds in North Albania in a development of red limestones

(Hallstatt facies). This is a cephalopod facies of the Campil or upper

Werfen beds formerly unknown in Europe, which has yielded a con-

siderable number of fossils near the village of Kcira, about 25 km.

to the east of Skutari. The fossils, which were collected by F. v.

Nopcsa in 1906 and 1907, have been described by G. v. Arthaber,^

who correctly refers to the astonishmg association of Mediterranean,

Indian and Pacific types. The Indian types even predominate in

number. Among them the following may be mentioned :

—

Pseudosageceras multilobatum Noetl.

Xenaspis mediterranea Arth.

Nannites Herbert i Dien.

Monophyllites Hara Dien.

Meekoceras marginale Arth.

Hedenstroemia 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 faunae 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 faunae of

both regions became possible within certain limits.^

' G. V. Arthaber : Ueber die Entwicklung der Untertrias in Albanien und ihre

faunisti.sche Bewertung. Mitteil. Geol. Ges. Wien, I, 1908, pp. 245-289.

- New researches in 1908 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 favourable 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 afhnities

between the Lower Triassic faunae 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 difEerences 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 Meekoceras 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 association of Mediterranean, Pacific and Indian elements

in this fauna.

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

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

communication, that both the Indian and Pacific elements far exceed the Medi-

terranean ones. Columbites and Pseudosageceras are represented in large numbers

in the new collections. The local iieculiarities are rather remarkable. A striking

character is the presence of a primitive stock of generalized forms, which might

be considered as radicles of different tyjjes of Ceralilidu: and of Monophyllites.

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 North America, V. S.

Geol. Survey, Profess. Pap. No. 40, Washington, 1905—J. P. Smith : The strati-

graphy of the Western American Trias. Sonderabdr, aua Koenen Festschri ft, 1907,

pp. 377-394.
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Now the most important moment in the geological history of Idaho

during the Lower Triassic epoch, the opening of a new connection be-

tween the American and Mediterranean regions at the beginning of the

Tirolites 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 Hedenstrocmia 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 regioji was never counterbalanced by

an incursion of American forms into the Indian province. The

American Meekoceras-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 province.

Near affinities are therefore restricted to the fauna of the American

Meekoceras beds, but this fauna shows, indeed, a strong kinship both

with the fauna; of the lower and upper divisions of the Himalayan

Lower Trias. Not less than twelve genera are common to both regions,

namely, Meekoceras, Aspidites, Koninckites
,
Flemingiies, Xenodiscus,

Ophiceras, Pseudosageceras, Hedenstroemia, Sihirites, Proptychites,

Nanniies. Tirolites.

There are equally close relationships with the fauna of the Meeko-

ceras beds of the Himalayas and of the Hedenstroemia beds. There is

a small number of very characteristic species, which point to a direct

correlation with the Hedenstroemia beds. Hedenslrcetnia Mojsisovicsi

is represented in America by R. Kosstnati, Pseudosayeceras inuUilobuturn

by Ps. intermontanum, Flemingites Salya by Fl. 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 Spiti.
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Four species of Ophiceras, among them 0. cf. Sakuntala Dien. and 0. cf.

gibbostim 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 Hedenstroemia beds, which, according to his view have been

placed too high in the column by Diener. But the Hedenstroemia

beds cannot be regarded as equivalents of the Alpine Seis beds, since

their fauna is undoubtedly homotaxial with the fauna of the Campil

beds, as is evident from its affinity to the fauna of Kcira in Albania.

The presence of a species of Tirolites in the Hedenstroemia beds and

the persistence of a small number of Indian types in the Columbites

beds of Idaho are rather in favour of a correlation of the Heden-

stroemia stage with the higher subdivisions of the American Lower Trias.

Although there is a great probability of a liomotaxis of the

Hedenstroemia beds 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 Hedenstroemia 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 j^rovince of Eastern Siberia ^ 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 referable to Ophiceras Sakuntala Dien. indicates,

perhaps, also a correspondence with the Ophiceras bed of the Otoceras

stage.

1 C. Diener : Tiiadische Cephalopodenfaunen der ostsibirischen Kuestenpro-

vinz. Mem. Com. Geol. St. Pelersbourg, 1895, Vol. XIV, No. 3.

( ^'11 )
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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.'

Ammonites of Lower Triassic age, which can, however, not be as-

signed to a definite stratigraphical horizon, have been quoted from

Yunnan by Douville, 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 Hedenstroemia stage with

the Olenek beds of Northern Siberia. The richest Triassic fauna from

Siberia hitherto known has been collected from a concretionary lime-

stone imbedded in dark shales, at the mouth of the Olenek river. Not

less than forty species of Cephalopoda have been described by E. v.

Mojsisovics.'- 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 Campil 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.^

His opinion is supported by the three following arguments :

—

(1) Ceratites {Ket/serlingites) subrobustus Mojs. has its habitat in the zone

of Spiriferina Stracheyi of the Himalayan Muschelkalk
; (2) in 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 difterences between the faunae 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-

gebietes, etc., ibidem. Vol. VII, No. 4, 1899. P. v. Wittenburg : Neue Beitraege

zur Geol. und Palaeont. d. Werfener 8cliicliten Suedtiiols mit Berueckvsichtigung

der Schichten von Wladiwostok. Ceniralhl. f. Min., 1908, p. 67. Notiz ueber
Trias und Jura bei Wladiwostok. Neues. Jahrb. /. Min., 1909, Bd. I, p. 1.

2 E. V. Mojsisovics : Arktische Triasfaunen, Mem. Acad, imper. des sciences,

St. Petershourg, 1886, VII. Ser., Vol. XXXIII. Ueber einige arktische Triasam-
moniten des. noerdl. Sibuien. ibidem, 1888, Vol. XXXVI, No. 5.

F. Noctling : Asiatiache Trias, Lelhwu ?nesozoica, I, 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 {Ceratiies 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 Hedenstroemia beds by typical species of the group

of circumplicati {Hollandites). There are some affinities between the

Olenek fauna and the Hedenstroemia stage, but none at all with the

Himalayan Muschelkalk. Hedenstroemia Mojsisooicsi Dien. is either

identical or very closely allied to the Siberian species, which has been

described as Meekoceras sp. ind. aff. Hedenstroemia 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 Freeh, especially between Xenodissus rotula Waag. and

X. hyperborosiis Mojs. But the most important argument in favour

of a correlation with the Hedenstroemia beds is the occurrence of

Xenodiscus, Meekoceras, Aspidites, Hedenstroemia 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 faunistic 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 NoetHng is certainly right in assuming that the

connection of the Indo-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.

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 Noetling's

studies in the Salt Range.

1 C. Diener : Das Alter der Olenekschichten Sibiriens. Centralblatt. /. Min.>

etc., 1908, p. 2.33.
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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 Ruling, 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).

Waageni correlated the Himalayan Otoceras stage with the

Otoceras beds of Julfa 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 palaeozoic ones
"

(1. c, p. 232).

The correlation with the Permian Otoceras beds of Julfa was refuted

by E. V. Mojsisovics,^ because the species of Otoceras in the last

mentioned deposits occupy a remarkably lower stage of development

than the Indian 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 1897 C. Diener,^ 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 faunae of Julfa and of the

1 VV. Waagen : Salt Range Fossils, Palosont. Ind., ser. XIII, Vol. IV, Geologi-

cal Results, p. 225.

3 E. V. Mojsisovics : Voilaeufige Bemerkungen ueber die Cephalopodenfaunen

der Himalaya-Trias. Sitzgsber. kais. Akad. d. Wissensch. Wien, 1892, CI, pp.

372-378.
s E. V. Mojsisovics, W. Waagen, C. Diener : Entwurf einer Gliederung der pelag-

ischen Sedimente des Triassystems, ibidem, CIV, 1895, p. 1286.

* C. Diener : Himalayan Fossils, Palceont. hid., ser. XV, Vol. II, Pt. 1.

(
?-4i
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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 Julfa, 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 Seis beds has 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 of 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. Noethng 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 the sequence of the

Salt Range between the Permian Productus limestone and the

Ceratite beds. Noetling, who was deputed to the Salt Range, found

Waagen's statement contradicted by 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 impossibiUty. He also reported that he had discovered

Otoceras in the Ceratite marls, which must consequently be correlated

with the Himalayan Otoceras beds.^

i= Campil beds (V. v. Richthofen).

~ A. Bittner : Himalayan Fossils, Paluonl. Ind., ser. XV., Vol. Ill, Pt. 2, pp.

74, 76.

3 F. Xoetling : General Report, Geol. Svrv. of India, 1899-1900, p. 42.— Uebcr

die AufSndung von Otoceras sp. in der Salt Range, Ntucs 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.

NoetUng's view set forth in his paper in the Neues Jahrhuch

was answered by Diener,' 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 Werfen) beds.

NoetUng's next paper- 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.'' In the next season, however, he took an

entirely different view of the subject. He divided the series between

the Kuling shales and the Hedenstroemia beds into three palseonto-

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

bed s. s., is correlated with the Chideru group or Upper Productus

Limestone, on the strength of an identification of Medlicottia (Episage-

ceras) Ddailamce Dien. with Medlicottia Wynnei Waag. from the

zone of Euphemus indicus in the Salt Range.*

1 C. Diener : Ueber die Grenze des Perm-und Triassyst^ms im ostindischen

Faunangebiet, Centralbl. f. Miner., etc., 1900, p. 1.

2 F. Noetling : Die Otoceras beds in Indien, Centralblatt. f. Miner., etc., 1900,

p. 216.

^ A. V. Krafft : Stratigraphical notes on the mesozoic rocks of Spiti, Gen. Report,

Geol. Sur. of India, 1899-1900, p. 203.

A. V. Krafft : Ueber das permische Alter der Otoceras-Stufe des Himalaya,

Centralbl: f. Miner., etc., 1901, p. 275,
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This paper was again answered by Diener, who refused to admit

the identity of the two species of Medlicottia [Episageceras)}

In the meantime an extensive memoir on the Permian and Triassic

rocks of the Salt Range was published by Noetling.- 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

Celtites 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 fuUy in a chapter of the

Leihoea Paloeozoica, dealing with the Permian rocks of the

Himalayas,' and support has been given to them by F. Freeh,*

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 in Noetling's system of

correlation.^

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 witli its uniform fauna into three palaeontological

1 C. Diener : Ueber das Alter der Otoceras beds des Himalaya, ibidem,

p. 513.

2 F. Noetling : Beitraege zur Geologie der Salt Range, insbesondere der

permischen und triadischen Ablagerungen. Neues Jahrb.
f.

Min., etc., Beilagebd.

XIV, p. 467.

3 F. Noetling : Die Dyas des Himalaya, Lethoea pilceozoica, II, p. 653.

* F. Freeh : ibidem, p. 577.

* C. Diener : Zur Frage des Alters der Otoceras beds in Himalaya, Centralbl. f.

Min., 1901, p. 655.
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zones and draws tlie boundary between tlie Permian and Triassic

systems below the Meekoceras beds.'

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 palaeontological nor historical reasons were

valid for a decision in favour of Noethng's opinion.'^ In a subsequent

paper on the genus Episageceras Noetling himself admitted the

incorrectness of A. v. Krafft's identification of Episageceras Dalailamoe

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.'^

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 palaeontological point of view the classification of the

beds included between the Ruling, or Productus, shales, of undoubtedly

Permian age, and the Hedenstroemia stage, as proposed by

Noetling, 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 Hedenstroe-

mia stage with the Campil beds of the Eastern Alps has been proved

by the recent discovery of the fauna of Kcira in Albania. The

Otoceras beds have been included with the Permian system by Noetling,

1 F. Noetling : Ueber das Alter der Otoceras Schichten von Rimkin Paiar

(Painkhanda) im Himalaya. Neues Jahrh. /. Mineral, etc., Beilagebd., XVIII,

p. 518.

2 C. Diener : Ueber die stratigraphisclie Stellung der Otoceras beds im Himalaya,

Centralbl. /. Miner., etc., 1905, pp. 1-50, 36-45.

2 F. Noetling : Ueber Medlicotlia und Episageceras aus den permischen

und triadischen Schichten Indiens. Neues Jahrh. /. Mineral, etc., Beilagebd., XIX,
p. 369.

^^Lethcea palceozoica, II, p. 656.

5 Asiatische Trias. Lethcea mesozoica, Bd. I, Trias, 2 Lieferg., 1905,

p. 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 Ruling shales to the Hedenstroemia 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 fossils from Spiti and

Painkhanda by A. v. Krafft and C. 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 Hedenstroemia beds and the Productus

shales. Nevertheless he draws his boundary below the Meekoceras beds,

not above them, where the lithological change is certainly marked more

sharply. But I shall not insist on this objection to his division 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 discovered

horizons into their proper places in systematic classifications already

established. Such correlations, however, can be made with any precision

on palceontological 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, which in many

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-

gic der Umgebung von Sarajevo. Jahrb. K. K. Geol. Reichsansi., 1904,

( 249
)



THE PEEMO-TRIASSIC BOUNDARY. 49

LIII. 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, Verhnndl. K. K.

Geol. Reichsanst., 1908, p. 26.3).

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.

Noetling had indeed no palaeontological 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 Dalailamoe 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,

11, Formationskunde, 3. Aufl. 1908, p. 301) or Steinmann {Einfuehrung

in die Paloeontologie, 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 Himalayan forms. The

Armenian species of Otoceras are associated with a rich fauna of dis-

tinctly Palaeozoic aspect. The numerous types of Productidce, OrtJiidoe,

Spiriferidoe, Gastrioeeras , differ so widely from anything that is seen in

the fauna of the Indian Otoceras beds, that the presence of the genus

Otoceras at Julfa 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 Julfa. 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 Jiilfa, are leading fossils of the Upper

Permian, but the ijenus Otoceras is not.

A similar remark applies to Epimgeceras Dalailamce. The genus

Episageceras in Noetling's interpretation is represented by three species

only. Episageceras Wi/nnei Waag., from the Upper Productus lime-

stone of the Salt Range, E. Dalailamoe Dien., from the Otoceras beds of

the Himalayas, E. latidorsatum Noetling from the zone of Prionolohus

rotundatus (lowest Ceratite marls) of the Salt Range. In its sutures

E. Dalailamoe agrees more nearly with the Permian E. Wi/nnei than

with the Triassic E. latidorsatum. This affinity is considered sufficient

for claiming a Permian age iov E. JQalailanios. 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. Dalailamoe and

E. Wynnei cannot be corrected by interpreting E. Dalailamoe 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 Episage-

ceras Dalailamoe 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 Otoceras, 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 palaeontological 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

Mesozoic horizon, the overwhelming majority of the ammonites being

provided with ceratitic sutures. This character is not exhibited in any

Ferniian cephalopod fauna hitherto known.

Among the genera of ammonites Meekoceras^ and Ophiceras are in

commoi\ with the fauna of the Triassic Meekoceras beds. Proptychites

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.

Meekocemf cf. Hodgsoni 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. Dieneri Hyatt et Smith to 0. demissum 0pp.''

All the numerous types of Palaeozoic brachiopods, which are the

predominating and most characteristic element both in the Productus

Limestone of the Salt Range and in the Ruling 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

paiseontological break or hiatus at the base of the Otoceras beds. In

the Himalayan region there is certainly no gradual shading-off from a

Paloeozoic to a Mesozoic marine fauna through an intermediate group,

but a sharply defined limit, which none of the characteri ,tic species of

Permian brachiopods transgresses. This absolute distinction between the

brachiopods of the Ruling shales and of the Otoceras beds is so sharp

that the limit bettveen the two faunae offers itself as the most natural

boundary of the tivo systems.

I must object strongly to Noetling's criticism upon the importance

of the absence of the Palaeozoic brachiopod fauna from the Otoceras

1 Noetling's repoi't of the absence of tlie genus Meekoceras from the Otoceras

stage has turned out to be incorrect.

2 J. P. Smith : The stratigraphy of the Western American Trias, 1. c, p. .394.

3 A. Hyatt and J. P. Smith : Triassic cephalopod genera of America, 1. c, pp. 118,

119.
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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 Palaeozoic 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 Palaeozoic 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 Palaeozoic 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 Palaeozoic brachiopods

the positive evidence of a faunula of Triassic lamellibranclis 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 the method 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 BeUerophonkalk, 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 laniellibranclis two are allied very closely to

types from the Seis beds, Pseudomonotis (Claraia) Grieshachi Bittn. to

Claraia ovata Schaur., and a species of Avicula to the common A. Vene-

tiana v. Hauer. Brachiopoda of Palaeozoic 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 faunae of the Punjab. From this locality the following

species have been quoted by Schellwien ^ :

—

Richthofenia aff. Lawrenciana de Kon.

Productus indicus Waag.

„ Ahichi 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.^ 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 homotaxis 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.'^ belongs to a genus which has also

1 E. Schellwien : Mmatsber, d. Deutschen Geol. Ges., 1905, p. 35 f.

2 G. Caneva : Ueber die Bellerophonkalk fauna. Zur Frage der Perm-Tiiasgrenze

Neues Jahrb. f. Mineral, etc., 1906, II, pp. 52-60.

^ C. Diener : Ueber ein Vorkommen von Ammoniten und Orthoceren im 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,' 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 {Paloeont. 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 Ruling shales. It is

rich in gasteropods and bivalves, and recalls the Bellerophon limestone

of the South-eastern Alps. With the fauna of this remarkable horizon

it has jirobably one species, Bellerophon Vigilii Stache, in common. The

predominance of European Permian types in this limestone is an inter-

esting fact. Three species of bivalves

—

Modiolopsis Teplofji Vern.,

Solernya 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 palaeontological 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 beds).

^ A. Hyatt and J. P. Smith : Triassic cephalopod genera of America, I. c,

p. 130.
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The following table shows this correlation of Permo-Triassic beds

in the Eastern Alps and in India :

—

Eastern Alps. Salt Range. Himalayas.

Buntsand-

stein

Campil beds Upper Ceratite

limestone.

fiCxYxA of iSf? nivifp Q

spiniger.

Ceratite sandstones Hedenstrcemia beds.

Ceratite marls Meekoceras beds.

Seis beds with Cla-

rata sp., Bellero-

phon Vaceki, etc.

Lower Ceratite lime-

stone.

(Scythian

stage.)

Unfossiliferous beds

in the section of

Chideru.

Otoceras beds with

Claraia sp., Avicula

aff. Uenetiana, Belle-

rophon cf. Vaceki.

Upper

Permian.

Bellerophonkalk, with

Product us indicus,

P. A hichi Bellero-

phon Vigilii, etc.

Upper Productus

limestone.

Kuling shales (lime-

stone of Pomarang
with Bellerophon

Vigilii).

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.

IL The Middle Trias.

(Muschelkalk and Ladinic stage.)

rt. 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. Krafit 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 / Grey limestone with Ceratites Ravana .

3 e Grey concretionary Hmestone ....
3 d Shales with Spirijerina 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 (Niti limestone Noetl.)

1. Shaly limestone with Rhynchonella Griesbachi .

Fig. 2. Section through the Middle Trias along the Lingti river {from A. v. Krafft''

s

diary).

8. Daonella shales, with Daonella Lommeli.

7. Passage beds.

6. Upper Muschelkalk.

6a Main layer of Ptychites rugifer.

5. Zone of Spiriftrina Stracheyi.

4. Zone of Keyserlingites Dieneri.

3. Nodular limestone.

2. Limestone with Rhynchonella Griesbachi,

1. Hedenstrcemia beds.
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At the Bambanag clifE the following section was observed by A. v.

KrafEt in 1900 :—

4. Upper Muschelkalk witli numerous specimens of Ptijchites,

Hollandiles, Beijrichiles Khanikoffi 0pp., Gymnites Vas-

antasena, Dien, etc. . . . . . . .20 feet,

3 i Shales with many concretions, containing Spiriferina

Stracheyi ........ 2 feet.

3 h Dark grey limestone with Spiriferina Stracheyi and Spiri-

gera Stoliczkai ........ 1 foot.

3 a Black shales ........ 5 ins.

3 / Dark grey limestone with Keyserlingites Dieneri Mono-
phyllites Hara, M. Kingi, Spiriferina Stracheyi, Spirigera

Stoliczkai ........ 5 ins.

3 e Black shale ........ 2 ins.

3 d Limestone as 3 / containing Gymnites sp. . , .7 ins.

3 c Black shales ........ 5 ins.

3 b Limestone as 3 h with Monophyllites sp. and Dalmatites

Ropini Dien. ........ 6 ms.

3 a Black shales with Keyserlingites sp. .... 5-6 ins-

2. Nodular limestone (Niti limestone Noetl.) unfossili-

ferous . . . . . . . . .50 feet.

L Earthy limestone with Rhynchonella Griesbachi and Retzia

himaica ......... 3 feet.

In geological delimitation the Muschelkalk begins with the basal

limestone No. 1. 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 faunae 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 brachiopod fauna of Spiriferina

Stracheyi.
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3 a Shaly limestone with Keyserlingiles Dieneri.

2. Nodular limestone, unfossiliferous.

1. Earthy limestone, with Bhynchonella Griesbachi and Eetzia haimica.

Fig. 3. Section though the Middle Trias of the Shalshal cliff, opposite Rimkin

Paiar.

10. Shales witli H(dohir( comata.

9. Shaly limestone with Daonella indica.

8. Traumatocrinus limestone.

7. Passage beds (ladinic stage).

6. Upper Muschelkalk.

6 a Main layer of Ptychiies rugifer.

5. Thin beds of limestone with Spiriferina Slracheyi.

4. Shaly limestone with Keyserlingiles Dieneri.

3. Nodular limestone (Niti limestone).

2. Limestone with Rhynchonella Grieshnchi.

1 . Hedenstrcemia beds.

The recognition of these four subdivisions in the section of the

Shiilahal cliff settles for us several disputed questions, for thi^ section
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had furnished the basis for the classification of the Muschelkalk by

Griesbach and Uiener in which they had been particularly unfortunate.^

Those two authors distinguished a thin lower division with Brachio-

poda (Rhynchonella GrieshacJii), corresponding to No. 1, and a thick

upper division, corresponding to beds Nos. 2, 3, 4 in A. v. KrafEt'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 faunae were included in Diener's

list of species from bed No. 1, the fauna of RhyncJionella Griesbachi

which actually belongs to this horizon, and the fauna of Spiriferina

Stracheyi, which has its habitat in the shaly beds (No. 3) above the

Niti limestone.
•'-

This mistake was combined with a second one from which consider-

able confusion arose. It was the supposed discovery of a specimen of

Keyserlingites (group of Ceratites subrobusti Mojs.) in the Hedenstroemia

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 Spiriferina Stracheyi by A. v. Krafft, not in the

upper division of the Lower Trias, as suggested by Diener, the name
" Subrobustus beds " had to be dropped afterwards.

The two brachioj)od faunae of the zones of Rhynchonella Griesbachi

and Spiriferina Stracheyi (beds Nos. 1 and 3) were first distin-

guished by A. Bittner, ' but his view only depended upon palseonto-

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 palaeontologist's ability to interpret them will permit.

In 1899 A. V. Krafft ' ascertained the presence of the brachiopod-

bearing horizon with Spiriferina Stracheyi Salt, in Spiti between the

underlying mass of the Nodular limestone (Niti limestone) and the

1 Jahrb k, k. Geol. Eeichsansi., 1899, p. 692.

- In tlie classification adojited by the Geological 8ui-vey of India, this is known
as the " Nodular limestone " (see Buiraid and Hayden, Geography and Geology of
the Himalaya and Tibet, p. 239).

—

Editoe.

3 C. Diener: Ergebnissc einer gcologischen Expedition in den Cent ral-Himdlaya,
Denkschr. kais. Akad., LXII, 1895, pp. 571, 572.

General Report, Geol. 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 subrohustus antea). In 1900 he fixed the

horizons distinguished by the two brachiopod faunas in the Bainbanag

and Shalshal cliffs, showing that the upper one (bed 3) was characterised

by Spiriferina Stracheyi, and the lower one (bed 1) by Rhjnchonella

Griesbachi.

In Spiti this question was finally settled by H. Hayden's discovery

of the layer with Rhi/ncJionella 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. Krafft.^

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. KrafEt. Noetling includes bed No. 1 with the Hedenstroemia

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 Kinrji Bittn.

Retzia himaica Bittn.

Although Rhynchonella 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 layer 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, Ic. k. Geol. Reichsanst, 1901, p. 52.

2 H. Hayden : The Geology of Spiti, 1. c, p. 69.

3 Asiatische Trias, Lethosa mesozoica, 1. 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 Stracheiji have been found. ^ In Spiti, however, several

examples of this species have been collected in bed 36 of the section

near Lilang by A. v. Krafft.^ Now the question arises, whether

Sibirites Prahlada is restricted to bed 3 or ranges from the layer with

Rhynckonella Griesbachi into a horizon of undoubted Muschelkalk age.

No second specimen has been found in Painkhanda, neither in bed 1,

nor in bed 3 of the Bambanag and Shalshal cliffs.

Provided the species could be proved to have its habitat in bed

No. 1 of the Shalshal cliff, this might be accepted as a strong reason

for including the horizon of Rhynckonella Griesbachi with the Muschel-

kalk.

On the other hand two ammonites, which have been discovered in

the Niti ^ limestone of Spiti by H. Hayden, were identified with species

from the Hedenstroemia beds of Muth by A. v. Krafft.* 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.

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

~ 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 inain layer above, not
below the Niti limestone.

3 See footnote to p. 59.

—

Ed.
* H. Hayden, Geology of Spiti, 1. c, p. 67.

5 In General Report, Geol. Surv. of India, 1899-1900, p. 192, H. Hayden men-
tions'one species of Nautilidce, Grypoceras sp. ind. ex. aff. Palladii Mojs. from the
Niti limestone of Spiti.
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Leaving aside the horizon of Rhynchonella Griesbadu and the Niti

limestone, which in thickness is the predominating element of the

Middle Trias of Painklianda, 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 bedde^ 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
cliff,—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 Dieneri 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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Monoph/llites Hara Dien.

,, A'mf/( Dieii.

Twelve species are peculiar to Spiti, namely :

—

Ceratites (floUandifes) Vyasa Dien.

,, (Banuhites) cf. Kansa Dien.

Keyserlingites Pahari Dien.

„ pagoda Dien.

„ sp. ind. aff. Bungei Mojs.

Japonites cf. Ugra Dien.

Staclieites Webbianus Dien.

Sihirites Prahlada Dien.

Gymnites depauperatus Dien.

,, sp. ind. aff. Sanl'ara Dien.

Monophyllites (Mojsvantes) Conjucii Dien.

,, ,, Pradyumna Dien.

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 :

—

Orthoceras cf. multilabiatum Hauer.

„ cf. campanile Mojs.^

The most characteristic element in this fauna is the group of Keyser-

lingites Dieneri {Ceratites suhrobusti).

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 subrobustus 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)

' All the species quoted in this list have been described and illustrated in

Diener, Fauna of the Himalayan Muschelkalk, Pnl, Ind., ser. XV, Vol. V, Pt. 2.
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spinipUcaius, 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 Lamellihranchiata 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.

koeveskalliensis Suess.

The following species of Gastropoda and Lamellihranchiata must be

added to this list :

—

Pleurotomaria indica Blaschke.

Worthenia Dieneri Blaschke.

Tectospira gracilis Blaschke.

Omphaloptycha sp. ind.

Pseudomelania sp. ind.

Cardiomorpha (?) Haydeni Dien.

Lima sp. ind. aff. lineata Desh.

Posidonomya sp. ind. aff. pannonica Mojs.

The differences between the cephalopod faunae 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 0pp.

„ Kamadeva Dien.

,,
{Hollandites) Voiti 0pp.

„ ,, Ravana Dien.

„ „ Airavala Dien.

„ „ Visvakarma Dien.

„ „ Dungara Dien.
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Ceratites (Hollandites) Moorei Dien.

„ ,, Vyasa Dien.

„ Cecil ii Dien.

Beyrichites Khanikoffi 0pp.

Kesava Dien.

Acrochordiceras Balarama Dien.

Sturia Sansovinii Mojs.

Buddhaites Rama Dien.

Gymnites Jollyanus 0pp.

,, Sankara Dien.

Ptychites riu/ifer 0pp.

,, cochleatus 0pp.

,, Everesti 0pp.

Gerardi Blfd.

Sumitra Dien.

,, Mahendra Dien.

The following 44 species of Cephalopoda are confined to Spiti

Orthoceras spkiense Dien.

Mojsvaroceras kagoe Dien.

Germanonautilus cf. salinarius Mojs.

Syrutgonautilus spitiensis Stol.

Grypoceras Griesbachi Dien.

Paranautilus Bullockii Dien.

Ceratites trinodosus Mojs.

,, him(dayanus Blfd.

,, 673. m<i. ex. a^. Ahiclii Mojs.

,, superbijormis Dien.

truncus 0pp.

,, Devasena Dien.

,, Padma Dien.

,, (Hollandites) Hidimba Dien.

,, (Salterites) OberJmmmeri Dien.

(Haydenites) Hntschekii Dien.

Beyrichites proximus 0pp.

Cuccoceras yoga Dien.

Japonites cf. Dieneri Mart.

Isculites Hauerinus Stol.

Acrochordiceras cf. Carolince Mojs.
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Acrochordiceras sp. ind. aff. fusterico Mojs.

Monophyllites sphosrophyllus Haiier.

Pinacoceras Rajah Dien.

Gymnites incultus Beyr.

cf. Humboldti Mojs.

„ Mandiva Dien.

„ Kirata Dien.

„ religiosus Dien.

,, sf. ind. aff. subclausus Hauer.

Anagymnites Lamarcki 0pp.

„ cf. acutus Hau.

„ Torrensii Dien.

Ptychites cognatus 0pp.

„ Sukra Dien.

J,
Asura Dien.

Durandii Dien.

Vidura Dien.

„ Malletianus Stol.

impletus 0pp.

Mangala Dien.

Joannites cf. proavus Dien.

Proarcestes Balfouri OTpp. {=Escheri Mojs.)

„ s;j. mrZ. o^. 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.

,, {Hollandites) Nalikanta Dien.

Srikanta Dien.

Narada Dien.

Ananorites monticola Dien.

Japoniles 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.

Pseudodanubites Dritarashtra Dien.

An exposure of Muschelkalk, probably rich in beautifully preserved

fossils, but not yet examined thoroughly, was discovered by Griesbach

on the eastern slope of the Tsang Tsok La (Hop Gadh) in Hundes. It

has yielded the following species :
—

Ceratites {HoUandites) Hidimha Dien.

Beyrichites Khanikofji 0pp.

Ptychites Govinda Dien.

Proarcestes Balfouri 0pp.

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.

6. 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 StracJieyi Salt, from the Tsarap valley (Zanskar basin)

points to the lower division of the Muschelkalk (group No. 3).

The fauna of the Upper Muschelkalk is indicated by Ceratites

Thuilleri (Sonamarg), Gymnites Snlteri Beyr. (Ladakh, exact locality not

known), Proarcestes Balfouri 0pp. { = Escheri Mojs.,) from Dras (50 to

60 miles E. N. E. of Srinagar), Ptychites Durandii Dien. from Padam
(Zanskar valley).^

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

^Palaont. Indica, ser. XV, Vol. V,Pt. 2, p. 139.
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RhyncJionella cf. trinodosi'Bittn.,Rh. cf. mutdbilis Stol. and Spiriferina

Stracheyi Salt, have been collected by C. S. Middlemiss.

c. The Muschelkalk 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 :—

Grypocems sp. ind. ex. aff. Palladii Mojs.

Ceratites Thuilleri 0pp.

,, {Hollandites) Havana Dien.

„ Airavata Dien.

,, ,, Dungara Dien.

Beyrichites cf. Rudra Dien.

Pseudodanuhites cf. Dritarashtra Dien.

Acrochordiceras Balarama Dien.

cf. Carolince Mojs.

„ sp. ind. aff. pusterico Mojs.

Gymnites Sankara Dien.

„ Jollyanus 0pp.

The presence of the zone of Spiriferina Stracheyi is indicated by this

species and by Dielasma himalayanum Bittn.

d. The Musclielkalk of Byans.

A. V. Krafft has drawn the attention of Indian geologists to the re-

markable 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, XXXVII, (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 Central Himalayas, 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 Hedenstroemia stage, because in the section of the Shalshal

clift 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 Rhynchonella 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.

Spirigera Stoliczkai Salt.

Dielasma himalayanum Bittn.

It cannot be decided whether the two specimens of Rhynchonella

trinodosi Bittn., one of the most characteristic species of the Alpine

Muschelkalk, which I discovered among Smith's collections from Kala-

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 Niti^ 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 Cephalopoda

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 Jolinka (Smith, A. v. KrafEt).

The following species have been determined by Diener :

—

Atractites Smithii Dien.

Orthoceras cf. campanile Mojs.

Grypoceras Griesbachi Dien.

Mojsvaroceras sp. ind. aff. Morloti Mojs.

„ nivicola Dien.

Ceratites Thuilleri 0pp.

,, Kuvera Dien.

{Philippites) joUnkanus Dien.

,, {HoUmidites) Vyasa Dien.

,,
Roxburykii Dien.

{Peripleurecyclus) Smithianus Dien.

Smithoceras Drummondii Dien.

Sageceras sp. ind.

Buddhaites Ranvt Dien.

Bukowskiites Colvini Dien.

Pinacoceras Loomisii Dien.

Gymnites Joilyanus 0pp.

,, Kirata Dien.

,, Sankara Dien.

Plychites Sahadeva Dien.

This fauna, although showing unmistakably the character of the

Upper 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 Cephalopoda not less than ten

have not yet been found in any Himalayan district outside Byans.

Some very remarkable types, as Smithoceras, Philippites, Peripleurocy-

clus, Bukowskiites, Pinacoceras Loomisii are represented among them.

Smithoceras Drummondii deserves special interest, as the most primitive

ancestor of the highly specialised types of Haloritiwe and Juvavitinai 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. Krafft'a

and 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,^ 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. Krafft'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 0pp., 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

' Daonella 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 (?) Wetsoni 0pp.

^

Arpadites cf. Ussarensis Mojs.

,, rimkinensis Mojs.

Hungarites Pradoi d'Arch.

,, sp. ind. aff. Mojisisovicsi Boeckh.

Protrachyceras longohardicum Mojs.

„ spitiense Dien.

Cautleyi Dien.

1 A. Bittner, Palceont. Indica, ser. XV, Himalayan Foss., Vol. Ill, Pt. 2, p. 38.

2 The appurtenance of this species to the genus Ceratites is extremely doubtful.
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Thannmites bicuspidatus Dien.

,, hannaensis Dien.

Rimhinites nitiensis Mojs.

„ Edmondii Dien.

Sturia sp. ind.

Ptychites Gerardi Blanf.

Megaphyllites Jarhas Muenst. '..

Joannites Kossmati Dien.

, cf. proavus Dien.

Proarcestes cf. Balfouri 0pp.

This fauna has ten species in common with the Daoneila 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 Daoneila 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 Daoneila shales near the

base of which the following species have been found :

—

Daoneila Lommeli Wissm.

sp. ind. aff. Lommeli Wissm.

„ indica Bittn.

Spirigera hunica Bittn.

Rhynchonella cf. Theobaldiana Stol.

Ceratifes Narsingha Dien.

Arpadites rimkinensis Mojs.

Hungarites Pradoi d'Arch.

Thanamites hicuspidatus D^en.

Rimkinites nitiensis Mojs.

,, Edmondii Mojs.

Anolcites Laczkoi Dien.

Protrachyceras Archelaus Lbe.

„ spitiense Dien.

„ ladinum Mojs.

„ cf. longohardicum Mojs.

„ sp. ind. cf. regohdanum Mojs.
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Sluria sp. ind.

Gymnites calosoma Dien.

Pinacoceras sp. ind. af). Damesi Mojs.

Plychites Gerardi Blfd.

Joannites cf. proavus Dien.

,, sp. ind. cf. tridentinus Mojs.

Kossmati Dien.

Proarcestes bicinctus Mojs.

„ cf. Balfouri 0pp.

,, sp. ind. afj. esinensi Mojs.

This fauna clearly bears the stamp of ladinic age, as shown by the

relationship of a large number of species to European ones. Daonella

Lommeli, the leading fossil of the ladinic stage in the Tyrol (Wengen

beds) occurs throughout the entire thickness of the Daonella shales.

Fig. 4. Detailed section through the upper ladinic and lower carnic beds near

Lilang from A . v. Krafffs diary :
—

5. Grey beds (shales alternating with linsestones).

4. Halobia limestone.

3. Horizon of Joannites thanamensis.

2. Daonella limestone.

1. Daonella shales, with Daonella Lommeli.

The 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 lowei
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division contains Daonella indica Bittn., and, in its lower part, als

Daonella Lommeli, whereas in the upper region Halobia cf. comata Bittn.,

a species of the carnic group of rugosoe, has been found.

A. V. Krafit, 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 Joanites cymhiformis ^ :

—

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 contaimng 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 occurs in the lower division, but not

higher up tlian to the upper third of this group . . 145 ft.

1. Series of thin-bedded black shales and limestones (Dao-

nella shares) with -Daonella Indica Bittn. and D.

Lommelli Wissm. ..... . 160 ft.

Series No. 2 corresponds to A. v. Krafft's " Daonella limestone.'^

It contains a fauna consisting of the following species :

—

Traumatocrinus sp. ind.

Daonella Lommeli Wissm.

„ indica Bittn.

,, sf. ind. aff. CassiancB Mojs.

Rhynchonella cf. rimkinemis Bittn.

Phloioceras deliciosum Dien.

Styrites lilamjensis Dien.
[

Celtites trujonalis Dien.

perauritus Dien.

Ritnkinites nitiensis Mojs.

Monofhyllites cf. ivengensis Klipst.

Joannites cf. Klipsteini Mojs.

Kossmati Dien.

In this fauna Wengeu 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.

1 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 Lommeli has been found 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.

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

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

stated that the Ptychites beds of the Upper Muschelkalk were overlain by

a series of well-bedded limestones of inconsiderable 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.

Mojsisovics 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. KrafEt 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. KrafEt, 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

1 It has been demonstrated by Bittner (Himalayan Foss., 1. c. Vol. Ill , Pt. 2,

p. 34), that the true Daonella Lommeli is restricted to the ladinic stage of the Alpine

Trias and does not ascend into higher stages (noric Hallstatt limestone) as has been

suggested by Rothpletz.

- C. Diener, Ergebnisse einer geologischea Expedition in den Central Himalaya,

etc., 1. 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 indica Dittn.

,, cf. ohliqua Mojs.

Spirigera hunica Bittn.

Celtiles cf. trigonalis Dien.

Joannites cf. proavus Dien.

There is only the presence of Joannites cf. proavus 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

Bpecies :

—

Daonella indica Bittn.

Arpadites lissarensis Mojs.

Protrachyceras ralphuanum Mojs.

Joannites sp. ind.

PtycJiites 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

scanty and meagre to permit any definite statement, as it might be

attributed to the ladinic or lower carnic stage with nearly equal

reason.

In Byans 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 wc 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 mass, 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 conformably 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 ^ limestone, including the horizon of Rhyn-

chonella Griesbaclii at its base, to the limestone with Dadocrinus gracilis,

the brachiopod-bearing beds with Spiriferina Stracheyi Salt, and the

underlying horizon of Keyserlingites {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 palaeontological 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

directly or most probably identical with Alpine forms :

—

Orthoceras campanile Mojs.

Germanonautilus cf. salinarius Mojs.

Ceratites trinodosus Mojs.

1 See footnote to p. 59.

—

Ed.

( 279 )



CORRELATION OF THE MIDDLE TRIAS. 79

Jafonites cf. Dieneri Mart.

Acrochordiceras cf. Carolinoe Mojs.

Sturia Sansovinii Mojs.

Gymniies incultus Beyr.

„ cj. Humboldti Mojs.

Anagymnites cf. acuius Hauer.

Ptychites Everesti 0pp.'

Proarcestes Balfouri 0pp. (

—

Escheri Mojs).

Joannites cf. proavus Dien.

Monofhyllites sphcerophyllus Hau.

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 tlu:ee species, Cerafites

Thuillieri 0pp., C. himalayanus Blfd., C. sp. ind. aff. Abichi Mojs.

exhibit close relations to congeneric forms of the nodosi group. The

subgenera Halilucites, especially characteristic of the Bosnian Muschel-

kalk, 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 pecuhar 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 (HoUandites), 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 HoUan-

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 SchiechHnghoehe near Hallstatt this species is represented

by a form very closely allied 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, Beitrcege zur Palaiont. und Geo.,

Oesierr. Ungarns. etc., XIII, p. 32.
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SO widely, that they have to be considered as prototypes of isolated

subgenera. They are: Peripleurocyclus Smithianus Dien., Salterites

Oberhummeri Dien., Haydenites Hatschekii Dien. Two more new sub-

genera with ceratitic sutures, peculiar to the Indian Trias, are Pseudo-

danubites Hyatt, and BuJcowskiites Dien.

In the genus Beyrichites we meet two isolated forms

—

B. Gam/adhara

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 Carnites

although it unites characters of those three genera.

The most aberrant type in this fauna is perhaps Smithoceras Duran-

dii Dien., the primitive ancestor of Upper Triassic Juvavitinoe.

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 Pleurotomaria and Worthenia largely predominate,

whereas species of Naticopsidoe, Neritidoe and all types with Palaeozoic

affinities, such as Bellerophon, Capidus, Euomphalus, are entirely

absent.

In the zone of Spiriferina Stracheyi the affinities of the Indian and

Alpine faunae are much more remote. The species of Brachiopoda are

all isolated types, which differ considerably from all Alpine congeneric

forms, as has been stated by Bittner. Among the cephalopods Stacheites

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. sphoerophyllus and M. Suessii {Mojsvarites), are distin-

guished from the congeneric forms of the Alpine Upper Muschelkalk by

their simpler sutures, but one of them, Monophyllites {Mojsvarites)

Confucii Dien., is so closely allied to M. Suessii, that Freeh proposes to

unite it with that species as a variety.^ A second species, Monophyll-

ites Hara Dien., has been discovered among Nopcsa's collections from

1 F. Freeh, Neue Cephalopoden aus dem suedlichen Bakony, Paloeontologischer

Anhang zu KesuUate der Wissenschaftl. Erforschg. des Balatonsees, Bd. I,

Erster Teil., p. 17.
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the Lower Trias of Kcira in Albania by G. v. Arthaber.^ Two species

of Orthoceras—0. cf. campanile Mojs. and 0. cf. mullilahiatum Hauer

—

are probably identical with Alpine forms. A very interesting type is

Gymnites depauperatus 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 Keyserlingiies (Durgaites) which,

notwithstanding a remarkable convergence in external features, is not

identical with the Siberian types of Keyserlimjites {Ceratites 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,^ shows such a distinctly

Mediterranean character, " that a palaeontologist 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 HoUandifes, which is of Indian origin, is represented in

Nevada by two species nearly allied with Himalayan ones, H. aff. Void

0pp. 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. Miiteil. Geol. Ges.

Wien., I, p. 286, Taf. XH, fig. 4.

2 J. P. Smith, The stratigraphy of the Western American Trias. Ad. v. Kanen
festschrift, 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 faunae has been exaggerated by E. v. Mojsiso-

vics.^ 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 faunae 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 Japonites are less closely allied to J.

planipUcatus 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 faunae are related to each other more closely than either

of them is to the fauna of Japan.

In the Siberian region deposits 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 affinis 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 Spitzber-

gen, but it is not closer than with the Mediterranean types.

Otherwise a comparison between the faunse 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 geminati) in both regions might be mentioned, and

the strange groxn^ oi Ceratites {Philippites) Jolinkanus Dien. in Byans,

^ E. V. Mojsisovics : Ueber einige Japanische Triasfossilien. Beilroege zur

Palceont. Oesterr. Ungarns, etc., VII, 1888, p. 163.
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which in its external sculpture recalls the Arctic section of Dinarites

spiniplicali {OlenekUes), whereas in its sutures it agrees with Keyserlin-

gites Middendorffi Keys. The affinity of tlie Arctic group of Ceralites

polaru to the Indian subgenus Hollandites is extremely doubtful.

During the ladinic stage a close kinship still persists between the

marine faunae of the Himalayan 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

Wengen beds of Tyrol. Those species are :—

•

Protrachyceras Archelaus Lbe.

„ longobardicum Mojs.

„ ladinum Mojs.

„ c/. regoledanum Mojs.

Anolcites cf. Laczkoi Dien.

Hungarites Pradoi D'Arch.

Joannites 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 hicuspidatus Dien., belongs

to a genus which recalls some Palaeozoic 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 Protrachyceras Archelaus

(Wengen beds), but no types of those two zones have been discovered in

the Himalayan Trias. Two species only

—

Hungarites sp. ind. 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 faunae in the horizon of Daonella duhia 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 aff. 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 Lommell, 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 frona the ladinic into the

carnic stage in the Daonella limestone of Spiti.

III. The Upper Trias.

(Carnic, Noric and Rliactic stages.)

a. General notes on the classification of the Upper Trias in Spiti and

Painkhanda.

The division of the Upper Trias in the Austrian Alps has been based

on faunistic, not on lithological characterd. Nevertheless the two

main stages are marked by lithological differences in the majority of

sections, the carnic stage 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 Himalayan 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 limestone

intercalated between the shaly limestones and shales of the covering

series, the very thick mass (about 300 feet and even more) of the

limestone with Spiriferina Griesbachi, the so-called " Coral lime-

stone " and the limestone between the two quartzite series. In

Painkhanda we may mention the limestones containing the faunse of

Proclydonantilus Griesbachi and Halorites procyon, the brachiopod-bear-

ing beds with Spiriferina Griesbachi, and the liver-coloured limestones

with Sagerites sp. ind., 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 Himalayan 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 rhaetic Dachsteinkalk of the Eastern Alps,

but even of the Lias and Oolite.

b. The Carnic stage in Spiti and Painkhanda.

It has been explained that in Spiti, according to A. v. Krafft's descrip-

tions, the ladinic Daonella idiales are overlaid by a homogeneous mass

of dark splintery limestone, measuring about 280 feet in thickness.

In its lower division—A. v. Krafft's " Daonella limestone "—it contains

a fauna with ladinic nd carnic affinities. As far as Daonella Lommeli

Wissm. occurs in this rock-group, its ladinic age has been ascertained.
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The topmost portion of the Daonella limestone is probably of carnic

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. Krafl't dividing the otherwise homogeneous mass of limestone.

This is the bed of Jo'innites thamimensis Dien. The upper division of the

mass of dark splintery limestone, following abave the bed of Joannites

thanamensis, has yielded Halohia cf. comata Bittn., a species typical

of the julic substage in the Himalayas.^

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 tliis series of " grey beds " a thin-bedded,

shaly limestone of 20 feet in thickness has been noticed.

Fossils have been discovered in two horizons. Almost immediatelj''

above the Halobia limestone the shales contain a band of black

concretions, which enclose numerous ammonites. The following species

have been determined by Diener —
Trachyceras sp. ind. aff. Ariae Mojs.

sp. ind. (group of acanthica).

Carnites floridus Wulf.

,, cf. nodiger Dien.

Joannites cymbiformis Wulf.

Monophyllites sp. ind. aff. Simonyi Hauer.

The 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 ammonite 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 {I. c, p. 149). But the fauna of both localities is rich in braohio-

pods and bivalves, which belong to tlie following species :

—

Rhynchonella laticana Bittn.

„ laucana var. lilangensis Bittn.

1 H. Hayden, Geology of Spiti, 1. c, p. 76.

- C. Diener, Ladinic, carnic and noric faunae of Spiti, Hinial. Foss., Pal. Ind-, ser.

XV, Vol. V, Pt. 3, p. 148.
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Rhynchonella cf. semiplecta Muenst.

Freshfieldi Dien.

himaica Dien.

„ cf. bajuvarica Bittn.

„ [Austriella) sp. ind. afj. nux Suess.

Spiriferina gregaria Suess.

aff. shalshalensis Bittn.

„ orophila Dien.

,, deodarae Dien. (

Mentzelia Mentzelii Dunk.

,
Aspidothyris Kraffii Dien.

Dielasma Julicum Dittn.

I • Haydeni Dien. •

Cruratula (^) indica Dien. ;

Lilangina nohilis Dien.

Pomarangina Haydeni Dien.

Lima sp. ind. aff. alternans Bittn.

The series of shaly limestones, grey eartiiy 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 fossdifcrous horiz(jn of carnic age is the " Tropites

limestone" of Lilang and Tikha. It is rich in Cephalopoda, most

of which, however, are badly preserved. The following forms permit

of a specific determination :

—

Clydonautilas aculilohaiua Dien.

Germanonautilus cf. Breunneri Hauer.

Siyrionautilm cf. Sauperi Hauer.

Pleuronaulilus sp. ind. aff. Wulfeni Mojs.

Tropites cf. subbuUatus Hau.

,, discobullal'us Mojs.

cf. lorquillus 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.

Joviles spectabilis Dien.

,, cf. siculus Gemm.

Sandlingites nov. sp. aff. Reyeri Mojs.

< „ nov. sp. aff. Castellii Mojs.

Clionites heracUtiformis Dien.

Proarcestes cf. Gaylani Klipst.i

Grey shaly limestones and calcareous shales continue with the same

lithological characters for the next 200 feet. Seventy feet above the

nodular limestone a specimen of Jovites spectahilis Dien. was discovered

by A. V. Krafit, 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.

Terebraiula sp. ind. aff. piriformis Suess.

Spiriferina sp. ind. aff. shalshalensis Bittn.

Lima cf. austriaca Bittn.

Halobia 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 Painkhauda 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 Oriesbachites MedUyanus 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 indicus 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. Krafit in 1900, has been examined

by Diener.^ It consists of the following species, which show at once

and indubitably the julic age of the Traumatocrinus limestone :—

•

Proclydonautilus cf. huddhaicus Dien.

Grypoceras rimkinense Dien.

,, sp. ind. aff. rimkinensi Dien.

,,
Stirlingii Dien

Joannites cymbiformis Wulf.

,, Klipsteini Mojs.

,, Kossmati Dien.

,, Mojsvari Dien.
,

Proarcestcs cf. ausseanus Hau.

,, sp. ind.

Lohites {Corocems) cf. delphinocephalus Hau.

,, valdecucullatus Dien.

Monophyllites cf. Simonyi Hau.

,,
{Mojsvarites) Agenor Muenst.

Juvavites {Anatomites) sp. ind.

Isculites cf. Heimi Mojs.
,

Celtites contractifrons Dien.

Carnites cf. floridus Wulf.

Placites cf. polydactylus var. Oldhami Mojs.

Rimkinites nitiensis Mojs.

Edmondii Dien.

Arpadites rimkinensis Mojs.

„ (Dittmarites) cf. circumscissus Mojs.

,,
sp. ind. afj. Ladon Dittm.

Clioniies nov. sp. ind. aff. Dorce Mojs.
,

Trachyceras austriacum Mojs.

,, austriacum var. tihetica Mojs.

Protrachyceras sp. ind. aff. Arion Mojs.

1 C. Diener, The fauna of the Traumatocrinus limestone, etc., Himal. Foss., Pal.

Ind., ser. XV, Vol. VI, Pt. 2.
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Protrachyceras sp. ind. (group of furcosa).

Sirenites Cookei Dien.

Girthiceras pernodosum Dien.

Daonella indica Bittn.

,, sp. ind. afj. 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 rimJcinensis Bittn.

„ {Austriella) sp. ind. aff. Middlemissii.

(Norella) Kingi var. tibetica Bittn.

Tmumatocrinus sp. ind.

Above the Traumatocrinus limestone, whose thickness barely exceeds

ten feet, follows a thin limestone bed, which has yielded the following

brachiopods and bivalves :

—

Norella Kingi Bittn.

,, tibetica Bittn.

Spirigera hunica Bittn.

Aulacothyris nilangensis Bittn.

Daonella indica Bittn.

This is the highest stratigraphical horizon into which Daonella

indica Bittn. reaches.

Before continuing this account of the caruic 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. (Iriesbach on the summit of a pass leading from

Hop g idh to Dogkwa aur, N.E. of Tsang chok La in Hundes. From

this locaHty the following fossils were determined by Bittnerh

—

Aulacothyris nilangensis Bittn.

Spirigera hunica Bittn.

Norella tibetica Bittn.

Discina sp. ind.

Daonella indica Bittn.

? A.. Bittner, Himal. Foss., Vol. Ill, Pt. 2, pp. 30, 31, 32, 33, 39.

( 292
)



9^ DIENER : TRIAS OF THE HIMALAYAS.

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. XXIII,

p. 205), in no way from those of the Niti area.

Above the limestone bed with Daonella indica there follows in the

sections of the Shalshal and Bambanag 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 Daonella is

replaced in those beds by Halobiw of the rugosa-gvoup.

The following species of Brachiojwda and Lamellihranchiata were

described by A. Bittner (1. c, p. 72) :

—

Sfiriferina shalshalensis Bittn.

Retzia Schwageri var. asiatica Bittn. .

Rhynckonella laucana Bittn.

Halobia comata Bittn.

„ fascigera Bittn.

Avicula girthiana Bittn.

Gassianella pi. sp. ind.

The following species of Cephalopoda were quoted by E. v. Mojsisovics

(I. c, p. 129) :—
Pleuronautilus tibeticm Mojs.

Jovites sp. ind. ex. afj. daci Mojs.

Discotropites sp. ind. aff. Plinii Mojs.

JuvnviU's cf. t'>)iklnensls Dien.'

Anatomites bambanagensis Mojs,

,,
Eugenii Mojs.

,, Caroli Mojs.

Griesbachites Hanni Mojs.

Hypocladiscites subaratus Mojs.

Placites sp. ind. ex. aff. peraucto Mojs.

„ polydactylus var. Oldhami Mojs.

1 C Diener, Note sur deux especes d' Ammonites Triasiques du Tonkin, Bull.

Soc. Geol. de France, 3, ser. XXIV, p. 882.
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Mojsvarites eugyrus Mojs.

Discophyllites Ebneri Mojs.

Fir,. 5. Slopes of the SJinlslial cliff nhove RimMn Puiar E. G.

10. Megalodon limestone.

9. Quartzite series.

8. Dolomitic limestone with Spiriferina Griesharhi.

7. Halorites limestone.

6. Limestone with ProdydonavHlus Griesharhi.

5. Rhaly limestones and shales with Halobia romata.

4. Muschelkalk.

.3. Lower Trias and Productus shales.

2. WTiite Quartzite.

L Silurian.

To these species must be added a considerable number of forms,

belonging to the genera Juvavites, Sagenites, Styrites, Tibetites,
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Paracladiscites, Megaphyllites
,
Proarcestes, Clydonautilus, which could not

be determined specifically.

The beds with Halobia comata are overlaid by the nodular limestone

with Prochjdonautilus 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 Painkhanda.

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 Bittii. and Dielasma julicum

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 of this genus. Tlie fauna of

the Juvavites beds consists of the following forms :

—

Atractites sp. ind. cf. alveolaris Quenst.

Paranautilus arcestiformis Dien.

Pleuronautilus sp. ind. aff. Kossmati Dien.

,, cf. ibeticus Mojs.

Indonautilus cf. Kraffti Mojs.

Dittmarites lilliifonnis Dien.

,, cf. trailliformis Dien.

Clionites sp. ind. cf. Hughesii Mojs.

Metacarnites Footei Dien.

,, Hendersoni Dien.

Pinacoceras sp. ind. ex. aff. parma Moj?.

Tihetites cf. RyaUi Mojs.

Anatibetites Kelviniformis Dien.
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Paratibetites Tornquisti Mojs.

,, sp. ind. (iff. Wheeler i Dien.

Juvavites angulatus Dien.

,, Sf. ind. aff. Ehrlichii Hau.

Anatomites sp. ind. aff. Melchioris Mojs.

„ sp. ind. aff. Caroli Mojs.

,, sp. ind. aff. Alphonsi Mojs.

Dielasma aff. julico Bittn.

Halohia sp. ind. aff. fascigeroe Bittn.

Pecton (Amusium) margarito costatus Dien.

Pecten sp. ind. aff. monilifero Muenst.

Lima cf. serraticosta Bittn.

Homomya sp. ind. aff. larianoe Stopp.

Mytilus sp. ind. aff. rugoso Roem.

Mysidioptera sp. ind.

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.

Near 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 ths

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 bambanagensis Bittn.

The coral limestone is overlain by flaggy 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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YiG. C).—Generalized section near Lilang {from A. v. Krafft's dinry).

14. Megalodon limestone.

13. Quartzite series.

1 2. Monotis beds.

11. Coral limestone.

10. 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. Muschelkalk.

2. Lower Trias.

1. Productus shales.
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a. Horizon of Joannites thammensis.

b. „ „ Jonnnileft r.ymhiformis.

c. Bracliiopod layer of the Cirey lieds.

d. Main layer of Tropite.i s%ihhvllatvx.

e. ,, ,, Monolhi mlimnia.

A. V. Krafft describes a sequence, which he observed near Lilang. as

follows :

—

6. Yellow-weathering, shaly limestones and shales with Spirijerina

Griesbachi Bittn.

5. Brown sandstones, alternating with grey sandy shales, rieh in

Lmnellihranchiata (chiefly Monofis salinaria Schloth).

4. Black, splintery limestone.

3. Brown, flaggy sandstones, with partings of sandy shales.

2. Grey, hard limestone, with calcite veins.

1. Brown, flaggy sandstones.

It is chiefly the group No. 5, which has yielded a considerable number

of fossils, among them Monotis 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. Massolongi Stcpp.

,, sp. ind. aff. monilifero Muenst.

Lima cf. serraticosta Bittn.

Pleuromya himaica 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 charac-

teristic " Quartzite series " forms a most conspicuous horizon throughout

Spiti and in the scenery is often distinguishable at great distances by

the whiteness of the quartzite bands.
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Fig. 7.

—

Section between Mani and Pin valley (from A. v. KrnffVs diary).

10. White quartzite.

9. Shales.

8. Limestone with big markings.

7. Quartzite.

6. Dolomitic band with bivalves.

5. Sandy dolomites with Bhynchonella nianiensis.

4. Brown quartzite.

3. Megalodon Umestone.

2. Limestones with shaly partings, containing Spiriferina Griesbachi,

I. 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. KrafEt, 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 Bittii.,

alternating with thin, brown quartzite layers : 100 feet.

3. Thin band of white quartzite.

2. Dark grey hard limestone with Spiriferina Griesbachi Bittn.

and Lima serraticosta Bittn. : about 200 feet.

1. Brown quartzite : about 20 feet.

Faunistically the quartzite series is distinguished by the presence

of Sfirvjera maniensis KrafFt, which is restricted to this stratigraphical
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liorizon. Most of the species are common to this series and to the

lower Monotis beds.

The fauna of the quartzite series consists of the foUowing forms ;

—

Spiriferina Griesbachi Bittn.

Spirigera maniensis Krafft,

,, (?) maniensiformis Dien.

Aidncothyris joharensis Bittn.

Rhynchonella bambanagensis Bittn.

Pecten, sp. ind. aff. monilifero Muenst.

Lima cf. serraticosta Bittn.

,, sp. ind. aff. cumaunicce 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 " rheetic

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.

Lithologicallv 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 himalot/anese Stol.^ This is

the horizon of Stoliczka's " Para limestone,"- blocks of which are very

common throughout the upper Para valley, according to Hayden.

1 H. Hayden, Geology of Spiti, I.e., p. 84.

2 F. Stoliczka, Metn., Geol. Sun: 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 :

—

Spirigern Noetlingi Bittn.

Sfiriferina cf. Haueri Suess.

Lima cumaunica Bittn.

Pecten chabrangensis Dien.

Sf. ind. aff. Landrano Bittn.

Entolium cf. suhdemissum Muenst.

Megalodon ladaJchensis Bittn.

Fig. 8.

—

Section between Kibber and Ki (from A . v. Krafft's diary).

7- Megalodon limestone.

6. Juvavites shales.

5. Dolomites with Lirna 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 rhsetic 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 Stephanoceras cf. coronatum

Brug. in a hmestone 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-

tum was found by A. v. Krafft, specimens of Spiriferina cf. obtusa 0pp.

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 Diener' 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 ShalshaJ cliff near

Shalshal encamping ground, runs as follows :

—

7. Lower Spiti shales, with Belemnites Gerard i 0pp.

6. Suk'acutus beds, Kelloway : 6 feet.

5. Yellow-grey, earthy limestones and marls, with Rhijnchonella

sp. ind.: 4 feet.

4. Thin-bedded yellow-grey limestones with Belemnites up.,

Ostraea sp., Pecten sp. : 20 feet.

3. Lithodendron limestone, with crinoid stems : 100 feet.

2. Thin-bedded limestones, with many bivalves of liassic

affinities.

1. Well-bedded limestones, lithologically identical with the

Upper Triassic Umestones, following above the quartzite

series.

1 C. Diener, Ergebnisse, etc., 1. c, pp. 583, 584.
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Fig. 9.

—

Section between the edge of th< Sliiil<li'il cliff and (he ivatershed along the

route from Shulshid K. (i. lu ( hota Hoti.

7. iSpiti shales.

la. Main layer of Belnemnites Gerardi.

0. Siilcacutus beds.

5. Yellow-grey, earthy limestones and marls with Rhynclwnella sp.

4. Yellow-grey, thin-bedded limestone with bivalves.

3. Lithodendi-on limestone.

2. Thin-bedded bivalve limestone.

1 . 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 rhaetic 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 ,^ Belemnites 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, 1. c., p. 139 (Geology of the Central

Uinialayas).

( 303
)



NORIC AND RHARTIC. 103

It is true that sections of Megalodon have been noticed occasionally

even in the topmost beds of the limestone No. 1, but the mere occur-

rence of a specifically indeterminable Megalodon 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, has 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

development of this quartzite series is very similar to that in Spiti.

Moreover, 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 :

—

Aulacothyris joharensis Bittn.

Spirigera cf. Noetlingi Bittn.

,, Dieneri Bittn.

Pecten interruptus Bittn.

Fig. 10.

—

Section through the slojjes of the Bambanag cliff.

11. Megalodon limestone.

10. Quartzite series.

9. Limestone with Spiriferina Grieshacln.
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8. Haloritcs beds.

7- Limestone with Proclydonautilua Griesbachi.

6. Shales with Halobia comata.

5. Muschelkalii.

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'le Torer Sattel in the section of Raibl (Carinthia)

in their lithological character. They have yielded only one fragmentary

specimen of an ammonite, Saqenites sp. ind., from which the group

was named " Sagenites beds." Seeing that this fragment of Sagenites

is not determinable specifically, it is perhaps advisable 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 Griesbachi."

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 Griesbachi

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 Spirijerina Griesbachi." Their fauna consists

of the following forms :

—

S'piriferina Griesbachi Bittn.

Retzia Schwageri Bittn.

Spirifjera Dieneri Bittn.

Amphiclina sp. ind.

Rhyrtchonella bambanagensis Bittn.

„ inartoliana Bittn.

Aukicothyris joharensis Bittn.

Lima cumaunica Bittn.

Pecten biformatus Bittn.

„ interruptus Bittn.

Anadoniophora Griesbachi Bittn.

Cassianella pulchella Bittn.
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The brachiopod-bearing limestones with Spiriferina Griesbachi

gradually pass at their base 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 Himalayas. This is Diener's " Halorites

limestone " of the Bambanag section.

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 Cephalopoda 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.^ Very extensive

collections obtained by A. v. Krafft in 1900 were examined by C.

Diener.-

The following Cephalopoda have been determined specifically by

those two authors :

—

Halorites Sapphonis Mojs.

procyon Mojs.

„ Charaxi Mojs.

„ Phaonis Mojs.

„ Alcaci Mojs.

Trotter i Dien.

„ alternans Dien.

Anatomites sp. ind. ex. aff. scissi Mojs.

Parajuvavites Blanfordi Mojs.

„ laukanus Mojs.

Sternbergi Mojs.

„ Feistmanteli Griesb.

Jacquini Mojs.

„ Tyndalli Mojs.

„ Renardi Mojs.

„ Ludolfi Mojs.

1 E. V. Mojsisovics, Himalayan Foss., Palceont. Ind., ser. XV, Vol. Ill, Pt. 1,

p. 132.

2 C. Diener, Note on some fossils from the Halorites limestone of the Bamba-
nag cM, Records, Geol. Surv. of India, Vol. XXXIV, 1906, p. 1.
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Parajuvavites minor Mojs.

„ Brmtoni Mojs,

,, buddhaicus Mojs.

Stoliczkai Mojs.

Thelidites Guidonis Mojs.

Huxley i Mojs.

Griesbachites jandianus Mojs.

Martoliies Kmffti Dien.

Tibetites Ryalli Mojs.

,, Murchisoni Mojs.

,, Perrin-Smithii Mojs.

Anatibetites Kelvini Mojs.

Pamlibetites Bertrandi Mojs.

„ Geikiei Mojs.

„ ^(ZoZ^ Mojs.

angustisellatus Mojs.

Tornquisti Mojs.

Helictites Atalanta Mojs.

Dittmarites Hindei Mojs.

Dionites cf. Asbohis Mojs.

Steinmannites Desiderii Mojs.

,, clionitoides Mojs.

„ Noetlingi Mojs.

,, undulatostriatus Mojs.

Lubbockii Mojs.

C'/tO'/i ^es Woodwardi Mojs.

,, Salteri Mojs.

(iberrans Mojs.

sjnnosiis Mojs.

Hvghenii Mojs.

Sirenites Richteri Mojs.

„ elegans Mojs.

,, elegavdformis Dien.

Sandlinyites Nicolai Mojs.

,, Archibaldi Mojs.

Arcesles Leonardii Mojs.

Pinacoceras Mettermchu Haiier.
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Pinacoceras parma Mojs.

,, postparma Mojs.

Jiambanuijites Dieneri Mojs.

,,
Schkujintweiti Mojs.

Flacites Sakuntala Mojs.

Paranaudlus bambanagensis Mojs.

ludonaulilus Kraffti Mojs.^

Clydonautilus bianqularis Mojs.

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 (I.e., p. 72), is very small. He

mentions the following forms :
—

Rhynchonella bambanagensis Bittn.

Halobia off. comata Bittn.

Lima serraticosta Bittn.

Anodontophora Griesbachi Bittn.

The lowest noric horizon in Painkhanda is a complex of nodular and

slaty limestones, from 70 to 100 feet in thickness, which succeeds the

beds with Halobia comata in the Bambanag section and is overlain imme-

diately by the fossiltferous 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. afj. imperator Mojs.

Hauerites sp. ind. ( = Metacarnites Dien).

Arcestes sp. ind.

Sagenites sp. ind.

Juvavites sp. itid.

Parajuvavites sp. ind. afj. Jacquini Mojs.

sp. ind.

^ E. V. Mojsisovics, Die Cephalopoden der Hallstaetter Kalke, Abhandl. K. K.
Geol. ReicJisanst.,yi-1, Suijplem., p. 205.
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.

Of brachiopods Rhynchonella bambanagensis has been mentioned by

Bittner.

This group of nodular limestones, which lithologically recalls the

Muschelkalk, was first designated " Hauerites beds " by E. v. Moj-

sisovics, a name which later on was replaced by " Zone of Pro-

chjdonautilus Griesbachl." The name " Hauerites beds " has become un-

tenable, since Diener' has proved the fragments assigned to Hauerites by

E. V. Mojsisovics to belong to a new subgenus, allied very nearly to the

Alpine Carnites floridus Wulf.

d. Interregional correlation and homotaxis of the Upper Triassic deposits

of Spiti and Painkhanda vith those of Europe and America.

In Spiti the carnic stage opens with the Halobia limestone, but in its

meagre fauna Halobia of. convita Bittn. is the only fossil directly indicative

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 represented faunistically in

the Himalayas.

In the " Grey beds," following above the Halobia limestone, the

lower fossiliferous horizon with Joannites cyrnbiformis Wulf. is certainly a

homotaxial equivalent of the zone of Trachijceras 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, Pornaran-

gina, Aspidothyris. Among the species of Brachiopoda 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 palaeontological 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

subbullatus 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 julicum

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 Cephalopoda, are

known to us, both of them pointing to the juUc 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. Krafit, 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 Rimkinites 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

ellipticHS near Aussee. The genera Anatomites, Griesbachifes, Hypo-

cladiscites and 8fi/rites are represented by species nearly allied in both

areas. Among the Lamellibranchiata, Halobiae of the group of H.

rugosa are an important element characteristic of the julic substage.

Both the Trauraatocrinus 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, but also

in the zone of Tropites subbullatus.

It is not probable that no sediment at all was deposited in this

region of the Himalayas during the tuvalic period. I prefer to agree

with E. v. Mojsisovics in suggesting that the uppermost layers of the

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 secure

tliem owing to their fragility

Both the Halobia limestone and the dolomitic limestone with

Lima cf. austriaca and Halobia aff.
superba ot Spiti are wanting in the

more eastern sections. The tuvalic substage, with a thickness of about

900 feet in Spiti, is reduced to an insignificant band of calcareous

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

1 The ammonites collected in the beds with Halobia comata in 1900 by A. v.

Krafft belong chiefly to the genera Juvavites, Anatomites and ArceMes, but do not

admit: of specific determination. The specimen of Griesbachites Medleyanvs quoted

in,' ' Himalayan Fossils,' ' Vol. V, Pt. 3, p. 152, has not been found in A. v. Krafft's

collections.
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very equally in both districts. The correlation of the noric beda

underlying the Dachsteinkalk has been based on stratigrapliical

evidence by A. v. Kral¥t. The fauna is too indifferent, espe-

cially in Painkhaud either to contradict or to support this

evidence.

A. V. Krafft correlated the quartzite series, with Spi'ru/era nmniensis

of Spiti with the corresponding series in Painkhanda, the Monotis beds

of Mani and Lilang with the main layer of Anodontophora Griesbachi

in tlie Bambanag cliff, where Monotis salinaria is, however, absent,

the coral limestone of Spiti with the dolomitic limestone containing

Sfiriferina 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 Trachijpleuraspidit.es from the Monotis beds of Mani and a fragment

of Sagenifes from the main layer of Anodontophora Griesbachi of the

Bambanag cliff afford no clue to the geological age of those beds.

The only species of stratigraphical importance is Monotis 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 Griesbachi 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 palaeontological 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. Pamjuvavites and acatenate species of Halo-

rites are the leading types. Bambanagites and Guemhelites—both of

them rare elements in this fauna—are of exclusively Indian habit. The

Alpine genera Metasihirites and Cyrtopleurites are replaced by their

Indian representatives Thetidites and Tihetites.

Four species are probably identical with forms from the noric

Hallstatt limestone, namely :

—

Pinacoceras Metternichii Hau.

parma Mojs.

,,
postparma Mojs.

Dionites cf. Asholus Mojs.

As has been demonstrated by E. v. Mojsisovics, the fauna of the

Halorites limestone has relations with the fauna? botli 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 tlie 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

faunae 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 region. Although the lower noric cephalopod beds of

Spiti and Painkhanda must be correlated, both for stratigraphical and

palaeontological reasons, their faunae exhibit very distinct local pecu-

liarities in both districts. This difference between the faunae of the

Juvavites 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 rhaetic stage has been discovered

by G. V. Bukowski.^ The fauna, consisting chiefly of brachiopods

and lamellibranchs, bears the stamp of an upper noric or rhaetic

Mediterranean fauna, but shows no affinity to the noric faunae of the

Himalayas.^

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 Ha^obioe of the group of

H. fascigera Bittn. This is a decidedly Indian type in this Arctic

fauna, which is not known from any other Arctic region, where Triassic

sediments are developed in a bivalve facies (Eureka sound, Bears Island,

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.^

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 ^ the affinity of their rich fauna is much greater to

the Mediterranean than to the Indian faunae, although several species

are probably common to both areas. The following species are

directly or nearly identical :—

•

Tropites suhhullatus 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 Tropites and Trachyceras in California points

to an early appearance of the Tropitidoe in America, where they

1 G. V. Bukowski, Die geologischen Verhseltnisse der Umgebung von Balia

Maaden, etc., Sitzgsber. Kais. Ahid. Wiss. Wien, CI. 1892, p. 214.

~ A. Bittner, Triaspetrefakte von Balia Maaden in Kleinasien, Jahrb. K. K.
Geol. Reiclmmst., XLI, (1891 ), p. 97, XLII, (1892), p. 77, XLV, (1895), p. 249.

3 Lethaa mesozoica, Vol. I, Trias, p. 542.

J. P. Smith, The stratigraphy of the Western American Trias, I.e., p. 402.
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pi'obabiy 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

faunse are very remote. The fauna of Pseudonionofis ochotica Keyserl.,

which is probably identical with Ps. subcircularis Gabb, is widelv

distributed in Northern Asia and along the coasts on either side of the

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 Arietites, which is known from

Europe, Western Asia, India. Timor, California, Nevada, Mexic i, South

America.

e. The Ufper Trias of Kaslimir avd /he Pamir.

a.—KaSHMIE.

The researches on which our knowledge of the Upper Triassic

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 on

Kashmir (1883). no recent surveys have been made in that State

although certain parts of Rupshu have been visited by Hayden and

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 very often anti-

quated. We are so far entirely in want of detailed stratigraphical

data, while the fossils, which we know to have been derived from the

Triassic beds of this area, are extremely small in number. This is all

the more to be regretted, since Triassic beds are widely distributed in

several isolated districts of Kashmir, chiefly in the Kashmir, Zanskar,

Changchenmo, Karakoram and Baltistan basins (Lydekker : Mem., Geol.

Surv. 1ml., XXII, i)p. 133, 147, 151. 1G8, Ifi ), 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 Monotis

salinaria Schloth., the upper one chiefly Megalodon and Dicerccardium.

Only three fossils belonging to the noric stage have so far been

described :

—

1. Spirigera Noetlingi Bittn.^ collected by Stoliczka from Nio Sumdo
in Karnag, Zanskar basin, probably also from Pankpo Pass (Zanskar

basin). The fossil was regarded as liassic by Stoliczka {Memoirs, Ge.ol.

Surv. Ind., V, pp. 342, 34.5, 346).

This species is also known from the noric stage of Spiti and of the

Bambanag section.

2. Megalodon cultridens Bittn. (I.e., p. 62), collected by Stoliczka in

the vichiity 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 at the

north-western termination of the Zanskar basin. It has been described

and illustrated as Megalodon cf. gryphoides by Lydekker (I.e., p. 164,

PI. 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 himalayense Stol., which Stoliczka

(I.e., p. 342) records from the "Para " limestone in the section between

Lahaul and Karag. It is according to his 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 Rupshu, are

1 A. Bittner, Himal. Foss., Vol. Ill, Pt. 2, p. 68.
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perliaps specifically diflterent, as has been remarked by A. Bittner (I.e.,

p. 66 ).

Ajiother species, which is probably derived from the noric beds

of Kashmir, is Monotis salinaria Schloth., recorded from Khar

(Zaiiskar 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 Hetera-

stridium and Stoliczkaria have been collected by A. le Coq.^

/3.— Pamir.

Stoliczka, when about to return to India from Chinese Turkestan,

whither he had accompanied 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."'

Near Aktash Stoliczka observed the following sequence of beds, in

descending order :

—

4. Black, crumbling shales, with intercalated limestones, con-

taining Halorella.

3. Grey shales.

2. Brownish sandstone, somewhat silicious.

1. Limestone.

The limestone beds intercalated between the black shales (No. 4)

have yielded the oUowing species :

—

Halorella rectifrons Bittn.

,, Stoliczkai Suess.

1 P. Oppenheim, Ueber von Herrn A. le Coq gesamnielte Heterastridien vom
Karakoram Pass Centralbl. f. Min., etc., 1007, p. 722.

2 Denkschriften Kais. AkmJ. d. Wis.imch., 1894. Brl. LXI, pp. 4.32-4f.fi.
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llalorclla pedata Bronn.

Mono/is salinaria Schloth.

Thamnustmea reclilaiHcllom VViiikl.

Of those five species only Monotis salinaria is known to occur iii the

Central Himalayas of 8piti. 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 is very similar to that of the

Pamir. According to A. v. KrafEt'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 Trias of Byans.

The Upper Trias of Byans differs considerably from that of Johar,

Painkhanda and Spiti. Very little, however, is known at present ab3ut

its fossiliferous horizons. The country has not yet been surveyed in

detail, owing to the difficulty of a cori;ect interpretation of the different

sections, which appear to be so intensely crushed and disturbed tliat

an exact determination of tlie single liorizons, wliich litliologicaily

resemble each other most closely, becomes almost an impossibility.

Only the general sequence of the beds has been ascertained by F. H.

Smith in 1899 and by A. v. Krafft in 1900 during their short visits to

the district.

The blue-grey limestone, 250 feet in thickness, which follows above

the chocolate limestone of Lower Triassic age, has yielded the fauna of

Spiriferina 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 In the

upper portion of the blue-grey limestone the entire ladicic and carnic

(
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stage must, consequently, be included. A very marked decrease in the

thickness of Middle and Upper Triassic sediments certainly takes place

"rom 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 (maxinuun thickness) .... 1,290 feet.

Painkhandta and Johar (maximum thickness) . 820 „

Byans. ....... 170 „

Fsa. II.—Section N. W. of Kalapani (Byans) (from A. v. KrafjCs diary)

9. Megakitlon limestone-

8. Shales with indeterminable an)monites.

7. Grey limestone.

(). Black shales with Arctsles.

5. Tr<)i)ites limestone.

1. Light grey limestone (Muschelkalk, ladinic and carnic stage)

3. Chocolate limestone (Lower Trias).

2. Prodnctus shales (Permian

V

1. White {iluartzite.
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This decrease of the carnic stage from N. W. to S. E. is intimately

coiiiiected with a cliangc of fades. The shaly deposits of the horizon

of Ilalobia coinala 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 links

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.

I. Black shales with Arcestes sp. : about 1,000 feet.

F. H. Smith in his generalized section of the Triassic rocks observed

in 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 (rliaetic ?) 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 Jurassic 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 v/ell as in the more

north-westerly districts.
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5. Tropites limestone.

4. Light grey limestone (Muscliolkalk, ladinic (?) and carnic stage).

3. Chocolate limestone (Lower Trias).

2. Prodiictus (Ruling) sliales (Permian).

L 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 Pwclydonautilus

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 not able to say anything definite

about the probable correlation of the Upper Triassic beds 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-

3tone. Among the fossils discovered by C. L. Griesbach near Kalapani,
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)



riTKH TRIAS OK I! VANS. hi

but assigned erroneously to the lias, representatives of the carnic genus

Tropites were recognised by E. v. Mojsisovics. ' Very extensive

materials were collected by F. H. Smith and A. v. Krafft from

Kalapani, Tera Gadh, Lilinthi, Nihal and Kuti. The following species

have been described by C. Diener :
-

—

Rhynchonella angulifrons Bittn.

Halobia cf. fascujera Bittn.

,, cf. comata Bittn.

Avicula sp. ind. aff, caudata Stopp.

,, ,, Tofanw Bittn.

Atractites cf. elUpticus Mojs.

„ cf. convergens Hau.

Orthoceras 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 Kraffti Dien.

Carnites cf. floridus Wulf.

MonophyUites Jarbas Muenst.

Discophyllites Ebneri Mojs. •

Arcestes dicerus Mojs.

,, bicornis Hau.

subbicornis Mojs.

Proarcestes cf. Gaytani Klipst.

,, sp. ind. ex. aff. Zitteli Mojs.

„ cf. Siuri Mojs.

J, sp. ind. aff. sublabiati Mojs.

1 E. V. Mojsisovics, Vorlaeuiige Bemerkungen ueber die Ceplialopodenfaunen

del- Himalaya Trias, Sitztj-sher. Kais. Akud. d. Wiss., CI. Mai 1892.

- C. Dieiier, The fauna of the Tropites Hmestone of Byans, Hiinul. Foss., Vol

\', i't. 1.
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Stenarcestes (^p. ind. aff. polysphinctn Mois

,, ,, subumhilicdtn Moj-^.

Cladiscites cf. neortus Mojs.

,, .y/j. ind. (iff. imroHo Mojs.

Lohites cf. ellipticus Hau.

Helictiles cf. </eniculatus Hau.

,, cf. subgeniculatus Mojs.

sp. ind. (iff. Beneckei Mojs.

,,
Canniiuji Dien.

Phormedites fasciatus Dieii.

„ sp. ind. aff. juvavico Mojt;.

Buchites cf. hilaris Mojs.

,, Emersoni Dien.

Thisbites Meleagri Mojs,

Ronaldshayi Dien.

,,
Campbclli Dien.

ParalMisbiles cf. scaphitiforvbia Hau.

c/. Hjirtli Mojs.

„• Wyndhami Dien.

,, nodiger Dien.

Jelliuckdes Barnardi Dien.

,, Saundersi Dien.

,, Hoveyi Dien.

Arpaditcs Tassilo Mojs.

DiUtnariles Rawlinsoni Dien.

i-y;. a^. LiWi Guenil>.

„ Trailli Dien.

„ trailliformis Dien.

„ teragadhe^isis Dien.

Trachypleuraspidites (hiffithi Dien.

Mansoni Dien.

iS(einmannites cf. Lubbocki Mojs.

Daphniles sp. ind. aff. Ungeri Mojs.

Dionites sp. ind. aff. Ccesar Mojs.

Drepaniies Schucherti Dien.

„ Eastmani Dien.

„ sp. mat. a//. Marsyas Mojs.
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Cyrtopleuriics Freshfieldi Dien.

,. sp. ind. (iff. Afjrippinac Moj

Tihetiten cf. RijalU Mojs.

Anatibetites Kelvini Mojs.

,, IlobsonI Dien.

Paratibetites Adolphi Mojs.

,, cf. Bertrandi Mojs

„ cf. Geilciei Mojs.

sp. ind. (iff. Tornquisii Mojs.

,, Wheeleri Dien.

Acanlhinites Hocjarti Dien.

Himavatites Watsoni Dien.

Polycyclus Henseli 0pp.

Clionites gracilis Dien.

sp. ind. aff. Huyhesii Mojs.

,, „ ,, aberrans Mojs.

,, ,, Dolloanus Mojs.

,, Stauntoni Dien.

Protrachyceras Ansoni Dien.

Sandlimjites cf. Oribusus v. Dittm.

Pearsoni Dien.

Tiickeri Dien.

„ S'/>. aj^. Archibaldi Mojs.

Sirenites truchyceratoides Dien.

sp. tW. Kohanyi Mojs.

,, Pamphagus v. Dittm.

Agriodus v. Dittm.

c/. Argonautce Mojs.

sp. mc?. a^. Argonauiw Mojs.

argonautceformi8 Dien.

o/. Dianas Mojs.

,, ^t'O? Mojs.

,, Alixis Dien.

„ Vredenburgi Dien.

,, s/j. mfi. Vredenburgi Dien.

Anasirenites cf. Menelaus Mojs.

,, Greeni Dien.



DIENEK : TRIAS OF THE lUMALAVAS.

Distichiles SoUasii Dien.

Falconeri Dien.

sp. ind. aff. nmjacaiillio Mojs.

„ „ celtico Mojs.

,, Atrofus Dittm.

„ ,, ,, Minos Mojs.

„ cf. Harpalos Dittm.

„ Younghusbandi Dien.

,, sp. ind. aff. Youwjhushandi Die

Rej/noldsi Dien.

,, ectolcitiformis Dien.

Ectolcites Hollandi Dien.

arictiformis Dien.

Duncani Dien.

,, sp. iiid. nff. Hoclistetteri Mojs.

Isculites Smithii Dien.

Heimi Mojs.

,,
sp. ind. (iff. oholino Dittm.

Hahrites sp. ind. afj. procyon Mojs.

Jovif.es dacifornds Dien.

spectabilis Dien.

Gonionotites Gemmellaroi Dien.

Parajuvavites Jacquini Mojs.

Anatomites speciosus Dien.

„ cf. crasseplicatiis Mojs,

„ cj. Fischeri Mojs.

,, cf. Theodori Mojs.

cf. Edgari Mojs.

,,
Beresfordi Dien.

Didymites tectus Mojs.

Kitchini Dien.

sp. ind. aff. Quenstedli Mojs.

„ ,, ,, siibglobas Mojs.

Metasibirites Philippii Dien.

Discotropifes Kraffti ien.

„ Mojsisovicsi Dien,

cf. sandliwjemis Hau.
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Manjcvriles cf. aiictus Ditliu.

„ nov. sp. ind. afj. aucto Dittni.

„ Georgii Mojs.

„ Sf. ind. aff. Georgii Mojs.

„ cf. circmnsfinafus Mojs.

„ Stishena Dien.

„ Devasena Dien.

Trofites subbullatus Mojs.

,, cf. fusobuUatus Mojs.

cf. discobidlaius Mojs.

cf. Estellcp Mojs.

,,
sp, ind. aff. acutangidn Mojs.

,, Wodani Mojs.

,, cf. Paracelsi Mojs.

,, Jalandharn Dien.

Manasa Dien.

halapanicus Mojs.

Anafropifes nihalensis Dien.

margaritifonnis Dien.

Paratropites lilinthicus Dien.

Tropiceltites arietitoides Dien.

To this list several forms must be added, belonging to the genera

Loxonema, Orthoceras, Lobites, Thisbites, DiUmarites, Trachycenis, 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

with 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 tlie relations with Upper Triassic faunae of the

Mediterranean region are very strongly marked.

A.S faunistic elements peculiar to the Indian Triassic region the

following must be mentioned :

—

Jelhnekites, Trachypleuraspidites

Himavatiles, the groups of Sirenites Vredenburgi, Drepanites Schucherli,

Clionites gracilis, Distichites ectolicitiformis, Tropiceltites arietitoides,

Anatropites margaritiformis, Their number is, however, less considerable
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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 Tropit.es stibbiillatus. But a

second faunistic element pointing to the noric stage is almost equally

distributed in the Tropites limestone. Not less than 49 species of

ammonites are either identical or very closely allied with specie.* from

the noric Hallstatt limestone or (13) from the Halorites beds. A. v.

Kraft't 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 faunae 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 Kelloway and Oxford ammonites in the

Jurassic oolites of Balin (Galciia), which has been explained by Neumayr

by a want of sediment during that period. The association of carnic

and noric fauna? 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 beds with Halobia comata, of the limestone with Prodydonautilus

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 Trias.sic rocks of Byans.

IV.

—

Summary.

The two best known areas in the Triassic belt of the Himalayas

are Spiti and Painkhanda. 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 fauna?, namely, the Otoceras-Ophi-

ccras fauna, the Meekoceras fauna, and the Flemingites-Heclensfrmnia

fauna. To this must be added the Sihirites fauna, which is hitherto

known with certainty from Byans only. Subdivisions of the Lower

Trias must therefore be based on those clearly marked palfeontological

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 Ceraliles subrobustus

( = Kei/serlingites 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, wliich is under-

laid by a brachiopod- bearing layer with BhynchmcUa Griesbdchi . The

middle division (zone of Spirijerinc Hirnclieyi) contains the fauna of

Keyserlingites Dieneri {Ceratites subrobust us 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 dif?er considerably from the equivalent beds of Spiti and

Painkhanda. The topmost beds of Lower Triassic age contain the fauna

of Sibirites- sj.ini'jer 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 ladinic 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 stag^ 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 considerably towards the east till in Byans their thickness

is almost insignificant. At the same time the shales disappear and their

place is taken by pure limestones.
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In the carnic stage two ammonite faunae can be distinguished, an

upper with Tropiies suhhuVatus, and a lower one with Joannites cymhi-

jorniis. Tlie 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 Johar. They are divided into throe groups of

beds :

—

Quartzite series.

Brachiopod beds.

Cephalopod beds.

Locally the cephalopod beds are very rich in fossils in Johar

(Bambanag clif!). But these beds (Halorites 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 age, which are overlain by the

Upper Jurassic Spiti shales. From Spiti to Byans throughout the Meso-

zoic belt of the Himalayas a ferruginous oolitic layer (Sulcacutus beds)

occurs at the base of the Spiti shales and constitutes a very constant

horizon (Kelloway) 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 so litt'e known, that not even a rough outline

of the stratigraphical sequence can be given.
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B. Tibetan Facies.

The discovery of exotic blocks in Malla Johar by C. L. Griesbach,

C. Diener and (\ 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^ were corroborated by A. v.

Krafft's exploration of the exotic blocks in the neighbourhood of

the Balchdhura in 1900. A. v. KrafTt 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 c/. nivalis Dien.

Hedenstrcemia cf. hyansica Krafft.

1 C. Diener, Ergebnisse, I.e., pp. 588-007, and Mem., Geol. Surv. of India, Vol.

XXVIII, pp. 1-27. C. L. Griesbach, Notes on tlie 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 scftsion du Congres Geol. internal. Yienne,

1900, pp. 547-552.

2 A. V. Krafft, Notes on the exotic blocks of Malla Johar in the Bhot Mahals

of Kumaon, Mejn., Geol, Surv. of India, Vol. XXXII, Pt. 3, pp. 127-183.
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In number of individuals Meekoceras joharense predominates. A
fragmentary specimen of Meekoceras from the Hedenstrccmia beds of

Banna, ejj. in Spiti, has been identified with this species by A. v. Krafftj

although its state of preservation is too bad to warrant a safe identifica-

tion. Xenodiscm nivalis and Hedenstrcemia cf. hyansica suggest a cor-

relation with the Hedenstrcemia stage of the Himalayan series. Meeko-

ceras jolinkense, 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. KrafEt 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. Muschelkalk.

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, contains

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) Kansa Dien.

,, ,, Ambika Dien.

Sibirites Pandya Dien.^

1 Pal. Ind., ser. XV, Himal. i^oss., Vol. II, Pt. 3, The Cephalopoda of the Triassic

limestone ci'ag of Chitichun.

- The reference of this species to tlie genus Sibirites is accepted by E. v. Moj-
sisovics with some reserve (Himalayan Foss., Vol. Ill, Pt. 1, p. 51).
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Monophylliles Confucii Dien.

„ Pradyumna Dien.

„ Pitamaha Dien.

Hara Dien.

., Kingi Dien.

Procladiscites Yasoda Dien.

Xenaspis Middlemissii Dien.

Japonites Ugra Dien.^

Sturia mongoUca 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 lumachelloe of Xenaspis

and MonophyllUes.

The presence of this horizon in the Balchdhura district is doubtful.

Some badly preserved ammonites {Procladiscites cf. Yasoda 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 ol 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 PtycJiites rugifer and Ceratites Thuillien

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

Muschelkalk age of the isolated Middlemiss crag had to be decided by

its fossil contents only. This correlation was afterwards fully confirmed

by A. v. KrafEt's discovery of the fauna of the Middlemiss crag in the

zone of Spiriferina Stracheyi and Keyserlingites Dieneri in the normal

1 Referred to Gymnites originally. It has been demonstrated by E. v. Mojsiso-

vics (Ceplial. dci- Hallstaetter Kalke, Ai)handl. K. K. Geol. RdchsansL, VI 2, Sup-

plem., p. 323), that it combines the shape and sculptm'e of Xewisqns with the

sutures of Japonites and should be inchidcd in the latter genus.
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sections of Spiti and Painkhanda.' This zone has the following species

of ammonites in common with the fauna of the Middlemiss crag :—

Ceratiles (Danubites) Kansa Dien.

Jap mitcs Ugra Dien.

Monophyllites Kingi Dien.

Hara Dien.

„ Confucii 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 palaeontological 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 ^ in Asia Minor, but resembles much more nearly that of the zone

of Spiriferina Strachei/i 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-

fhyllites) 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 Carnic stage.

A dark red, very ferruginous limestone of the exotic block No. I in

A. V. KrafTt's map (S. E. of Balchdhura 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. Carnic 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 in a red marble near

^General Report, Gevl. Sun: of India, for 1899-1900, j). 205.

- F. Toula, Eine Muschelkalk fauna am Ciolf von I.smid in Kleinasien, Beitrage

zur Geol. u. Palosontol. Oesterreich-Ungarns, etc., X, p. 189.
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Sangcha Talla encamping ground. The ammonites were shown by

E. V. Mojsisovics (I.e., p. 18) to belong to a species of Jovites 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 encamping ground was of very

small size- It consisted of a massive, much altered, red limestone and

yielded fragments of Garnites sp. ind. and of Proarcestes sp. ind. ex aff.

ausseano Hauer. Those remains, although very scanty, are sufficient

evidence of a carnic age.

The second exotic block (No. 2) was discovered by A. v. Krafit one

mile to the north-west of the Balchdhura Pass. From a bright red mar-

ble agreeing very closely with the carnic 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 ^ :

—

Dictyoconites nov. sp. ind. aff. Haueri Mojs.

Proclydonautilus triadicus Mojs.

„ Buddhaicus Dien.

Grypoceras suessiiforme Dien.

Mojsvaroceras sj). ind. aff. Turneri Hyatt et Smith.

Cladiscites crassestriatus Mojs.

„ c/. Gorgice Gemm.

„ sp. ind. cf. coracis Gemm.

„ cf. pusillus Mojs.

Hypocladiscites suhcarinatus Gemm.

,, subaratus Mojs.

Arcestes cf. periolcus Mojs.

„ cf. Richthofeni Mojs.

,, sp. ind. aff. decipiens Mojs.

,, cf. placenta Mojs.

Proarcestes Gaytani Klipst.

,, cf. ausseanus Hau.

,, SJ). ind. aff. Barrandei Lbe.

Discophyllites Floweri Dien.

1 C. Diener, Upper Triassic and liassic faunae of the exotic blocks of Malla Johar,
Palceont. Ind., ser. XV, Himal Foss., Vol. I, Pt. 1.
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Pinacoceras sp. ind. afj. rex. Mojs.

Flacites cf. perauctus Mojs.

Biscolropites cf. sandlim/ensis Hau.

Tropites cf. subbullatus Hau.

,, sp. ind. afj. acutangulo Mojs.

„ sp. ind. afj. Wodani Mojs.

Anatropites cf. spinosus Mojs.

,,
Pikjrimii Dien.

Margarites irregularicostatus Dien.

Jovites cf. spectabilis Dien.

daciformis Dien.

Juvavites Kraffti Dien.

,, dogranus Dien.

,, nov. sp. ind. afj. subinterrupto Mojs.

Griesbachites pseudomedleyanus Dien.

cf. Kastneri Mojs.

Anatomites sp. ind. aff. Camilli Mojs.

„ „ Henrici Mojs.

„ „ „ crasseplicato Mojs.

Gonionotites cf. italicus Gemm.

Tibetites bhotensis Dien.

Loxonema {Polygirina) cf. elegans Hoern.

Sagana cf. geometrica Kok.

Capulus {Phryx) joharensis Dien.

Naticopsis sp. ind. aff. obvallato) Kok.

This fauna has intimate relations both with the julic (middle carnic)

and tuvalic (upper carnic) faunae of the Alpine Hallstatt limestone.

There is an assemblage of species indicating nearly equal affinities with

the zones of Trachyceras 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 Hmestone 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 apart, 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 ths 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. DachsteinJcalk.

To the east of Chitichun No. 1 an exotic block was noticed by

Diener {Enjebnisse, etc., i.e., 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 rhaetic 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 Himalayan Dachsteinkalk is well bedded."i

/. 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

1 A. V. Krafl't, Exotic blocks of Malla Johar, 1. c, p. 147.
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corresponding deposits in 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 Aljjine

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 faunae

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 faunae of England or Wurtemberg and those o£

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 fauna; 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 faunae is

noticed in the Eastern basin of the Tethys, which corresponds to the

main belt of the Himalayas compared with th j development in the

Mediterranean 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

lithologica' character, agreeing with the Hallstatt facies of the

Mediterranean province, and the sea was inhabited by a fauna with in-

significant 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 Himalayan stratigraphy. It cannot be

explained satisfactorily by the hypothesis that the "xotic blocks in

.\Ialla Johar are not found in situ but have been carried 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 facics 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 Cephalopoda, which is not surpassed by

any in the Alps. But those horizons 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 fauna? of the

Lower and Middle Triassic, carnic and liassic beds are represented

almost exclusively by cephalopods, the grey limestones of the noric or

rhaetic 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

cephalopod horizons the existence of three is rather doubtful. No. 5

perhaps does not correspond to an independent palaeontological zone,

as defined by a peculiar fauna of ammonites, although Rhynchonella

Griesbachi is restricted to this horizon. From No. 9 only a single

ammonite, Jommites fhanamensis 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.

Noric sta.ge

Carnic stag'e

Spiti.

15. Horizon of Trachy-
pleuraspidites
aff. Qriffithi.

Painkhanda.

15. Horizon of 8age-
nites sp. ind.

14. Horizon of Juva- 14. Horizon of Halo-
vitesf angulatuf. rites procyott.

13. Horizon of Pro-
clydonautilus Gries-

bachi.

12. Horizon of Tropiies
suhhullatus.

10. Horizon of Joan-
tiHes cymhiformis;

9. Horizon of Joan-
nifes thanamensis.

12. Horizon of Moj-
svarites eiigyi-us.

11. Horizon of Juva-
rites tonkinensis and
Hypocl a di sci te s

suharatus.

10. Horizon of Jonn-
iiites cymbiformis.

Byans.

14. -1

13.

12. J

Horizon
of Tro-
pites

suUjuI-

latus

and
Halor-
ites sp.

aff. pro-

cyan.

Exotic blocks
of Cliitichun
and Malla

Joliar.

12.

11.

^ Horizon

I
of Cla-

> discites

1 crasse

J striatus.
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Spiti. Painklianda.

1

Byans.

Exoric blocks
of Cliitichun
and Malla

Johar.

Ladinic stage 8. Horizon of Protra-
chyceras Archelaus-

Muscliclkalk 7. Horizon of Cera-
tites Thuillieri and
Ptychites rugifer.

6. Horizon of Keyser-
lingites Dieneri

7. Horizon of Cei-a-

tites Thuillieri and
Ptijchileg rugifer.

6. Horizon of Keyser-
l ingiies Dieneri.

5. Horizon of Sihiriies

Prahlada.

7. Horizon of
Cera t i t e s

Thuillieri.

6. Horizon ol

MonophyU
lites Confu-
cii.

Lower Trias . 3. Horizon of Beden-
strosinia Mojsisovicsi

and Flemingites
RoJiilla.

2. Horizon of Meeko-
ceras Varaha.

1. Horizon of Otoceras
Woodwardi,

3. Horizon of Heden-
stroeinia Mojitisovicsi

and Plem. Rohilla.

2. Horizon of Meeho-
ceras MarTchami.

1. Horizon of Oto-
ceras Woodwardi.

4. Horizon of
8ih i r it e s

spiniger.

3. Horizon of
HedenstrcS'
mia Moj-
sisovicsi.

3. Horizon of
Meelioceras
john reuse.

Permian Horizon of Cyclolohus
insignis.

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 ?) from the carnic, two (or three ?) 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 Eastei-n Alps is illustrated in the following table :

—

Eastern Alps. Himalayas.

Rhoctic • Horizon of Ghopisioccvus J^uvshit

Noric stage , Hiirizon of Sirenites Argonaidm.
,, ,, Pinacoceras Metter-

nichii.

,, ,, Cyrtopleurites bicre-

natus.

„ ,, Cladiscites ruber. Horizon of ITalorites procyon.

}t ,> Proclydonatitiliis

Griesbachi.

Cai nic stage . Horizon of Tropitvs subhullatus.

„ „ T. Aon

Horizon of Tropites subhullatus.

„ „ Hypocladiscites sub-

araiu.i.

„ Joan7utes cymhi-

formis.

„ „ Joannites thana-
mensis (?).

ch elans.

., ,, Dtnariies avisianus,

„ „ Prot r a c h y c cr a s

Curionii.

Horizon of Protrachyceras Ar-
chelaus.

Muschelkalk . Horizon of Ceratites trinodosus.

jj ji 0 C/ ttttc to Ul- ilUHUiS lit .

Horizon of Ceratites Thuillieri.

„ „Keyserlingites
Dieneri.

„ ,, Sihirites Prahlada.

Lower Trias . Horizon of Tirolites cassianus Horizon of Sibirites spiniger.

,, „ Hedenstrcemia Moj-
sisovicsi

„ „ Meekoceras Marh-
liami.

„ „ Otoceras Woodwardi.

Permian Horizon of Paralecavites sex-
ten sis.

Horizon of Cyclolobus insignis.
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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 Liihothamnium 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 faunae.

The presence of a single cephalopod fauna in the ladinic stage of the

Himalayas is more remarkable. In the Alps three faunae 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 Pr Hmchijceras Archelaus and Daonella Lommeli.

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 to 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 Muschelkalk,

containing Ptychites Gerard! Blfd. and Joannites cf. proavus Dien., re-

present also stratigraphical equivalents of the Alpine Buchenstein beds

the existence of which cannot be proved on palseontological grounds.

The following table shows a correlation of the Triassic cephalopod

horizons of the Himalayas and of the Boreal and Pacific regions. Our

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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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 faunae

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 faunae of which bear

quite a distinct local character, which distinguishes them from the

homotaxial faunae of the Mediterranean and Pacific regions.

E. V. Mojsisovics^ in 1896 pointed out the succession of the Indian

Triassic cephalopod faunae 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

defining 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, Lantenois 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 : Beitraege zur Kenntnis der obertraidischen Cephalopo-

denfaunen des Himalaya, Denkschr. knis. Akad. d. Wiss. Wien, LXIII, p. 686,

—

Himalayan Fossils, l-c, 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 (gulf of Ismid) in the facies of Werfen beds.

The fauna, which has been described by A. Bittner,i 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, • to the lower Muschelkalk by G. v. Arthaber ^ and Noetling.*

The presence of the ladinic stage is indicated by Protrachyceras

nnotolicum Toula.

Upper Triassic deposits are known to us from Baalia Maaden (Mysia)

by the investigations of G. v. Bukowski," who stated them to overlie

unconformably beds of an Upper Carboniferous age. Their fauna was

studied by Bittner.' It contains both noric and rhaetic ^ elements,

but exclusively Brachiopoda, Lamellibranchiata and Gastropoda.

Spirigera ManzaviniiBittn., Mysidia Bittn., Pergamidia Hittn., Sive 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," who examined

1 A. Bittner : Ne2ies Jahrb. f. Min., 1899, I. p. 66.

2 F. Toula : Eine Muschelkalkfauna am Golf von Ismid in Kleinasien, Beitrcege

zur Geol. u. Palaont. Oesterr-Ungarns etc., 1896, X. pp. 15.3-191.

^ G. V. Arthaber, ibidem, XII, p. 226.

F. Noetling, Asiatische Trias, 1. c, p. 11.5.

^ F. Toula : Ueber Protrachyceras anatolicum, ein neues Triasfossil vom Golfe

von Ismid, Neues Jahrb. f. Min. etc., 1898, 1, p. 26.

<> G. V. Bukowski : Die geologischen Verliaeltnisse der Umgebung von Baalia

Maaden 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.

Reichsanst., 1891, XLI, p. 97-—Neue Arten aus der Trias von Baalia, etc., ibid.,

1892, XLII, p. 77.

Bittner determined the age of this fauna as " rhaetic," taking the rhaetic

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 noerdl. Kauka-
sus. Bull. Acad. Imper. des sciences, St. Petersbourg, 1907, p- 277.

L 2 ( 348 )
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the rich materials of Brachiopoda and LameUibrnnchiata collected by

Woi'obieff, the Triassic series begins with shales containing Knninchina

TcUcri Bittn. and Nucula strigiUata Goldf., which must be conelated

with the carnic stage. They aic overlaid by grey and red lime-

stones, which have yielded a rich fauna of noric and rhsetic age. The

following are the most characteristic species :

—

Pseudomonoiis ochotica Keyserl.

Atnfhiclinodonta Katzeri Bittn.

., Siiessii Hofm.

Terehratula pyriformis Suess.

,, turcica Bittn.

Waldheimin reflexa Bittn.

Spiriferina Suessi Winld.

of. hoessenensis Zugm.

Spirifjera Manzabinii Bittn.

,, nxijkolpos Emmr.

Retzia superbesescem Bittn.

Rhynchonella fissicostata Suess.

levantina Bittn.

,, Fuggeri Bittn.

This fauna shows a decidedly Mediterranean character, with the sole

exception of Pseudomonotis ochotica, which points to a connection of

the Mediterranean with the Siberian region.^ Most of the fossils

^re identical or closelv allied with species from Baalia Maaden.

There is no affinity with the Upper Triassic faunae of the Himalayas.

Fossils of Lower Triassic age

—

Pseudomonofis [Claraia) Clarai and

Tirolites sp.—were noticed from Djulfa (Armenia) by E. v.

Mojsisovics.'- 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. Freeh and G. v. Arthaber'' have not

succeeded in fixing it exactly in Abich's section across the Araxes

1 Pseudomonotis ochotica is also known from tlie Upper Triassic shales and sand-

stones of Simferopol in the Crimea (G. v. Arthaber, Alpine Trias, Leiha-n mesoz.,

Hd. 1, p. 440).

- E. V. Mojsisovics : Zur Altersbestimmung der Sedimentiprformationen in der

Aiaxesenge bei Djulfa in Armenian, Verhandl. K. K. Geol. Reichsanst., 1879, p. 171.

F. Freeh and G. v. Arthaber : Ueber das Palaeozoikum in Hocharmenien iind

Persen, Beitrcege zur Geol. ti. Pal. (Esterr. Ungarnseic., 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 Werfen beds were discovered in Darwaz near Raman

not far from the Afghan frontier by A. v. Krafft.^ They consist

of red sandstone, grey limestone, red and grey clay of enormous

t hickness (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 difterence betwee i 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 Mijophoria oiiuinica 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 the

province of Herat, which were discovered by C. L. Griesbach in

1886,' is unfortunately known too little to fix its age with any

certainty. The presence of coal measures, of Dnonella Lommeli and of

Monotis salinaria two bivalves standing widely apart in the strati-

graphical scale of the Alpine Trias, 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 : Geologische Ergebnisse einer Reise durcli das Chanat Bokliara,

Denkschr. Kais. Akad. d. Wissensch., Wein, LXX, 1901, pp. 49-72.

2 A. Bittner : Jahrb. K. K. Geol. Beichsanst, 1898, 48 Bd., pp. 689-718.

^ C Diener, Note on some fossils from the sedimentary rocks of Oman (Arabia)

Records, Geol. Sirn: of India, Vol. XXXVI, 1908, p. 156.

C. L. (Jriesbacli : Field notes, etc. L'ccords, Geol. Sun: of India, 1886, Vol.

XIX, i)p. 2.'i')-2G7.

6 Recent work in Afghanistan has tliiow n considerable doubt on "the accuracy
of these determinations {Mem., Geol. Svrr. India. Vol. XXXIX, ]). 31).

—

Ed.
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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

19U1.' Monotis salinaria Schloth. and Halorites sp. ind. aff. suhcatenato

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 Halohia comparable to H. Charleyana Mojs.

and to the cast of a Ptychites belonging to the section rugiferi, 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. -

In Tonking the presence of the carnic stage has been established

by Diener, who discovered Juvavites tonkmensis Dien., one of the

species of the julic beds with Halohia comata in the Bambanag section,

among the materials brought from the source of the Red river by

French officers. ' A wide distribution of Triassic rocks has been recorded

recently by Zeil, Lantenois, Camillon, Mansuy/ in the environs of

Lang-son and Binn-Lieuh. The fossils, which have been described

by H. Mansuy,^ 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 Grieshaclii Bittn. are referable to the Lower Trias,

perhaps to its lowest stage, the Otoceras beds. The occurrence of

Inyoites 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. Svrv. of India, 1904, Vol. XXXI, p. 162.— C. Diener :

Notes on an Upper Triassic fauna from the Pisliin district, Baluchistan, ibidem,

1906, XXXIV, p. 12.

2 F. R. Cowper Reed : Fossils from Nepal, G'eol. Magazine, Dec. V, New ser.,

Vol. V, 1908, p. 261.

3 C. Diener : Note sur deux especes d' Ammonites triassi(iues du Tonkin, Bnll.

Sac. Geol. de France, 3 ser., T. XXIV, p. 882.

* G. Zeill, H. Lantenois, R. de Laniothe : Contribution a I't-tude geologique

del'Indochine, Mem. Soc. Geol, IV ser., T.I., 1907, Mem. No. 4, p. 24-

^ H. Mansuy : Contribution geologique a la carte de V Indochirif., Paleontologie.

Hanoi 1908, pp. 62-73.
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been compared to Columbites by Mansuy, points to a close faunistic

atHnity with the Lower Trias of Idaho and California. Tlie determina-

tion of Noriles, which was quoted by Douville ' in l89ti, is rather

doubtful.

The presence of Muschelkalk is very uncertain. It might be inferred

from a badly preserved specimen of GeratUes, recalling C. Aimvata Dien.

The fauna of the carnic stage is represented by the following

species :

—

Lima cf. subpunctata D'Orb.

Pecten cf. tuhulifer Muenst.

Hoferia cf. auplicata Muenst.

Hoernesia cf. Joannis Austrioe Klipst.

Paloeoneilo 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

Anodontophora Griesbachi 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 faunae of Chungtien (Loczy)^, Kwechou (Koken)'^

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. Myopiioria

eleqans Dunk, is the only identical species. All the remaining forms

point to a ladinic or carnic age, especially to the fauna of St. Cassian.

This is also the age of the fauna of Kwei-chou, according to Koken.

1 H. Douville, Bull. Soc. Geol. tie Ftanre, 3 .ser. I, XXIV, p. 454.

- Die wi.ssenschaftliehen Ergebni.sse der Reise des f4rafen Be!a Szechenyi ic

Ostasien 1877-1880, Wien 1893, I, p. 738 III, p. 208.

E. Koken : Uber triadsiche Bersteinerungen aus China, Neues Jahrb. j. Min.
etc., 1900, I, pp. 18G-215.

+ Resultats de la mission geologique et ininiere du Yunnan Meridional Sept.

1903-Janvier 1904, Annaku iki^ Minea, 1907, pp.71, 172.

( ^^5-2
)



153 DIENER : TRIAS OF THE HIMALAYAS.

The two faunae are composed almost exclusively of Brackiopoda,

Gastropoda and Lamellibranchiaia, but have not yielded one single

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 1898 under command of M. Leclere discovered the beds with

Myophoria Szecheni/i Loczy near Sui-Longtien. By the expedition

to Yunnan in 1S)03 the presence of two Upper Triassic horizons has

been recorded near A-mi-chu and Yen-fen-chwang. The lower horizon

corresponds to the bed with Myophoria Szechenyi, which in this section

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 aonoides. 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 imbedded in

limestones, shales and variegated sandstones, which 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 the discovery of Triassic fossils in Wichmann's

collections from the island of Rotti by Rothpletz.' 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 faunae of the carnic and noric stages still further

to the east and we.st.

1 A. Rothjiletz : Die Poini Trias-und Jiuafonnation auf Timor und Rotti im

Malayischen i^icliipeJ. Faloeontographicu, Vol. XXXIX, p. 89.

( 353
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Rotti is tlic classical locality in the Malay Airli ipelago, fi'oiii which

the first Triassic fossils were described in 1892 by Rothj)letz. He

distinguished a lower limestone and marl of carnic and a younger

reddish-yellow limestone of noric age. This classification has been

proved to ba entirely correct, although a revision of the fossils by Renz'

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

Pseudomonotis ocholicn 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 Pseudo»ionotis ocJiotica, 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 tiie grey clav

intercalated with, the sandstone one species of Daonella and four of

Halobia 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 Mojs. 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 C Renz : Timor und Rotti in Noetling, Asiatiscke Trias, ). c, p. 211, — Ueber
Halobia und Daonella aiis Grieclicnland nehst asiatisclien Vergleichstuecken,

Neues Jahrb.
f. Min. etc., 1906, I, p. 37-

~ T. Wanner : Triaspetiefakten der Molukken und des TimoiarcJiipeLs, in G.

Boehm, (^eologische M'tteilungen aus deni Indo-austral. Archipel, Neues Jahrh.

j. Min. etc., Beilagebd. XXIV, 1907.

^ W.Voltz : Beitrsege zur geol. Kenntni.s.s von Nord Sumatra, Zeitschr. Deutsch,

Geol. Ges., LI, pp. 1-61.

F. Vogel : Beitr»ge zur Kenntnis der mesozoischen Formationen in Borneu,

Sammlgn, d. Geol. Reichsmuseums in Leiden, ser. I, Bd. VII, 1902, p. 217.
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It is impossible to decide whether or not this determination was correct

since both Pseudomonotis ochotica 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 limited.

Among the collections gathered from those islands by G. Boehm, Dao-

nella lilintana 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, sand-

stones and limestones of noric age was discovered by J. Wanner

in 1901. It has yielded the following species :

—

Montlivaltia moluccana Wann.

Thecosmilia nov. sp. ex. aff. clathratae Emmr.

Pachypora intabulata Wann.

Halorella ampJiitoma Bronn.

,, plicatifrons Bittn.

,, rectifrons Bittn.

Monotis salinaria Schloth.

Amonotis Rothpletzi Wann.

Vanilcoro serangensis Wann.

The facies of the noric beds in Serang recalls strongly the carnic

Kwalu sandstone of Sumatra. In the sandstones of Serang which

occasionallv 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 ' 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 Halobice of the rm/osa group, from Bahabubu (Portu-

guese Timor), Daonella indica Bittn. and D. cf. stijriaca, which have

^ H. Hirschi : Zur Geographic und Geologic von Portugiesisch Timor, Neues
Jahrh. f. Min. etc., Beilagebd, XXIV, 1907, p. 460.
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not been found in situ, must be assigned to tlie carnic stage. The

same conclusion is arrived at with respect to llalohia 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 Pseudnmonotis ochoiica var.

densistriata. This limestone must consequently be considered to be of

noric age.

The Upper Triassic faunas 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 Pseudo)nonotis 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

Upper 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 tlie Caucasus, where Pseudomonotis ocJiotica is associated

with a large number of brachiopods of truly Mediterranean type.

In the south of the 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 faunje of New Caledonia.

According to the valuable data which have been obtained recentlv

by Piroutet,^ 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

1 M. Piroutet, Note sommaire sur le Trias de la Nouvelle Caledonie, Bull., Soc.

Geol. de France, 4 ser. t, VIII, 1908, pp. 324-329.
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island. The eastern facies is represented by graphitic argillaceous

shales with Pseudomonotis Richmondiana 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

3.000 metres. Three main divisions are distinguishable among them.

The lowest division, attaining a thickness of nearly 1,000 metres,

consists 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 Palaeozoic beds, is consequently uncertain.

The middle division has been divided into seven horizons by Piroutet.

It consists of shales, clay, grauwacke, andesitic tufa and breccia. The

owest horizon is a bed with Halobia Zitteli Lindstr. and Halohia

Kwaluana Volz. The first species is one of the leading bivalves of the

shales and Myophoria sandstones of Bears Island ^ and of the calcareous

shales of the Eureka sound. - 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 problematicus

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 Halohia 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 decurtaia

var. dalmatina Bittn., var. devota Bittn are indicative of the Muschel-

kalk, Spiriferina Lipoldi Bittn., Spiriferina gregaria Suess, Retzia ladma

Bittn., Retzia quadricosta Muenst., Spirigera contraplecta Muenst.,

Spirigera indistincta Beyr., Terebratula Oppeli Lbe. of the St. Cassian

and Raibl beds, Halorella sp., Rhynchonella anguUfrons Bittn., Rhyncho-

nella salinaria Bittn. even of the noric Hallstatt limestone and Dach-

steinkalk.

1 J. Boehm : Ueber die obertriadische Fauna der Bsereninsel, Konigl, Svenska

Vetensk. Akad. HmulJ.. Vnl XXXVII, No. 3, 190.3, p. 30.

2 E. Kittl : Die Tiiaslussilien vom Eurekasund, liepoii second Norwegiun Arctic

Exjjedition Fra7H," Nu. 7, 1907, p. 14.
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Tn tho thi-oe (ollowiufi liorizons very large species of Spiriferina and

S'pirigera, belonging cliieHy to tlie group of Sp. Wrei/i Zitt., predomi-

nate. From the nppermost of those three horizons all the ammonites

hitherto known have been (;olleeted. Besides Rhucophi/llites cf. naoju-

rensis (^nenst. and Sfenarcestes nov. sp. ind. described by E. v. Mojsiso-

vics (Ammonites triasi(pies de la Nouvelle Caledonie, Compte Rendu

Acad, des Sciences, Paris, 18, Novembre 1895), several indeterminable

species of Arcestes have been found hy Piroutet, among them repre-

sentatives of the groups of intaslahlati, hicarinati, coloni, sublabiali.

This cephalopod-bearing horizon is overlaid by a bed containing

numerous bivalves, among them Hnlobia austriaca Mojs., //. cf. Suessii

Mojs., H. cf. celtica Mojs., H. cf. coinata 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 faunae—one with carnic and the other with ]ioric 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 Pseiidomo-

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 faunte of New Caledonia with the

Indian and Mediterranean faunae 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,'

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 Ti'ias in Suedamerika, Centralblalt, f. Min, etc.,

1909, p, 1.
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stratigraphically younger than the lower lias with Agassizeras globosum.

The results of the detailed palaeontological investigation of the faunae

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 faunae were 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 most

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, Meeho-

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 represented by

0. Sakuntala. Another branch of the genus Ophiceras is Flemingites,

an intermediate shape between the two genera, Fl. proenuntius, having

been described by Freeh. 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. Hedenstrosmia is also

connected with this genus most intimately by Clypites Waag. (group of

Hedenstroemia lilangensis Kr.). Types specialized more strongly are

Aspenites Hyatt and Pseudosageceras Dien., which is connected with

Hedentroemia 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 trachyoslrnca originated. Forms of Meeko-

ceras with a faintly developed ornamentation, which crosses the

external part {M. Hodgsoni Dien.) belong to a genetic 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

Ceratitidoe, 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 development of its sutures and

in its comparatively wide umbilicus.

The restriction of Tirolitidoe 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 Meekoceratidoe and Xenodiscidos.

Dinarites also became independently developed within the Mediter-

ranean and Boreal provinces, but cannot be regarded as an ancestor of

the Indian Ceratitidce.

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 Joannites and the Permian Cyclolobus makes a genetic connec-

tion between those two genera questionable.

A second stock of cryptogene types, the Haloritidce, 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 Haloritidce to be

an endemic element of the Indian province. But the problem of the

habitat of Haloritidce during the ladinic and lower carnic periods

still remains undecided.

( 360
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Kayser . . . . . , , . . 19

Kcira . . .... 37, 40, 47, 81
Kelloway .......... 1-J8

Kendai . ........ 153
Kerner, F. v. ........ . 49
Keyxerli ii(iifp< Diencri, zone of ..... . 56—58, 60, 63.

78, 127, 134
Kittl, E 48
Koken ...... ... 35, 151
Kossmat ......... 48, 53
Kotelny, island of ........ 113
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Subject. Paqes.

Kraltt, A. v.

Kuling shales

Kwalu sandstone

Kweichou

1, 2, 8-lU, 14,

15, 17—10, 23,
25- 30, 32—34,
36, 37, 45-48,
56, 57, 59—63,
68-72, 74-77,
85—87, 89, 90,

94, 95, 97, 98,

100, 101, 103—
105, 109—111,
117. 120, 121,

126, 132-136,
138, 140, 141,

149, 152

4, 6, 15, 21, 26,

31, 4:^, 45, 47,

51, 52,54, 55
153
151

Lacic substage ....
Ladinic stage . . .

easterly, thinning of .

Himalayan facias of

in Byans, possible absence of

of Brans
of Johar .

of Painkhanda
of Spiti

passage into, from Mnschelkalk

thickness of

Laibach
Lang-son
Lantenois

La Touche, T. H. D.

Led ere, M.
Lias

„ Indo-American migration, resumed

Lilangina, peculiar to India

Lilang series

„ Tropitf s limestone of .
'

Lith'dt'ndnm limestone

Lithotharanium facies

112, 126

7, 8, 11, 28

77

71 -77
118
75—77
75-77
75-77
71—74, 83

71, 72
129
53
150, 151
146, 150

2, 8, 25

146, 152

86, 99, 102, 132
114
108
4
88

101, 102
144
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Subject. Pages.

Liver-coloured limestones

Loczy ....
Lower muschelkalk, cephaplood faun;

Longobardic sub-stage

Lower Trias, correlation of .

„ „ lithology of

„ „ of Hyans

„ „ of Eastern Jobar

„ „ of Kashmir

„ „ of Painkbauda .

„ „ of Spiti

„ Tibetan facies of

of

M
Lydekker, 11.

Magyl rocks, fauna of

Malla Jobar, exotic blocks of

,, „ fauna of .

Mansuy
Marmolatakalk
Megalodon limestone

Meekoceras beds .

,, fauna, of Asiatic origin

Middle Jurassic ......
Middlemiss, C. S.

„ Crag
Middle Trias

„ ., correlated with European and American
Mojsisovics, E. v. .....

Monotis beds

Muc
Muschelkalk

and ladinic stage, passage between
Himalayan facies of
of Byans .

of Eastern Johar
of Kashmii'
of Spiti and Painkhanda
thickness of

Tibetan facies of

86, 104
151

62, 6;^

83
30—42
?A
26, 27

25, 26
27-30
20—25
15—20
132, 133

6, 67, 114, 115

82
136

136, 137
146, 150, 151
84
93, 96, 129

18, 19, 20, 24, 26,

32, 38, 40, 45,

47, 52, 54, 127
39

101, 129

1, 6, 30, 68, 105,
132, 135
133—135
55—77
77—84
6, 7, 36, 41-43,
75, 77. 82, 90,

92, 105, 107—
111, 121, 136,

144, 146, 148,
157, 159

96,97, 111, 116,
141

36

3, 4, 8, 20, 25,

28, 29, 41, 72,

104.

71, 72
55-70
68—70
68
67
55—67
129
133—135

N
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lO U D il JLC X . PAfrES.

Muscbelkalk, uniformity of ..... .

Muth series ......... 4

N
Neumayr .......... 126
Niti limestone ..... ... 11. 12, 16, 22,

56, 57—59. 61,

69. 78
Nodular limestone . . . • .... 57-60
Noetling: .......... 2, 9—11, 21—

24, 29, 31, 32,
34—37. 41, 42,
44—47, 49,
50-5-2, 60, 69,

147. 149, 153
Nopcsa, F. V. ..... .... 37, 80
Noric stage, correlation with Europe and America 108-114

„ „ Himalayan fades of ..... . 94—108
„ ,, Indo-American migration suspended during 114

,, „ thickness of ...... 129

„ „ of Spiti and Painkhanda ..... 94—108

o

Okatsuhama
Olenek hasin, isolation of

„ beds . .

Olenek E. .

Oolite

Ophiceras beds

Oppel, A.
Otoceras beds

„ ,, absence of bracbiopoda in

„ absence of, in Kashmir

„ „ absence of zones in

„ age of . . .

„ „ of Triassic age

Otoceras-Ophiceras fauna

40;

82

42, 82

41. 42, 63
41

80. 99, 102

18—20, 39,

45, 51

3, 4

5, 9, 10, 15. 19,

22, 23, 26, 31,

33, 34, 36, 39,

40, 43, 45, 49,

50, 52, 55, 127

51. 52
30

31, 32
43—46, 54

51, 52
127

Painkhanda, carnic stage of

„ fossils peculiar to

„ ladinic stage .

., Lower Trias of

86—94
66
75-77
20—25
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Subject. Pages.

Painkhanda, Muschelkalk of

„ iioric stage of

„ rhaetic stage of

Pamir, Upper Trias of

Para limestone ....
Passage beds, musohelkalk-ladinic, fauna of
Permian system, upper limit of

Perm o-Triassic boundary
Piroutet

Plant remains in Upper Trias

Pomarangina, peculiar to India
Prionolobus rotundatus, zone of
Prochnow ....
ProclydonautiluB griesbachi fauna

Productus slales, see Ruling shales.

Proptpchites markhami, zone of .

Protrachyceras archelaus, zone of ....
,. curionii, zone of .

Pseudomonotis himaica, horizon of ....
„ „ sti a' igraphical independence doubtful

„ ochotica, fauna of ....
Ptychites rugifer, zone of ..... .

Q

Quartzite series

fauna of

Eaibl
Recoaro
Red mar' lc facias

Reiflingerkalk

Renz
Rhaetic stage ... .

.

„ correl;>tion w-th Europe and North America
„ of Splti and Painkhanda

RAynchonellu derur/ata. 7,(m'. of

griesbacJii, hoiiz. n of

55-67
94—108
94—108
116, 117

4, 99, 115
71, 72

34, 43, 43, 45,
48, 51
42-55
14G, 155, 156
95
108
50
30. 67

86, 104, 107,

108, 110, 120,

126

10
f^3, 84, 144
84
20, 22
33
148. 153, 155,

157
84, 134

85, 86, 93, 97,

98, 104, 111,

128

9f)

104
77
)4

79
153
94—108, 113
108-114
94-108
78
11, 20—22, 56—
59, t)l, 69, 78,

127, 141
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Subject.

Ritnkinites , peculiar to India

Rothpletz . . . .

Rotti, island of . . ,

Sagenites bed

St. Cassian beds

Salter. T. W.
Serajevo

Schellwieii

Schlagintweit, H. and E.

Seis beds

Serang, island of

Sevatic sub-stage

Sibirites fauna

Sibiintes prahlada
Sihirites spiniger, zone of

Smith, F. H.

Smith, J. P.

Smithoceras drummondii
Sosio . , . .

Spiriferina cf. obtusa

„ grieshachi, fauna of

„ „ limestone with

Spiriferina stracheyi, zone of

Spirngera maniensis, horizon of

Spiti, carnic stage of

„ fossils peculiar to

ladinic stage of

„ Lower Trias of

„ muschelkalk of

„ noric stage of

„ rbaetic stage of

Spiti shales

Steinmann
Stephanoceras cf. coronatmn
Stoliczka

Pages.

109
152, 153
152, 153

104

75, 84
a

48

41, 48, 53

3, 15, 28, 29, 67
40, 41, 44, 45,

47, 49, 52, 53,
55
152, 151, 155
144
127
61

33, 127

2, 8, 26, 33, 69,

78, il7, 119,

121

9, 38—40, 42,
48. 51, 81, 82,

84, 113, 146
70, 80
54
101
104

86, 96, 97, 98,

1U4, 111

11, 41, 56-59,
62, 67—69, 78,

80, 117, 127,

134

98, 108, 111
86—94
65
71—74
15—20
55—67
y4_108
94—108
99, 100, 102
49, 157
101

4—6, 15, 27, 29,

62, 67, 114, 112,

116
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Subject.

Strachey, General Sir Richard

Subrobustus beds

Suess, F. E.
Sulcacutus beds

Sumatra
Sanda islands

Sapra—Kuling series .

Tagling limestone

Tibetan fac

and Salt Range

ies, lithology of

of camic stage

of dachsteinkalk

of Lower Trias

of muschelkalk
red limestone of

Timor ......
Tirolites beds ...

„ „ apparent absence of in Himalayas
Toll, Baron E. v. . . .

'

Tonking ......
Toula
Trachyceras aonoides, zone of

,, aon, zone of . . .

Traumatocrinus limestone

„ fauna of . •

„ „ julic age of ... .

Ti'ias of India, ceplialopod horizons in ... .

,, ,, comparative table of ...
„ „ Himalayan fades of . . .

„ „ table correlating with Boreal and Pacific regions

„ „ „ „ „ Eastern Alps .

„ „ table shewing cephaloped horizons in .

„ „ „ „ progi-ess in classification of

„ „ Tibetan facies of . . . . .

Tropites limestone .......
cephalopods peculiar to . . .

fauna of . .

lack of sediment during the deposit of .

Mediterranean afiinities of .

mixture of carnic and noric types in

Tropites subbullatus, zone of .....
Tropitidae, origin of

Tscharnyschew, Th.
Tuvalic sub'Stage .

Pages.

25, 5y, 127

3, 7, 116, 140

101, 119, 128

152—154, 156

146

4
133, 139
135—138
138

132, 133

133, 134, 135

133, 136, 137

152, 154, 155

38
39

82, 113

146, 150, 151

147

75, 108, 137, 152

75

8, 75, 76, 89, 109,

110

90, 91

90
11, 140—145
130, 131

14, 15-131
145
143
142
13

14, 132—140
8, 88, 109, 110

117, 137
125

88, 89,121-125
126
125
126

7, 8, 97, 109, 110,
1-26, 128, 137

113, 114
147
108-110, 126, 137

o
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SUBJECT. Pacjes.

u

Upper musclielkalk, brachiopod fauna of ,

„ „ cephalopod fauna of

.

„ „ gasteropod fauna of .

„ „ lamellibranch fauna of

Upper Trias, correlation with Europe and America

„ „ lithology of ... .

„ „ of Baluchistan ....
„ of Byans .....
,, „ of Kashmir ....
,, „ of Pamir .

„ „ of Spiti and Paiukhanda

„ thickness of in Lilang

Verbeek
Vladivostok

Vogel
Voltz .

Vredenburg, E.

W
Waagen
Walker
Wallich
Wanner
Wengen beds

W'erfen beds

Wichmann .

Worobiefe, W. J.

,

Wynne

Yarkand mission

Yen-fen-chwang
Yunnan

Zeil

64

61.-68, 70

64
64
108—114
85, 86
150
li7-]26
114—116
116, 117

85. 8(;

99

154
40, 41, 82

152,153
146, 152. 153,

156
150

34, 43, 44

2
150
153, 154

73, 8H, 84

15, 28, -29, 43. 47,

49, 52, 55, 147,

149
152
147, 148

34

116

152

41, 146, 152

150
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot. I. Royal 8vo, pp. 309, 1859 (om/o/* ^riwO- Pt. I, 1856 (/>nce I Re.)-. Preliminary
notice on the Coal and Iron of Talchir.—On the geological structure and
relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.

—

On specimens of gold and gold dust from Shue-gween. Pt. 2, 1858 {price

2 Rs.) : On the geological structure of a portion of the Khasi Hills.—On
the geological structure of the Nilghiri Hills (Madras). Pt. 3, 1859
2 Rs.) : On the geological structure and physical features of the districts of

Bankura, Midnapore, and Orissa.—On the laterite of Orissa.—On some fossil

fish-teeth of the genus Ceratodus, from Maledi, south of Nagpur.
Vol. II. Royal 8vo, pp. 341, tSsg {out 0/ print). Pt. i, i860 {price 2 Rs.) : On the

Vindhyan rocks, and their associates in Bundelkand. Pt. 2, i860 {price 3 Rs.)

—On the geological structure of the central portion of the Nerbudda District.

—On the tertiary and alluvial deposits of the central portion of the Ner-
budda Valley.—On the geological relations and probable geological age of

the several systems of rocks in Central India and Bengal.

Vol. III. Royal 8vo, pp. 438. Pt. I, 1863 {price 3 Rs.) {out of print). On the geological

structure and relations of the Raniganj Coal-field.—Additional remarks on
the geological relations and probable geological age of the several systems
of rocks in Central India and Bengal.—Indian Mineral Statistics, I. Coal.

Pt. 2, 1864 {price 2 Rs.) {out 0/print) : On the Sub-Himalayan Ranges
between the Ganges and Ravi.

Vol. IV. Royal 8vo, pp. 450. Pt. I, 1863 {price 2 Rs.) : Report on the Cretaceous
Rocks of Trichinopoly District, Madras. Pt. 2, 1864 {price 2 Rs.) {out of
print) : On the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3,

1865 {price I Re.) : On the Coal of Assam, &c.

Vol. V. Royal 8vo, pp. 354. Pt. I, 1865 {price 3 Rs.) {out of print) : Sections across

N.-W. Himalaya, from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2,

1866 {price I Re.) : On the Geology of Bombay. Pt. 3, 1866 {price 1 Re.)

{out ofprittt): On the J heria Coal-field.—Geological Observations on West-
ern Tibet.

Vol. VI. Royal 8vo, pp. 39$. Pt. i, 1867 {price 8 As.) : On the neighbourhood of

Lynyan, &c., in Sind.— Geology of a portion of Cutch. Pt. 2, 1867 {price

2 Rs.) {out of print): BokSro Coal-field.—Rdmgarh Coal-field.—Traps of

Western and Central India. Pt. 3, 1869 {price 2 Rs. 8 As.) : Tapti and Ner-

budda Valleys.—Frog-beds in Bombay.

—

Oxyglossus pusillus.

Vol. VII. Royal 8vo, pp. 342. Pt. I, 1869 {price 3 Rs.) : Vindhyan series.—Mineral

Statistics.—Coal.—Shillong Plateau. Pt. 2, 1870 {price i Re.) : Karharb5ri

Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (jirice I Re.) : Aden water-

supply.— Kdranpura Coal-fields.

Vol. VIII. Royal 8vo, pp. 353. Pt. i, 1872 {price 4 Rs.) : On the Kadapah and Karnul
Formations in the Madras Presidency. Pt. 2, 1872 {price i Re.) : Itkhuri

Coal-field.— Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Royal 8vo, pp. iv. 358. Pt. i, 1872 {price 4 Rs.) : Geology of Kutch. Pt. 2,

1872 {price I Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carbon-

iferous Ammonites, pp. 65.

Vol. X. Royal 8vo, pp. 359. Pt. i {price 3 Rs.) : Geology of Madras.—Sdtpura Coal-

basin. Pt. 2, 1874 {price 2 Rs.) : Geology of Pegu.

Vol. XI. Royal 8vo, pp. 338. Pt. i, 1874 (price 2 Rs.) : Geology of D5rjiling and

Western Duars. Pt. 2, 1876 (prices Rs.) : Salt-region of Kohdt, Trans-Indus.

Vol. XII. Royal 8vo, pp. 363. Pt. 1, 1877 {price 3 Rs.) : South Mahrdtta Country.

Pt. 2. 1876 {price 2 Rs.) : Coal-fields of the N4ga Hills.

Vol. XIIL Royal 8vo, pp. 248. Pt. i, 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-

field. Pt. 2, 1877 (price 2 Rs. 8 As.) : Geology of the Rdjmahil Hills.

Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Vol. XV. Royal 8vo, pp. 192. Pt. i, 1878 {price 2 Rs. 8 As.) : Geology of the Aurunga

and Hutar Coal-fields (Palamow). Pt. 2, 1880 {price 2 Rs. 8 As.) : Rarakola

and Tatapani Coal-fields (Sirguja).

Vol. XVI. Royal 8vo, pp. 264. Pt. 1, 1879 (price t Re. 8 As.): Geology of Eastern

Coast from Lat. 15° to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.) : The
Nellore Portion of the Carnatic. Pt. 3, 1880 (price 2 Rs.): Coastal Region of

the Godivari District.



Vol. XVII. Royal 8vo, pp. 305. Pt. i, 1879 (price 3 Rs.) : Geology of Western Sind. Pt. a,

1880 (price 2 Rs.) : Trans-Indus extension of the Punjab Salt-range.

Vol. XVIII. Royal 8vo, pp.300. Pt. i, 1881 {price 2 Rs.) : Southern Afghanistan Pt. 2,

i88t (price I Re. 8 As.) (out 0/ print) : Manbhum and Singhbhum. Pt. 3,

1881 (price 2 Ks.): Prdnhita-God^vari Valley.

VcL. XIX. Royal 8vo, pp. 242. Pt. i, 1882 (price 2 Rs.) : The Cachar Earthquake of 1869.

Pt. 2, 1882 (price I Re.): Thermal Springs of India. Pt. 3, 1883 (price

I Re.): A catalogue of Indian Earthquakes. Pt. 4, 1883 (price 1 Re.):

Geology of parts of Manipur and the Ndga Hills.

Vol. XX. Royal 8vo, pp. 240. Pt. i, 1883 (price 2 Rs. 8 As.): Geology of Madura and
Tinnevelly. Pt. 2, 1883 (price 2 Rs. 8 As.) (out of print): Geological notes

on the Hills in the neighbourhood of the Sind and Punjab Frontier between
Quetta and Dera Ghazi Khan.

Vol. XXI. Royal 8vo, pp. 286 (cut 0/ print). Pt. I, 1884 l(/>rjce 2 Rs.) : Geology of the

Lower Narbada Valley. Pt. 2, 1884 (price I Re.) : Geology of Kathiawar.
Pt. 3, i88s(price2 Rs.) (out of print) : Coal-field of South Rewah. Pt. 4,

1885 (price I Re.) : Barren Island.

Vol. XXII. Royal 8vo, pp. 344, 1883 (price 5 Rs.). The Geology of Kashmir, Chamba,
and Khagan.

Vol. XXIII. Royal 8vo, pp. 232, 1891 (price 5 Rs-). Geology of the Central Himalayas.
Vol. XXIV. Royal 8vo, Pt. 1, 1887 {price 1 Re. 8 As.): The Southern Coal-fields of the

Satpura Gondwana basin. Pt. 2, 1890 (J>rice 2 Rs. 4 As.) : Physical Geo-
logy of the Sub-Himalaya of Garhwal and Kumaun. Pt. 3, 1890 (price i Re.

4 As.) : Geology of South Malabar, between the Beypore and Ponnani Rivers.

Vol. XXV. Royal 8vo, i8g6 {price 5 Rs.). Geology of the Bellary District, Madras Presi*

dency.

Vol. XXVi. Royal 8vo, 1896 (price 5 Rs.). Geology of Hazara.

Vol. XXVII. Royal 8vo, Pt. i, 1895 (price i Re.): Marine Fossils from the Miocene of

Upper Burma. Pt. 2, 1897 (price 4 Rs.) : The occurrence of Petroleum in

Burma and its technical exploitation.

Vol. XXVIII. Royal 8vo, Pt. i, 1898 (price 2 Rs.) : Notes on the Geological Structure of the
Chitichun region. A note on the Allahbund in the north-west of the Rann of

Kuchh. Geology of parts of the Myingyan, Magwe and Pakokku Districts,

Burma. The Geology of the Mikir Hills in Assam. On the Geology of
Tirah and the Bazar valley. Pt. 2, 190a (price 3 Rs.) : The Charnockite
Series, a group of Archaean Hypersthenic Rocks in Peninsular India.

Vol. XXIX. Royal 8vo, 1900 (price 5 Rs.) : Report on the Great Earthquake of I2th June
1897.

Vol. XXX. Royal 8vo, Pt. i, 1900 (price 2 Rs.) : Aftershocks of the Great Earthquake of

I2th June 1897. Pt. 2, igoo (price i Re.) : Geology of the neighbourhood of

Salem, Madras Presidency, with special reference to Leschenault de la Tour's
observations. Pt. 3, 1 901 (price 1 Re.): Sivamalai Series of Elaeolite-Syenites.

Pt. 4, igot (price I Re.) : Report of the Geological Congress of Paris.

Vol. XXXI. Royal 8vo, Pt. i, 1901 {price 2 Rs.) : Geology of the Son Valley in the Rewah
State and of parts of the Adjoining Districts of Jabalput and Mirzapur. Pt. 2,

1901 {price 3 Rs.) : A Geological Sketch of the Baluchistan Desert and part

of Eastern Persia. Pt. 3, 190 1 (price I Re.) : Petrological notes on some Peri-

dotites, Serpentines, etc., from Ladakh.

Vol. XXXII. Royal 8vo, Pt. i, 1901 {prtce 1 Re.) : Recent Artesian Experiments in India.

Pt. 2, igot (price 2 Rs.) ; Report on the Rampur Coal-field. Pt. 3, 1902
(price 2 Rs.) : Notes on the " Exotic Blocks" of Malla Johar in the Bhot
Mahals of Kumaon. Pt. 4 (in the Press) : Report on the Jammu Coal-fields.

Vol. XXXIII. Royal 8vo, Pt. i, 1901 (price 8 ks.) : The Kolar Gold-field, being a descrip-

tion of Quartz-Mining and Gold- Recovery as practised in India. Pt. 2, 1901
(price 2 Rs.). Art. i : The Gold-fields of Wainad. Art. 2: Report on the
Auriferous Quartzites of Parhadiah, Chota Nagpur. Art. 3 : Some Auriferous
localities in North Coimbatore. Pt. 3, 1902 (price i Re.): The Geology
of the Kalahaiidi State, Central Provinces.

Vol. XXXIV. Royal 8vo, l^t. i, 1901 {price i Re.) ; On a peculiar form of altered Peridotite

in Mysore State. Pt. 2, 1902 (price 3 Rs.) : The Mica deposits of India.

Pt. 3 1903 (price I Re.): A Note on the Sandhills of Clifton near Karachi.

Vol. XXXV. Royal 8vo, Pt. i, 1902 (price 2 Rs.) : Geology of Western Rajputana. Pt. 2,

1903 (price I Re.) : Aftershocks of the Great Earthquake of 12th June 1897.
Pt. 3. (in the Press) : The seismic phenomena in British India and their

connection with its Geology.

Vol. XXXVI. Royal 8vo, Pt. i, 1904 (price 4 Ri.): Geology of Spiti.

3



PAL^ONTOLOGIA INDIGA.

(Skr. I, III, V, VI, VIII.)—CRETACEOUS FAUNA OF SOUTHERN INDIA,
F. STOLICZKA, except Vol. I, Pt. i, by H. F. BLANFORD.

Skr. I, & III.—Vol. I. The Cephalopoda (1861-65), pp. 216, pis. 94 (6 double),

v.—Vol. II. The Gastropoda (1867-68), pp. xiii, 500, pis. 28.

VI.—Vol. III. The Pelecypoda (1870-71), pp. xxii, 537, pis. 50.

VIII,— Vol. IV. The Brachiopoda, Ciliopoda, Echinodermata, Corals, etc. (1872-73),

pp. V, 202, pis. 29.

(Ser. ir, XI, XII,)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by

O. FEISTMANTEL, except Vol. I, Pt. i, by T. OLDHAM and J. MORRIS.

Vol. I, pp. xviii, 233, pis. 72. 1863-79. Pt. I
;

Rdjmahdl Group, Rdjmahdl Hills. Pt. 2; The
same {^continued). Pt. 3; Plants from Golapilli. Pt. 4; Outliers on the
Madras Coast.

Vol. II, pp. xli, US. pls- 26. 1876-78. Pt. i; Jurassic Flora of Kach. Pt. 2 ; Flora of

the Jabalpur Group.

Vol. Ill, pp. xi, 64 +149, pis. 80 (9 double) (I -XXXI + IA—XLVI IA). 1879-81. Pt. i; The
Flora of the Talchir-Karharbari beds. Pt. 2 ; The Flora of the Damuda and
Panchet Divisions. Pt. 3; The same (^concluded).

Vol. IV, pp. xxvi, 25 + 66, pis. 35 (2 double) (I—XXV + lA—XIV A). Pt. i (1882); Fossil

Flora of the South Rewah Gondwana basin. Pt. 2 (1886); Fossil Flora of some
of the coal-fields in Western Bengal.

(Ser. IX.)-JURASSIC FAUNA OF KACH.
Vol. I (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (6 double).

Vol. II, pt. I (1893). The Echinoidea of Kach, by J. W. Gregory, pp. 12, pis. 8.

Vol. II, pt. 2 (1900). The Corals, by J. W. Gregory, pp. 196, I—IX, pis. 26.

Vol. Ill pt. I (1900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. I— 15.

Vol. in, pt. 2, No. i (1903). Lamellibranchiata : Genus Trigonia, by F. L. Kitchin, pp. 122,

p!s. I— 10.

(Ser. IV.)—INDIAN PRE-TERTIARY VERTEBRATA.
Vol. I, pp. vi, 137, pis. 26. 1865-85. Pt. i (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. de M. Grey Egerton and L. C. Miall and
Blanford. Pt. 3 (1879); Reptilia and Batrachia, by R. Lydekker. Pt. 4
(1885); The Labyrinthodont from the Bijori group; by R. Lydekker.
Pt. 5 (1885); The Reptilia and Amphibia of the Maleri and Denwa groups,

by R. Lydekker.

(Ser. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by

R. LYDEKKER, except Vol. I, Pt. i, by R. B. FOOTE.
Vol. I, pp. XXX, 300, pis. so. 1874-80. Pt. i ; Rhinoceros deccanensis. Pt. 2 ; Molar teeth

and other remains of Mammalia. Pt. 3 ; Crania of Ruminants. Pt, 4; Sup-
plement to Pt. 3. Pt. 5 ; Siwalik and Narbada Proboscidia.

Vol. II, pp. XV, 363, pis. 45. 1881-84. Pt. I ; Siwalik Rhinocerotidae ; Pt. 2; Supplement to

Siwalik and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada Equidae.

Pt. 4 ; Siwalik Camelopardalidae. Pt. 5 ; Siwalik Selenodont Suina, etc. Pt. 6;

Siwalik and Narbada Carnlvora.

Vol. Ill, pp. xxiv, 264, pis. 38. 1884-86. Pt. i ; Additional Siwalik Perissodactyla and Pro-

boscidia. Pt. 2 ; Siwalik and Narbada Bunodont Suina. Pt. 3 ; Rodents
and new Ruminants from the Siwaliks. Pt. 4 ; Siwalik Birds. Pt. 5 ; Mas-
todon Teeth from Perim Island. Pt. 6 ; Siwalik and Narbada Chelonia. Pt. 7;
Siwalik Crocodilia, Laccrtilia und Ophidia. Pt. 8; Tertiary Fishes.
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Vol. IV, pt. I, 1886. Siwalik Mammalia (Supplement i), pp. 18, pis, 6.

„ „ „ 2, !886. The Fauna of the Karnul caves: (and addendum to pt. i;
; pp. (19

—58), pis. S(vii—xi).
•

„ „ „ 3, 1887. Eocene Chelonia from the Salt-range; pp.'7 (59—65), pis. 2 (xii—xiii).

(Ser. VII, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN
INDIA, hv P. MARTIN DUNCAN and W . PERCY SLADEN, except Pt. i, by
F. STOLICZKA.

Vol. I, pp. 16 + no + 382 +91= 599, pis. S +28 + 58 + 13=104. 1871—85. Ft i ;

Tertiary Crabs from Sind and Kach. Pt. I (new 2) ; Sind Fossil Corals and
Alcyonaria, by P. Martin Duncan. Pt. T. The Fossil Echinoidea of Sind;
Fas. I, The Cardita beaumonii beds; Fas. 2. The Ranikot Series in Western
Sind; Fas. 3, The Khirthar Series; Fas. 4, The Nari (Oligocene) Series;

Fas. 5, The Gaj (Miocene) Series; Fas, 6, The Makran (Pliocene) Series.

Blanford. Pt. 4, The Fossil Echinoidea of Kach and Kattywar, by Duncan,
Sladenand Blanford.

(Sbr. XIII.)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

Productus-Limestone Group : Vol. I, Pt. i (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ ,, „ „ 2 (1880). Gastropoda and supplement to pt. :, pp. I II

(73-183), pis. 10 (1 double), (vii-xvi).

„ „ „ „ 3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xvii-

xxivV

„ „ „ ,,4(1882-85). Brachiopoda, pp. 442 (329-770), pis. 62
(xxv-lxxxvi).

„ „ „ ,1 5 (1885). Bryozoa—Annelidae—Echinodermata, pp.
64 (771-834), pis. 10 (Ixxxvii-xcvi).

„ „ „ ,, 6 (1886). Coelenterata, pp. 90 (835-924), pis. 2o
(xcvii-cxvi).

„ ,, ,, ,, 7 (1887). Coelenterata, Protozoa, pp. 74 (925-98),
pis. 12 (cxvii-cxxviii).

Fossils from the Ceratite Formation : Vol. II, pt. 1(1895). Pisces—Ammonoidea, pp. 324, pis. 40.

Geological Results: Vol. IV, pt. i (1889), pp. 1—88, pis. 4.

„ 2 (1891), pp. 89—242, pis. 8.

(Ser. XV.)—HIMALAYAN FOSSILS.

Anthracolithic Fossils of Kashmirand Spiti : Vol. I, Pt. 2 (1899), by Dr. C. Diener, pp. 96, pis. 8.

The Permocarboniferous Fauna of Chitichun No. I: Vol. I, pt. 3 (1897), by Dr. C. Diener,

pp. ICS, pis. 13.

The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897),
by Dr. C. Diener, pp. 54, pis. 5.

The Permian Fossils of the Central Himalayas: Vol. I, pt. 5 (1903), by Dr. C. Diener, pp. 204,
pis. I—10.

The Cephalopoda of the Lower Trias: Vol. II, pt. i (1897), by Dr. C. Diener, pp. 182, p!s. 23.
The Cephalopoda of the Muschelkalk: Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 118, pis. 31.
Upper Triassic Cephalopoda Faunae of the Himalayas : Vol. Ill, pt. i (1899), by Dr. Von Moj-

sisovics, pp. 158, pis. 22.

Trias Brachiopoda and Lamellibranchiata : Vol. Ill, pt. 2 (1900), by Alexander Bittner, pp. 76,
pis. 12 (including 2 double).

Jurassic Fauna : Vol. IV, pt. i (1903), by Professor Dr. V. Uhlig, pp. 132, pis. 18.

(Ser. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.S.

The Fauna of the Kellaways of Mazdr Drik : Vol. I, pt. I (1895), pp.22, pis. 13.

The Fauna of the (Neocomian) Belemnite Reds : Vol. I, 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, pis. 23.

(NEW SERIES.)

The Cambrian Fauna of the Eastern Salt-range: Vol. I, pt. i (1899), K. Redlich, pp. 14, pi. i.

Notes on the Morphology of the Pelecypoda : Vol. I, pt. 2 (1899), Fritz Noetling, pp. 58, pis. 4.

Fauna of the Miocene Beds of Burma: Vol I, pt. 3 (iqoi), Fritz Noetling, pp. 378, pis. 25.

Observations sue quelques Plantes Fcssiles des Lower Gondwanas : Vol. II, pt, I (1902),
R. Zeiller, pp. 39, pis. 7.

The price fixed for these publications is four annas (6 pence) per single plate.
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA,

Vol. I, 1868.

Part t.—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of

useful coal being found in the Garrow Hills. Copper in Bundelkund. Meteorites.

Part 3.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological
notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous
deposits. Lead in the district of Raepur. Coal in the Eastern Hemisphere. Meteorites.

Part 3.—General results obtained from an examination of the gastropodous fauna of the South
Indian cretaceous deposits. Notes on route from Poona to Nagpur via Ahmednuggur,
jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr.
Wynne in the pliocene (?) deposits of the Upper Godavery. The Boundary of the Vin-
dhyan series in Rajputana. Meteorites.

Vol. II, 1869,

Part I.—The valley of the Poorna river, West Berar. On the Kuddapah and Kurnool
formations. Geological sketch of the Shillong plateau. On the occurrence of gold in

the district of Singbhoom, &c. Memorandum on the wells now being sunk at the
European Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part 2.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia
from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic
rocks of Bengal.

Part 3.—Preliminary notes on the geology of Kutch, Western India. Contributions to the
geology and physical geography of the Nicobar Islands.

Part 4.—On the beds containing silicified wood in Eastern Prome, British Burma. Mineralo-
gical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur dis-

trict. Meteorites.

Vol. Ill, 1870.

Part I.—Annual report for 1869. On the geology of (he neighbourhood of Madras. On the
alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges.

Part 2.—Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead
vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central Pro-
vinces. Report on the coal at Korba in the Bilaspur district.

Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the
Occurrence of coal east of Chhatisgarh in the country be':ween Bilaspur and Ranchi.
On petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of

Rawalpindi. On the occurrence of argentiferous galena and copper in the district of

Manbhum, S. W. Frontier of Bengal. Assays of iron ores.

Part 4.—On the geology of Mount Tilla, in the Punjab. The copper deposits of Dalbhum and
Singbhum : I.—The copper mines of Singbhum : 2.—On the copper of Dalbhum and
Singbhum. Meteorites.

Vol. IV, 1871.

Part I.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of

the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon division.

Part 2.—The axial group in Western Prome- Geological structure of the Southern Konkan.
On the supposed occurrence of native antimony in the Straits Settlements. On the

composition of a deposit in the boilers of steam-engines at Raniganj. On the plant-

bearing sandstones of the Godavari valley, on the southern extension of rocks belonging

to the Kamthi group to the neighbourhood of EUore and Rajamandri, and on the possible

occurrence of coal in the same direction.

Pari 3.—The progress and results of borings fot toal in the Godavari valley near Dumagudem
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central

Provinces. Additional note c>n the plant-beating sandstones of the Godavaii valley.
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Part The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field.

Description of the sandstones in the neighbourhood of the first barrier on the Godavari,

and in the country between the Godavari and Ellore.

Vol. V, 1872.

Part /.—Annual report for 1871. Rough section showing the relations of the rocks near

Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin-

ing country. Description of the sandstones in the neighbourhood of the first barrier on
the. Godavari, and in the country between the Godavari and Ellore.

Part 2.—On the geological formation seen along the coasts of Beluchistan and Persia from
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a tra-

verse of parts of the Kummummet and Hanamconda districts in the Nizam's Dominions.
The geology of Orissa. On a new coal-field in the south-eastern part of the Hyderabad
(Deccan) territory.

Part 3.— On Maskat and Massandim on the east coast of Arabia. An example of local join;*

ing. On the axial group of Western Prome. On the geology of the Bombay Presidency.

Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value

of the evidence afforded by raised oyster banks on the coasts of India, in estimating the
amount of elevation indicated thereby. On a possible field of coal-measures in the Godavari
district, Madras Presidency. On the lameta or infra-trappean formation of Central India.

On some recently discovered petroleum localities in Pegu. Correction regarding the sup-

posed eozoonal limestone of Yellam Bile.

Vol. VI, 1873.

Part I.—Annual report for 1872. The geology of the North-West Provinces.

Part 2.—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirzapur and
adjoining country.

Part 3.—Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley

(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On
the Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology
of parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.

Part 4.— On some of the iron deposits of Chanda (Central Provinces), Barren Islands, and
Narkondam. Stray notes on the metalliferous resources of British Burma.

Vol. VII, 1874.

Part I.—Annual report for 1873. On the geological structure of the hill ranges between the
Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj
field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo-
gical notes on part of Northern Hazaribagh.

Part 2.— Geological notes on the route traversed by the Yarkand Embassy from Shah-i-
Dula to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, on
the southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in

Assam. Coal in the Garo Hills. On the discovery of a new locality for copper in

the Narbada valley. Potash-salt from East India. On the Geology of the neighbourhood
of Mari hill station in the Punjab.

Part 3.— Geological observations made on a visit to the Chaderkul, Thian Shan range. On
the former extension of glaciers within the Kangra district. On the building and
ornamental stones of India. Second note on the materials for iron manufacture in the
Raniganj coal-field. Manganese ore in the Wardha coal-field.

Part 4.—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain

considerations adduced by Falconer in support of the antiquity of the human race in India.

Geological notes made on a visit to the coal recently discovered in the country of the Luni
Pathans, south-east corner of Afghanistan. Note on the progress of geological investi-

gation in the Godavari district, Madras Presidency. Notes upon the subsidiary materials
for artificial fuel.
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Vol. VIII, 1875.

Pari I.—Annual report for 1874. The Altum-Artush considered from a geological point of view.
On the evidences of 'ground-ice' in tropical India, during the Talchir period. Trials of

Raniganj fire-bricks.

Part 2. (out of print).—On the gold-fields of south-east Wynaad, Madras Presidency. Geo-
logicdl notes on the Khareean hills ia the Upper Punjab. On water-bearing strata of
the Surat district. Sketch of the geology of Scindia's territories.

Part 3-—The Shahpur coal-field, with notice of coal explorations in the Narbada region.
Note on coal recently found near Moflong, Khasia Hills.

Part 4.—Note on the geologyjof Nepal. The Raigarh and Hingir coal-fields.

Vol. IX, 1876.

Part I (out of print).—Annual report for 187S. On the geology of Sind.

Part 2.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Descrip*
tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms.
Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills.

Part 3.—On the age of some fossil floras in India. On the geological age of certain groups
comprised in the Gondwana series of India, and on the evidence they afford of distinct

zoological and botanical terrestrial regions in ancient epochs. On the relations of the
fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian
faunae of India and Burma.

Part 4.—On the age of some fossil florasjin India. On the osteology of Merycopotamus dis-

similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of Pie-
siosaurus in India. On the geology of the Pir Panjal and neighbouring districts.

Vol. X, 1877.

Part I.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind
and Rajputana. On the occurrence of the cretaceous genus Omphalia near Nameho lake,

Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices
of new and other vertebrata from Indian tertiary and secondary rocks. Description

of a new Emydine from the upper tertiaries of the Northern Punjab. Observations
on under-ground temperature.

Part 2.—On the rocks of the Lower Godavari. On the ' Atgarh Sandstones' near Cuttack,
On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the
Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology
of India.

Parts.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras

in India. On the occurrence of erratics in the Potwar. On recent coal explorations in

the Darjiling district. Limestones in the neighbourhood of Barakar. On some forms
of blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals.

Part 4.—On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold,

and lead ores of the Sambalpur district. Note on ' Eryon Comp. Barrovensis,' McCoy,
from the Sripermatur group near Madras. On fossil floras in India. The Blaini group
and the 'Central Gneiss' in the Simla Himalayas. Remarks on some statements in

Mr. Wynne's paper on the tertiaries of the North-west Punjab. Note on the genera
Choeromeryx and Rhagatherium.

Vol. XI, 1878.

fay/ /.-—Annual report for 1877. On the geology of the Upper Godavari basin, between the
river Wardha and the Godavari, near the civil station of Sironcha. On the geology of

Kashmir, Klshtwar, and Pangi. Notices of Siwalik mammals. The palseontological

relations of the Gondwana system. On ' Remarks, &c., by Mr. Theobald upon erratics in

the Punjab.'

Part 2.—On the Geology of Sind (second notice). On the origin of the Kumaun lakes. On
a trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba,
On the mineral resources of Ramri, Cheduba, and the adjacent islands.
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Part 3.—Note on the progress of the gold industry in Wynaad, Nilgiri district. Notes on

the representatives of the Upper Gondvv ana series in Trichinopoly and Nellore-Kistna

districts. Senarmontite from Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest

on Bombay Island.

Vol. XII, 1879.

Part I.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of

Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang
and Spiti. On a recent mud eruption in Ramri Island (Arakan). On Braunite, with

Rhodonite, from near Nagpur, Central Provinces. Palseontological notes from the

Satpura coal-basin. Statistics of coal importations into India.

Part 2.—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

Jabalpur district. A geological reconnaissance from the Indus at Kushalgarh to the

Kurram at Thai on the Afghan frontier. Further notes on the geology of the Upper
Punjab.

Part S.—On the geological features of the northern part of Madura district, the Pudukota
State, and the southern parts of the Tanjore and Trichinopoly districts included within

the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from

Trichinopoly district, collected in 1877-78. Notes on the genus Sphenophyllum and
other Equisetacese, with reference to the Indian form Trizygia Speciosa, Royle (Sphe-

nophyllum Trizygia, Ung.). On Mysorin and Atacamite from the Nellore district. On
corundum from the Khasi Hills. On the Joga neighbourhood and old mines on the Ner-
budda.

Part 4.—On the ' Attock Slates' and their probable geological position. On a marginal
bone of an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Pun-
jab. Sketch of the geology of North Arcot district. On the continuation of the road

section from Murree to Abbottabad.

Vol. XIII, 1880,

? art t.—Annual report for 1879. Additional notes on the geology of the Upper Godavari
basin in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts,

being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil

fishes from Ramri Island and the Punjab. Note on the fossil genera Noggerathia, Stbg.,
Noggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks
of Europe, Asia, and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and
Sirgujah. On volcanic foci of eruption in the Konkan.

Part 2.—Geological notes. Palaeontological notes on the lower trias of the Himalayas. On
the artesian wells at Pondicherry, and the possibility of finding such sources of water-
supply at Madras.

Part 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab,
Palaeontological notes from the Karharbari and South Rewah coal-fields. Further notes on
the correlation of the Gondwana flora with other floras. Additional note on the artesian
wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions oa the
Arakan coast on 12th March 1879 and in June 1843.

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali
region. Further notes on the correlation of the Gondwana flora with that of the Aus-
tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The re-

soils of Upper India. Note on the Naini Tal landslip, 1 8th September 1880.

Vol. XIV, 1881.

Part I.—Annual report for i88o. Geology of part of Dardistan, Baltistan, and neighbouring
districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note
on some Siwalik carnivora. The Siwalik group of the Sub-Hima!ayan region. On the
South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic
rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants.
Travelled blocks of the Punjab. Appendix to ' Palaeontological notes on the lower trias

of the Himalayas.' On some mammalian fossils from Perim Island, in the collection of the
Bombay Branch of the Royal Asiatic Society.
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Part 2.—The Nahan-Siwallk unconformity in the North-western Himalaya. On some Gond-
wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records,

and the mining record office of Great Britain ; and the Coal and Metalliferous Mines
Acts of 1872 (England). On cobaltite and danaite from the Khetri mines, Rajputana

;

with some remarks on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite
and Blende) with barytes, in the Karnul district, Madras. Notice of a mud eruption in the
island of Cheduba.

Patt 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North-
west Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the
Hazaribagh and Lohardagga districts. Undescribed fossil carnivora from the Siwalik hills

in the collection of the British Museum.
Part 4.—Remarks on the unification of geological nomenclature and cartography. On the

geology of the Arvali region, central and eastern. On a specimen of native antimony
obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggia-
pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section

from Dalhousie to Pangi, -via the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vol. XV, 1882.

Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth
notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-
rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North-west
Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds in

India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from
Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Darjiling
district

; (2) arsenical pyrites in the same neighbourhood
; (3) l<aolin at Darjiling (being

3rd appendix to a report on the geology and mineral resources of the Darjiling district

and the Western Duars). Analyses of coal and fire-clay from the Makum coal-field, Upper
Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to
the production of gas, made April 29th, 1881. Report on the proceedings and result of
the Internationa! Geological Congress of Bologna.

Part 2.—General sketch of the geology of the Travancore State. The Warkilli beds and
reported associated deposits at Quilon, in Travancore. Note on some Siwalik and Nar-
bada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the Mand
rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district,

Central Provinces. On borings for coal at Engsein, British Burma. On sapphires re-

cently discovered in the North-west Himalaya. Notice of a recent eruption from one of

the mud volcanoes in Cheduba.
Part 3.-—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh

on the Harnai route between >ibi and Quetta. New faces observed on crystals of stilbite

from the Western GhSts, Bombay. On the traps of Darang and Mandi in the North-
western Himalayas. Further note on the connexion between the Hazara and the Kashmir
series. On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal-

field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the
Henzada district.

Part 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at
Beddadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the
Kistna.

Vol. XVI, 1883.

Part I.—Annual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciana,
Koninck). On the geology of South Travancore. On the geology of Chamba. On the
basalts of Bombay.

Part 2.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a
skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the
manufacture of iron, in the north-eastern part of the Jabalpur district. On laterite and
other manganese ore occurring at Gosulpore, Jabalpur district. Further notes on the
Umaria coal-fi ;ld.

Part 3.—On the n icroscopic structure of some Dalhousie rocks. On the lavas of Aden.
On the probable occurrence of Siwalik strata in China and Japan. On the occurrence of

Mastodon angustidens in India. On a traverse between Almora and Mussooree made in

October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near
Laour, in Sylhet.
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Part 4.—Palaeontological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur.
On the altered basalts of the Dalhousie region in the North-western Himalayas. On
the microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology

of Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia,

Jaintia, and North Cachar Hills. On native lead from Maulmain and chromite from the

Andaman Islands. Notice of a fiery sruption from one of the mud volcanoes of Cheduba
Island, Arakan. Notice.—Irrigation from wells in the North-Western Provinces and
Oudh.

Vol. XVII, 1884.

Part I.—Annual report for 1883. Considerations on the smooth-water anchorages or mud
banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam
and other caves in the Kurnool district. On the geology of the Chuari and Sihunta
parganas of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling
series of Kashmir.

Part 2.—Notes on the earthquake of 31st December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal exploration.

On the re-discovery of certain localities for fossils in the Siwalik beds. On some of the

mineral resources of the Andaman Islands in the neighbourhood of Port Blair. The
intertrappean beds in the Deccan and the Laramie group in western North America.

Part 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from
the Peshawar Valley to the Salt-range. On the selection of sites for borings in the

Raigarh-Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces.

The Turquoise mines of Nish&pur, Khorassan. Notice of a further fiery eruption from
the Minbyin mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field,

south-west Khasia Hills. Additional notes on the Umaria coal-field.

Part 4.—On the Geology of part of the Gangasulan pargana of British Garhwal. On
fragments of slates and schists imbedded in the gneissose granite and granite of the

North-west Himalayas. On the geology of the Takht-i-Suleimap. On the smooth-water
anchorages of the Travancore coast. On auriferous sands of the Subansiri river, Pon-
dicherry lignite, and phosphatici rocks at Musuri. Work at the Billa Surgam caves.

Vol. XVIII, 1885.

Part I.—Annual report for 1 884. On the country between the Singareni coal-field and the

Kistna river. Geological sketch of the country between the Singareni coal-field and
Hyderabad. On coal and limestone in the Doigrung river, near Golaghat, Assam.
Homotaxis, as illustrated from Indian formations. Afghan field notes.

Part 2.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of

the Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus
Antiquus, nobis ex Fale. and Caut. MS.). On the Geology of Chamba. On the pro-

bability of obtaining water by means of artesian wells in the plains of Upper India.

Further considerations upon artesian sources in the plains of Upper India. On the
geology of the Aka Hills. On the alleged tendency of the Arakan m ud volcanoes to

burst into eruption most frequently during the rains. Analyses of phosphatic nodules and
rock from Mussooree.

Part 3.—On the Geology of the Andaman Islands. On a third species of Merycopotamus.
Some observations on percolation as affected by current. Notice of the Pirthalla and
Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthquake
of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal
earthquake of july 14th 1885. On the Kashmir earthquake of 30th May 1885. On the
results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. On the
mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX, i886.

Part I.—Annual report for 1885. On the International Geological Congress of Berlin. On
some Palaeozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the
Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan
and Persian Field notes. Oa the section from Simla to Wangtu, and on the ipetrologi-

cal character of the Amphibolites and Quartz Diorite^ of the Sutlej iralley.
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Part 3.—On the Geology of parts of Bellary and Anantapur districts. Geology of the Upper
Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive
rocks from the Central Himalayas. Preliminary note on the Mammalia of the Karnul
Caves. Memorandum on the prospects of finding coal in Western Rajputana. Note on
the Olive group of the Salt-range. On the discussion regarding the boulder-beds of the
Salt-range. On the Gondwana Homotaxis.

Part 3.—Geological sketch of the Vizagapatam district, Madras. Preliminary note on the
geology of Northern Jesalmer. On the microscopic structure of some specimens of the
Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Bala^hat
district, C. P.

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khdtan.
Boring exploration in the Chhattisgarh coal-fields. Field-notes fronj Afghanistan: No. 3,
Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,
Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza
valley, Upper Burma.

Vol. XX, 1887.

Part I.—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 traverse
through Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some
Indian image-stones. On soundings recently taken off Barren Island and Narcondam.
On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the
Salt-range, Punjab,

Part 2.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the
Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—to
accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On the
microscopic structure of some specimens of the Rajmahal and Deccan traps. On the
Dolerite of the Chor. On the identity of the Olive series in the east with the speckled
sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B Mushketoff's Geology of Russian
Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and
Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the
'Lalitpur' meteorite.

Part 4.— Note on some points in Himalayan geology. Crystalline and metamorphic rocks of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the
western portion of the District of Raipur. Notes on Upper Burma. Boring exploration

in the Chhattisgarh coal-fields. (Second notice.) Some ren-arks on Pressure Meta-
morphism, with reference to the foliation of the Himalayan Gneissose Granite. A list and
index of papers on Himalayan Geology and 'Wicroscopic Petrology, published in the
preceding volumes of the records of the Geological Survey of India.

Vol. XXI, 1888.

Part I.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,
Garhwal, and Kumaun, Section III. The Birds'-nest or Elephant Island, Mergui Archi-

pelago. Memorandum on the results of an exploration of Jessalmer, with a view to the

discovery of coal. A facetted pebble from the boulder bed (
speckled sandstone ') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part 2.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The
Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks

of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and
Mehowgale coal-fields, Kashmir.

Part 5.—The Manganese Iron and Manganese Ores of Jabalpur. ' The Carboniferous

Glacial Period.' The sequence and correlation of the pre-tertiary sedimentary forma-

tions of the Simla region of the Lower Himalayas.

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. On
blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. On some mica

traps from Barakar and Raniganj.
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Vol. XXII, 1889.

Part I.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in

South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position

of the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Sivvalik and Narbada Chelonia.

Pari 2.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. 'The
Carboniferous Glacial Period.' Notes on Dr. W. Waagen's ' Carboniferous Glacial

Period.' On the oiUfields of Twingoung and Berne, Burma. The gypsum of the Nehal
Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of

Jabalpur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo-
gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous

Matt from NepdI. The President of the Geological Society of London on the Interna-

tional Geological Congress of 1888. Tin-mining in Mergui district.

Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the
Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous
Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rij-
mahdl hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of

the local distribution of important minerals, miscellaneous minerals, gemstones, and quarry
stones in the Indian Empire. Part I.

Vol. XXIII, 1890.

Part I.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the
Pectoral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate
remains from the Nagpur district (with description of a fish-skull). Crystalline and
metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the
bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Part 2.—On the most favourable sites for Petroleum explorations in the Harnai district, Balu-
chistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills, (Upper
Burma). A description of some new species of Syringosphaeridae, with remarks upon their

structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin
Railway between Sharigh and Spintangi, and of the country between it and Khattan
(with a map). Report of a Journey through India in the winter of 1888-89, by Dr.

Johannes Walther, translated from the German, by R. Biuce Foote. On the Coal-fields of

Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). Further
Note on Indian Steatite. Provisional Index of the Local Distribution of Important
Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire
(continued from p. 286, Vol. XXII).

Part 4.—Geological sketch of Naini Tal ; with some remarks on the natural conditions

governing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird
Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during
season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The
Deep Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine,
Hazara (with two platesj.

Vol. XXIV, 1891.

Part I.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, with a
re-considered theory of the Origin and Age of the Salt-Marl (with five plates). On veins
of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a
trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Rajpu-
tana, and of the Saline efflorescence called ' Reh ' from Aligarh in the North-Western
Provinces. Analysis of Dolomite from the Salt-range, Punjab.

Part 3.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country,
Suleiman Hills. On Mineral Oil from the Suleiman Hills, Note on the Geology gf
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the Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note on
the reported Nams^ka Ruby-mine in the Maingl6n State. Note on the Tourmaline
(Schorle) Mines in the Maingl6n State.- Note on a Salt-spring near Bawgyo, Thibaw
State.

Part 3.—Boring Exploration in the Daltongunj Coal-field, Palamow (with a map). Death of
Dr. p. Martin Duncan. Contributions to the study of the Pyroxenic varieties 0^ Gneiss
and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling

Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a
map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two
plates).

Vol. XXV, 1892.

Part I.—Annual report for 1891. Report on the Geology of Thai Chotiali and part of the

Mari country (with a map and S plates). Petrological Notes on the Boulder-bed of the

Salt-range, Punjab, Sub-recent and Recent Deposits of the valley plains of Quetta,
Pishin, and the Dasht-i-Bedaolat; -with apptndic^s on ^/le Chamans 0/ Quetta; and the
Artesian water-supply of Quetta and Pis'.iin (with one plate).

Part 2.—Geology of the Safed Kdh (with 2 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section platesi {oat of print).

Part 3.—Note on the Locality of Indian Tscheffkinite. Geological Sketch "/ the country
north of Bhamo. Preliminary Report on the economic resources of the Amber and Jade
mines area in Upper Burma. Preliminary Report on the Iron-Ores anl Iron-Industries

c/ ^/t« Salem District. On the Occurrence 0/ Riebeckite in India. Coal on the Great
Tenasserim River, Mergui District, Lower Burma.

Part 4.—Report on the Oil Springs at Moghal Kot in the Shirani Hills (with 2 plates).

Second Note on Mineral Oil fram the Suleiman Hills. On a New Fossil, Amber-like
Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the

Salt-range.

Vol. XXVI, 1893.

Part I.—Annual report for 1892. Notes on the Central Himalayas (with map and plate).

Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence

of Burmite, a new Fossil Resin from Upper Burma. Report on the Prospecting Opera-
tions. Mergui District, 1891-92.

Part 2.—Notes on the earthquake in Baluchistan on the 20th December 1892 (with 2 plates).

Further Note on Burmite, a new amber-like fossil resin from Upper Burma. Note on the

Alluvial deposits and Subterranean water-supply of Rangoon (with a map).
Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with I plate). On a deep Boring at Chandernagore. Note on
Granite in the districts of Tavoy and Mergui (with a plate).

Part 4,— On the Geology of the country between the Chappar Rift and Harnai in Baluchistan

(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley witk
specinl reference to the Tendau-Kamapying Coal-field (with two mapsj. On a Magnetite
/rom <Ae Madras Presidency containing Manganese and Alumina. On Hislopite (Haugh-
ton) (with a plate).

Vol. XXVII, 1894.

Part J.—Annual report for 1893. Report on Me Bhaganwala Coal-field, Salt-range, Punjab
(with map and 2 plates).

Part 2.—Note on the Chemical qualities of petroleum from Burma. Note on the Singareni
Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on the

Gohna Landslip, Garhwal (with 5 plates and 2 maps).
Part 3. — On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih

(Karharbari) Coal-field, viiith notes on the labour and methods of working (with 2 maps
and 8 plates of sections). On the Occurrence of Chipped (V^ Flints in the Upper Miocene
of Burma (with a plate). Note on the Occurrence of Velates Schmideliana, Chemn.,
and Provelates grandis, Sow. Sp. in the Tertiary Formation 0/ India and Burma (with 2
plates).

Part 4.— Note on the Geology of Wuntho in Upper Burma (with a map). Pieliminary notice

on the Echinoids from the Upper Cretaceous System of Baluchistan. On Highly Phos»
phatic Mica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a

.Vljca-Hypersthene-Hornblende-Peridotite in Bengal.
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Vol. XXVIII, 1895.

Part /.—Annual report for 1894. Cretaceous Formation of Pondicherry, Some early allusions

to Barren Island; tuith a few remarks thereon. Bibliography 0/ Barren Island and Nar-
condam,/row 1884 to 1894; with some remarks.

Part 2.— On the importance o/ Cretaceous Rocks ^ Southern India, in estimating the geogra-

phical conditions during later cretaceous times. Report on the Experimental Boring for
Petroleum at Sukkur from October i8g3 to March i8gs. The development and Sub-
division of the Tertiary system in Burma.

Part 3.—On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology
of the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4.— On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact
Effects. On some outliers 0/ <Ac Vindhyan system south 0/ fAe Sone and their relation

to the so-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area 0/

the Sone Valley. Note on Dr. Fritz Noetling's paper on the Tertiary system in
Burma, in the Records of the Geological Survey of India for i8gs, Part 2.

Vol. XXIX, 1896.

Part I.— Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the

Origin and Growth of Garnets and of their Micropegmatitic intergromths in Pyroxemc
rocks (with 1 plate).

Part 2.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 2—6 plates). Preliminary notes on some
Corundum localities in the Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On the

papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of Gondwana-
land." Notes from the Geological Survey of India.

Part 3.—On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

Part 4.— Report on the Steatite mines, Minbu District, Burma. Further notes om the Lower
Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological

Survey of India.

Vol. XXX, 1897,

Part I,—Annual report for 1896. On some Norite and associated Basic Dykes and Lava-
flows 'tw Southern India (with plates I to II). The reference of the genus Vertebraria.

On a Plant of Glossopteris with part of the rhizome attached, and on the structure

of Vertebraria (with plates III to V).
Part 2.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the

Geological Survey of India.
Part 3.—Note on Flow-structure in an Igneous dyke (with plate XI). Additional note on

the Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavations
for corundum near Palakod, Salem District (with plate XIII). Report on the occurrence
of coal at Palana village in Bikanir State (with plate XIV). An account of the geolo-

gical specimens collected by the Afghan-Baluch Boundary Commission of 1896 (with plate

XV). Notefrom the Geological Survey of India (with plates XVI and XVII).
Part 4.—On Nemalite from Afghanistan. On a quartz-barytes rock occurring in the Salem

District, Madras Presidency (with plate XVIII). Note on a worn femur of Hippopotamus
irravadicus, Caut. and Falc, from the Lower Pliocena of Burma (with plates XIX and
XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on micas.

Notesfrom the Geological Survey of India.

Vol, XXXI, 1904.

Part /.—Prefatory Notice. On a deposit of copper ore near Komai, Darjeeling District. Note
on the Zewan beds in the Vihi District, Kashmir. Report on the coal deposits of Isa

Khel, Mianwali District, Punjab. Report on the Um-Rileng Coal-beds, Assam. Note on
a sapphirine-bearing rock from Vizagapatam District. Miscellaneous Notes. Assays.

Part 2.— (In the Press.)

The price fixed for Jhese publications is i rupee each part, or 2 rupees each volume.
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Manuals, Guides and Maps.
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Registrar, Geological Survey of India, 27, Chowringhee Road, Calcutta. Indexes to the
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. 1. Pt. I, 1856 {out or print): Coal and Iron of Talchir.—Talchir Coal-field.—
Gold-yielding deposits of Upper Assam.— Goldfrom Shu^-gween. Pt. 2, 1858
{out of print): Geo\og\ca.\ structure of a portion of Khasi Hills.—Geological
structure of Nilghiri Hills (Madras). Pt. 3, iSsg {out ofprint) : Geological
structure and physical features of districts of Bankura, Midnapore, and Orissa.

— Laterite of Orissa.— Fossil fish-teeth of genus Cfiratodsis, from Maledi, south
of Nagpur.

Vol. II. Pt. I, i860 (oM< of print): Vindhyan rocks, and their associates in Bundel-
kand. Pt. 2, i860 {out of print) i Geological structure of central portion of

Nerbudda District.—Tertiary and alluvial deposits of central portion of Ner-
budda Valley.—Geological relations and probable age of systems of rocks in

Central India and Bengal.

Vol. III. Ft. i, 1863 {out of print) : Raniganj Coal-field.—Additional remarks on systems
of rocks in Central India and Bengal.—Indian Mineral Statistics, I. Coal.
Pt. 2, 1864 (out of print): Sub-Himalayan Ranges between Ganges and
Ravi.

Vol. IV. Pt. I, 12,62 {out of print) : Cretaceous Rocks of Trichinopoly District, Madras.
Pt. 2, 1864 {out of print) : Districts of Trichinopoly, Salem, etc. Pt. 3, 1865
{out of print) : Coal of Assam, etc.

Vol. V. Pt. I, 1865 (ott< of print): Sections across N.-W. Himalaya, from Sutlej to

Indus.—Gypsum of Spiti. Pt. 2, 1866 {out of print) : Geology of Bombay.
Pt. 3, 1866 {out of print): Jheria Coal-field.—Geological Observations on
Western Tibet.

Vet. VI. Pt. I, 1867 {out of print) : Neighbourhood of Lynyan, etc., in Sind.—Geology
of portion of Cutch. Pt. 2, 1867 {out of print): Bokdro Coal-field.

—

Ramgarh Coal-field.—Traps of Western and Central India. Pt. 3, 1869
{price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys.—Frog-beds in Bombay.

—

Oxyglossus pusillus.

Vol. VII. Pt. I, 1869 {price 3 Rs.) ; Vindhyan series.— Mineral Statistics.—Coal.

—

Shillong Plateau. Pt. 2, 1 870 (/>ricf I Re.): KarharbSii Coal-field.—Deoghar
Coal-field. Pt. 3, 1871 {price i Re.) : Aden water-sapply.—KSranpura Coal-
fields.

Vol. VIII. Pt. 1, 1872 {price 4 Rs.) : Kadapah and Karnul Formations in Madras Presi-

» dency. Pt. 2, 1872 {price 1 Re.) : Itkhuri Coal-field.—Daltonganj Coal-field.

—Chope Coal-field.

Vol. IX. Pt. I, 1872 {price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 {price 1 Re.) :

Geology of Nagpur.—Geology of Sirban Hill.—Carboniferous Ammonites.

Vol. X. Pt. 1 {price 3 Rs.) : Geology of Madras.—Sdtpura Coal-basin. Pt. 2, 1874
{price 2 Rs.) : Geology of Pegu.

Vol. XI. Pt. 1, 1874 {price 2 Rs.) : Geology of DSrjiling and Western Duars. Pt. 2,

1876 {price 3Ra.) : Salt-region of Kohit, Tran^Indus.

Vol. XII. Pt. I, 1877 {price 3 Rs.) : South Mahr^tta Country. Pt. 2. 1876 {price

2 Rs.) : Coal-fields of Ndga Hills.

Vol. XIIL Pt. i, 1877 {price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 {price

2 Rs. 8 As.) : Geology of Rdjuahil Hills.

VCL. XIV. 1878 {price 5 Rs.) : Geology of Salt-range in Punjab.

Vol. XV. Pt. I, i8j8 (price 2 Rs. 8 As.): Aurunga and HutAr Coal-fields (Palamow).
Pt. 2, 1880 {price 2 Rs. 8 As.) : Ramkola andTatapani Coal-fields (Sirguja).

Vol. XVI. Pt. i, 1879 {price i Re. 8 As.): Geology of Eastern Coast from Lat. 15° to

ftiasulipatam. Pt. 2, 1880 {price i Re. 8 As.): Nellore Portion of Carnatic.

Pt. 3, iE2o (price 2 Rs.): Coastal Region of Goddvari District.
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Vol. XVII. Pt. i, 1879 (price 3 Rs.): Geology of Western Sind. Pt. a, 1880 2 Rs.j

Trans-Indus extension oi Punjab Salt-range.

Vol. XVIII. Pt. i, 1881 (price 2 Rs.) : Southern Afghanistan. Pt. 2, 1881 (out of print):

Minbhum and Singhbhum. Pt. 3, 1881 (price 2 Rs.): Prdnhlta-Goddvari
Valley.

Vol. XIX. Pt. 1, 1882 (price 2 Rs.) : Cachar Earthquake of 1869. Pt. 2, 1882 (price I Re.):

Thermal Springs of India. Pt. 3, 18S3 (price i Re.); Catalogue of Indian
Earthquakes. Pt. 4, 1883 (out 0/ print) : Geology of parts of Manipur and
NAga Hills.

Vol. XX. Pt. i, 1882 (out of print) Geology of Madura and Tinneveliy. Pt. 2, 1883
(nut of print): Geological notes on Hills in neighbourhood of Sind and
Punjab Frontier between Quetta and Dera Ghazi Khan.

Vol. XXI. Pt. i, 1884 (out of print) : Geology of Lower Narbada Valley. Pt. 2, 1884
(otU of print): Geology of Kathiawar. Pt. 3, 1885 (out of priitt) : CoaI-
field of South Rewah. Pt. 4, 1885 (out of print) : Barren Island.

Vol. XXII. 1883 (price 5 Rs.): Geology of Kashmir, Chamba, and Khagan.

Vol. XXIII. 1891 (price S Rs.) : Geology of Central Himalayas.

Vol. XXIV. Pt. i, 1887 (out of print): Southern Coal-fields of Sdtpura Gondwdna basin

Pt. 2, 1890 (price 2 Rs. 4 As.) : Geology of Sub-Himalaya of Garhwil and
Kumaun. Pt. 3, 1890 (price 1 Re. 4 As.): Geology of South Malabar,
between Beypore and PonnSni Rivers.

Vol. XXV. 1896 (^rff* 5 Rs.) : Geology of Bellary District, Madras Presidency,

Vol. XXVI. 1896 (out of print) : Geology of Hazara.

Vol. XXVIl. Pt. i, 1895 (price i Re.) : Marine Fossils from Miocene of Upper Burma. Pt. 2,

1897 (out of Print) : Petroleum in Burma and its technical exploitation.

Vol. XXVIII. Pt. i, i8g8(price 2 Rs.) : Geological Structure of Chitichun region.—Allahbund
in north-west of Rann of Kuchh.—Geology of parts of Myingyan, Mag\v6 and
Pakokku Districts, Burma.—Geology of Mikir Hills in Assam.—Geology of
Tirah and BazAr valley. Pt. 2, igoo (price 3 Rs.) : Charnockite Series,

group of Archaean Hypersthenic Rocks in Peninsular India,

Vol. XXIX, 1900 (/ir»c« S Rs.) : Earthquake of I2th June 1897.

Vol. XXX. Pt. i, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of I2th June 1F97.

Pt. 2, 1900 (price I Re.) : Geology of niighbourhood of Salem, Madras Presi-

dency. Pt. 3, IQOI (price I Re.): Sivamalai Series of Elaeolite-Syenites and
Corundum Syenites. Pt. 4, 1901 (price i Re.) : Geological Congress of Paris.

Vol. XXXI. Pt. i, 1901 {price 2 Rs.) : Geology of Son Valley in Rewah State and of parts

of jabalpur and Mirzapur. Pt. 2, 1901 {price 3 Rs.) : Baluchistan Desert and
part of Eastern Persia. Pt. 3, 1901 (price I Re.) : Peridotites^ Serpentines,
etc., from Ladakh.

Vol. XXXII. Pt. 1, 1901 {price 1 Re.) : Recent Artesian Experiments in India. Pt. 2, 1901
(price 2 Rs.); Rampur Coal-field. Pt. 3, 1902 (p^ire 3 Rs.) : "Exotic
Blocks " of Malla Johar in Bhot Mahals of Kuraaon. Pt 4, 1904 {pricey Rs.) :

Jammu Coal-fields.

Vol. XXXJU. Pt. 1, 1901 (price 8 Rs.): Kolar Gold-field. Pt. 2, 1901 (price a Rs.) : Art. i

:

Gold-fields of Wainad ; Art. 2 : Auriferous Quartzites or Parhadiah, Chot*,
Nagpur ; Art. 3: Auriferous localities in North Coimbatore. Pt. 3, 1902
(price I Re.) : Geology of Kalahaiidi State, Central Provinces.

Vol. XXXIV. Pt. i, igoi (price i Re.) : Peculiar form of altered Peridotite in Mysore State.

Pt. 2, 1902 (price 3 Rs.) : Mica deposits of India. Pt. 3, 1903 (price I Re.)

:

Sandhills of Clifton near Karachi. Pt. 4 (in the Press) : Geology of Persian
Gulf and adjoining portions of Persia and Arabia.

Vol. XXXV. Pt. i, 1902 (price 2 Ks.): Geology of Western Rajputana. Pt.2, 1903 (^r«V« i

Re.) : Aftershocks of Great Earthquake of lath June 1897. Pt. 3, 1904 (price

I Re.): Seismic phenomena in British India and their connection with its

Geology. Pt, 4 (in the Press): Geology of Andaman Islands, with reference

to Nicobars.
Vol. XXXVI. Pt. i, 1904 (price 4 Rs.) : Geology of Spiti. Pt. 2, 1907 {piice 3 Rs.) Geology

of Provinces of Tsang and t) in Central Tibet.

Vol. XXXVII. (In the Piess) : Mauganese-ore Deposits of India.
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PAL^ONTOLOGIA INDICA.

(Sbr. 1,111, V, VI, VIII.)—CRETACEOUS FAUNA OF SOUTHERN INDIA, by

F. STOLICZKA, except Vol. I, Pt. i, hy H. F. BLANFORD.

Ser. I & III.—V^OL. I. The Cephalopoda (i86i-5s), pp. 216, pis. 94 (6 double),

v.—Vol. II. The Gastropoda (1867-68), pp. xiii, 500, pis. 28.

VI.—Vol. III. The Pelecypoda (1870-71), pp. xxii, S37, pis. 50.

VIII.—Vol. IV. The Brachiopoda, Ciliopoda, Echinodermata, Corals, etc. (1872-73),

pp. V, 202, pis. 29.

(Ser. II, XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM,
O. FEISTMANTEL, except Vol. I, Ft. i, by T. OLDHAM and J. MORRIS.

Vol. I, pp. xviii, 233, pis. 72 (1863-79). Pt. i : Rdjmah^I Group, RSjmahdl Hills. Pt. 2: The
same {continued'). Pt. 3: Plants from Golapili. Pt. 4: Outliers on the

Madras Coast.

^ Vol. 11, pp. xli, IIS, pis. 26 (1876-78). Pt. i; Jurassic Flora of Kach. Pt. 2 : Flora of

the Jabalpur Group.

Vol. Ill, pp. xi, 64+ 149, pls-So (9 double) (I-XXXI + IA—XLVIIA) (1879-81). Pt. i : The
Flora of the Talchir-Karharbari beds. Pt. 2 : The Flora of the Damuda and
Panchet Divisions. Pt. 3 : The same (concluded).

\^ Vol. IV, pp. xxvi, 25 + 66, pis. 35 (2 double) (I—XXV + lA—XIV A). Pt. i (1882): Fossil

Flora of the South Rewah Gondwana basin. Pt. 2 (1886) : Fossil Flora of some
of the coal-fields in Western Bengal.

(Shr. IX.)-JURASSIC FAUNA OF KACH.
^ Vol. I (1873-76). The Cephalopoda, by W. Waagkn, pp. i, 247, pis. 60 (6 double).

/ Vol. 11, pt. 1 (1893). The Echinoidea of Kach, by J. W. Grbgory, pp. 12, pis, 3.

^ Vol. II, pt. 2 (1900). The Corals, by J. W.Gregory, pp. 196, I—IX, pis. 26.

Vol. Ill, pt. 1 (1900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. i— 15.

'
( Vol. hi, pt. 2, (1903). Lamellibranchiata : Genus Trigonia, by F. L. KiTCHiN, pp. 122,

pis. I— 10.

(Sbr. IV.)-IND1AN PRE-TERTIARY VERTEBRATA.

V Vol. 1, pp. vi, 137, pis. 26 (1865-85). Pt. i (1865): The Vertebrate Fossils from the Panchet
rocks, by T. H. Huxley. Pt. 2 (1878): iThe Vertebrate Fossils of the Kota-
Maleri Group, by Sir P. de M. Grey Egerton and L. C. Miall and
Blanpord. Pt. 3 (1879): Reptilia and Batrachia, by R. Lvdekkkr, Pt. 4
(1885): The Labyrinthodont from the Bijori group; by R. Lydekkbr.
Pt. 5 (1885): The Reptilia and Amphibia of the Maleri and Denwa groups,
by R. Lvdbkksr.

(Shr. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by

R. LYDEKKER, except Vol. I, Pt. i, by R. B. FOOTE.

Vol. VT, pp. xxx,3oo, pis. 50 (1874-80). Pt. 1 : Rhinoceros deccanensis. Pt. 2 : Molar teeth

and other remains of Mammalia. Pt. 3 : Crania of Ruminants. Pt. 4 : Sup-
plement to Pt. 3. Pt. S : Siwalik and Narbada Proboscidia.
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V/ Vol. II, pp. XV, 363, pis. 45 (1881-84). Pt. i : Siwalik Rhinocerotidae. Pt. 2 : Supplement to

Siwalik and Narbada Froboscidia. Pt. 3 : Siwalik and Narbada Squidse.

Pt. 4 : Siwalik Camelopardalidae. Pt. S : Siwalik Selenodont Suina, etc. Pt. 6
;

Siwalik and Narbada Carnivora.

l/VoL. Ill, pp. xxiv, 264, pis. 38 (1884-86). Pt. I : Additional Siwalik Perissodactyla and Pro-

boscidia. Pt. 2 : Siwalik and Narbada Bunodont Suina. Pt. 3 : Rodents
and new Ruminants from the Siwaliks. Pt. 4 : Siwalik Birds. Pt. 5 : Mas-
todon Teeth from Perim Island. Pt. 6 : Siwalik and Narbada Chelonia. Pt. 7 :

Siwalik Crooodilia, Lacertilia and Ophidia. Pt. 8 : Tertiary Fishes.

V'VoL. IV, pi. I ( i«b6). Siwalik Mammalia (Supplement i), pp. 18, pis, 6.

,yVoL. IV, pt. 2(i8S6). The Fauna of the Karnul caves : (and addendum to pt. I)j pp. 40

U9—58\ pis. S (yii—xi).

^OL. IV, pt. 3 (1887) Eocene Chelonia from the Salt-range; pp. 7 (59—65), pis. 2 (xii—xiii).

(Sbr. VII, XIV.)—TERTIARY AND UPPER CRETACROUS FAUNA OF WESTERN
INDIA, Av P. MARTIN DUNCAN and W . PERCY SLADEN, except Pt. i, by

F. STOLiCZKA.

3 , \yV0L. I, pp. 16+ no + 382 + 91= 599, pis. 5 +28 + 58 + 13=104(1871—85). Pt. i :

Tertiary Crabs from Sind and Kach. Pt. i (new 2) : Sind Fossil Corals and
Alcyonaria, by P. Martin Duncan. Pt. 3; The Kossil Echinoidea of Sind:
Fas. I, The Cardita beaunionti beds; Fas. 2, The Raniket Series in Western
Sind; Fas. 3, The Khirthar Series; Fas. 4, The Nari (Oligocene) Series;
Fas. 5, The Gaj (Miocene) Series; Fas. 6, The Makrdn (Pliocene) Series.

Blanford. Pt. 4 : The Fossil Echinoidea of Kach and Kattywar, by Duncan,
Sladenand Blanford.

(Sbr. XIII.)—salt-range FOSSILS, by WILLIAM WAAGEN, Ph.D.

\/ Productus-Limestone Group: Vol. I, pt. 1 (1S79). Pisces, Cephalopoda, pp. 72, pis. 6.

„ „ „ „ 2 (18S0). Gastropoda and supplement to pt. I, pp. in
(73—183), pis. 10 ( I double), (vii—xvi).

'

V >> i> >> „ 3 (1881). Pelecypoda, pp. 144 (185—328), pis. 8
(xvii—xxiv).

\/ „ n II ,,4(1882—85). Brachiopoda, pp. 442 (329—770)
pis. 62 (xxv— Ixxxvi).

,1 ** ,1 It 5 (1885). Bryozoa—Annelidas—Echinodermata, pp.
64 (771—834), pis. 10 (Ixxxvii—xcvi).

U „ I, 11 „ 6 (1886). Coelenterata, pp. 90 (835—924), pis. 20
(xcvii—cxvi).

I, „ I. II „ 7 (1887). Ccelenterata, Protozoa, pp. 74 (925—998),
pis. 12 (cxvii—cxxviii).

» \/Fossils from the Ceratite Formation : Vol. II, pt. i (1895). Pisces—Anomonoidea, pp. 324, pis. 40.

cii^ 0 >/ Geological Results: Vol. IV, pt. i (1889), pp. i—83, pis. 4.

„ „ a (189 1), pp. 89—242, pis. 8.

^ 1.

(Sbr. XV.)—HIMALAYAN FOSSILS.

Upper-triassic and liassic faunse of the exotic blocks of Malla Johar in the Bhot Mahals of
Kumaon : Vol. I, pt. i (i n the ?'•"='=), by Dr. C. Diener.

Anthracolithic Fossils of Kashmir and Spiti: Vol. 1, pt. 2 (1S99), by Dr. C. Diener, pp. 96, pis. 8.
]

The Permocarboniferous Fauna of Chitichun No. 1: Vol. I, pt. 3 (1897), by Dr. C. Diener, I

pp. 105, pis. 13. \
The Permian Fossils of the Productus Shales of Kumaon andGarhwal: Vol. I, pt. 4(1897),

by Dr. C. Diener, pp. 54, pis. 5.
J

The Permian Fossils of the Central Himalayas: Vol. I, pt. 5 (1903), by Dr. C. Diener, pp. 204.7
pis. !— 10.

The Cephalopoda of the Lower Trias: Vol. II, pt. i (1897), b3^Dr.jr. Diener, pp. 182, pis. 23,)

31.

J

The Cephalopoda of the Muschelkalk: Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 118, pis,

Upper Triassic Cephalopoda Faunae of the Himalayas: Vol. Ill, pt. i (1899), by Dr. E, von
Mojsisovics, pp. 158, pis. aa,
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Trias Brachiopoda and Lamellibranchiata i Vol. Ill, pt. 3 (iQOo), by Alexander Bittner, pp. 7^, r 1
1*

pis. 12 (including 2 double). J
The Fauna of the Spiti Shales: Vol. IV, pt. i (1903), by Professor Dr. V. Uhlig, pp. 132, pis. \ ^
The Fauna of the Tropites-Limestone of Byans : Vol. V, Memoir No. i (1906), by Dr. C.

Diener, pp. 201, p!s. I—17 (including I double).

The Fauna of the Himalayan Muschetkalk: Vol. V, Memoir No. 2 (1907), by Dr. C.
Diener, pp. 140, pis. 1—17 (including 2 double).

Ladinic, Carnic and Noric faunae of Spiti: Vol. V, Memoir No. 3 (in the Press), by Dr. C.
Diener. —

fSHR. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.S.

The Fauna of the Kellaways of Mazdr Drik : Vol. I, pt. i (1895), pp. 22, pis. 13. / iV
The Fauna of the (Neocomian) Belemnite Beds : Vol. I, pt. 2 (1897), pp. 6, pis. 2. \ -i-

The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Mari Hills : Vol. I, pt. 3 (1897),

pp. 79, pis. 23.

(NEW SERIES.) ^
The Cambrian Fauna of the Eastern Salt-range: Vol. I, Memoir i (1899), K. Redlich, pp. 14,

pi. 1.

\/ Notes on the Morphology of the Pelecypoda : Vol. 1, Memoir 2 (1899), Frita Noetling, pp. 58,

pis. 4- V
v/Fauna of the Miocene Beds of Burma; Vol. I, Memoir 3 (1901), Fritz Noelling, pp. 378, pis. 25.

VObservations sur quelques Plantes Fossiles des Lower Gondwanas : Vol. II, Memoir I

(1902), R. Zeiller, p.p. 39, pis. 7. V
Permo-Carboniferous (Lower Gondwana) Plants and Vertebrates from Kashmir: (t) Plants,

by A. C. Seward ; (2) Fishes and Labyrinthodonts, by A. Smith Woodward : Vol. II , Memoir
No. 2_(i905), pp. 13, pis. 3.

The Lower Palaeozoic Fossils of the Northern Shan States, Upper Burma: Vol. 11, Memoir
No ^(1906), by F. R. C. Reed, pp. 154, pis. 8.

The Fauna of the Napeng Beds or the Rhsetic Beds of Upper Burma : Vol. II, Memoir No. 4
(in the Press), by Miss M. Healey.

The Devonian Faunas of the Northern Shan States : Vol. II, Memoir No. S (in the Press), by
r. R. C. Reed. '

~

The price fixed for these publications is four annas (4 pence) per single plate, with a minimum
charge of Re. i.
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I, 1868.

Part I.—Annual report for 1867. Coal-seams of Tawa valley.. Coal in Garrow Hills. Copper
in Bundelkund. Meteorites.

Part 2.—Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geological notes on
Surat collectorate. Cephalopodous fauna of South Indian cretaceous deposits. Lead in

Raipur district. Coal in Eastern Hemisphere. Meteorites.

Part 3.—Gastropodous fauna of South Indian cretaceous deposits. Notes on route from
Poona to Nagpur vid Ahmednuggur, jalna, Loonar, Yeotmahal, Mangali, and Hingunghat.
A gate- flake in pliocene (?) deposits of Upper Godavery. Boundary of Vindhyan series in

Rajputana. Meteorites.

Vol. U, 1869-

Part I {out 0/ print).—Valley of Poorna river, West Berar. Kuddapah and Kurnool forma-
tions. Geological sketch of Shillong plateau. Gold in Singbhoom, etc. Wells at Hazaree-
bagh. Meteorites.

Part 2.—Annual report for 1868. Pangshura tecta and other species of Chelonia from newer
tertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal.

Part 3.—Geology of Kuch, Western India. Geology and physical geography of Nicobar
Islands.

Part 4.—Beds containing silicified wood in Eastern Prome, British Burma, Mineralogical
statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur district.

Meteorites.

Vol. Ill, 1870.

Part I.—Annual report for 1869. Geology of neighbourhood of Madras. Alluvial deposits of
Irrawadi, contrasted with those of Ganges.

Part 3 {out of print).—Geology of Gwalior and vicinity. Slates at Chiteli, Kumaon, Lead
vein near Chicholi, Raipur district, Wardha river coal-fields, Berar and Central Provinces.

Coal at Karba in Bilaspur district.

Part 3 {out of print).—Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district. Coal
east of Chhatisgarh between Bilaspur and Ranchi. Petroleum in Burma. Petroleum
locality of Sudkal, near Futtijung, west of Rawalpindi. Argentiferous galena and copper
in Manbhum. Assays of iron ores.

Part 4 {out of print).—Geology of Mount Tilla, Punjab. Copper deposits of Dalbhum and
Singbhum : i.—Copper mines of Singbhum : a.—Copper of Dalbhum and .Singbhum.
Meteorites.

Vol. IV, 1871.

Part I.—Annual report for 1870. Alleged discovery of coal near Gooty, and of indications of
coal in Cuddapah district. Mineral statistics of Kumaon division.

Part 2.—Axial group in Western Prome. Geological structure of Southern Konkan, Supposed
occurrence of native antimony in the Straits Settlements. Deposit in boilers of steam-
engines at Raniganj. Plant-bearing sandstones of Godavari valley, on southern extensions
of Kamthi group to neighbourhood of Ellore and Rajamandri, and On possible occurrence
of coal in same direction.

Part 3.—Borings for coal in Godavari valley near Dumagudem and Bhadrachalam. Narbada
coal-basin. Geology of Central Provinces. Plant-bearing sandstones of Godavari valley.

Far^ .^.— 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.
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Vol. V, 1872.

Pari i.—Annual report for 1871, Relations of rocks near Murree (Mari), Punjab. Minera-
logical notes on gneiss of South Mirzapur and adjoining country. Sandstones in
neighbourhood of first barrier on Godavari, and in country between Godavari and EUore.

Pari 2.— Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, and some
of Gulf Islands. Parts of Kummummet and Hanamconda districts in Nizam's Domi*
nions. Geology of Orissa. New coal-field in south-eastern Hyderabad CDeccan) territory.

Part 3.— Maskat and Massandim on east coast of Arabia. Example of local jointing. Axial
group of Western Prome. Geology of Bombay Presidency.

Part 4.— Coal in northern region of Satpura basin. Evidence afforded by raised oyster
banks on coasts of India, in estimating amount of elevation indicated thereby. Possible
field of coal-measures in Godavari district, Madras Presidency. Lameta or infra-trappean
formation of Central India. Petroleum localities in Pegu. Supposed eozoonal limestone
of Yellam Bile.

Vol. VI, 1873.

Part t.—Annual report for 1872. Geology of North-West Provinces.

Part i.—Bisrampur coal-field. Mineralogical notes on gneiss of South Mirzapur and adjoin*

ing country.

Part 3.—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of

deoosits, and on associated shells. Barakars (coal-measures) in Beddadanole field, Goda-
vari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs of Pegu.

Part 4.— Iron deposits of Chanda (Central Provinces). Barren Islands and Narkondam.
Metalliferous resources of British Burma.

Vol. VII, 1874.

Pari I {out of print).—Annual report for 1873. Hill ranges between Indus valley in Ladak
and Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Raw
materials for iron-smelting I'o Raniganj field. Elastic sandstone, or so-called Itaco-

lumyte. Geological notes on part of Northern Hazaribagh,
Part 2.—Geological notes on route traversed by Yarkand Embassy from Shah-i-Dula to

Yarkand and Kashgar. Jade in Karakas valley, Turkistan. Notes from Eastern Hima-
laya. Petroleum in Assam. Coal in Garo Hills. Copper in Narbada valley. Potash-
salt from East India. On Geology of neighbourhood of Mari hill station in Punjab.

Part 3.— Geological observations made on a visit to Chaderkul, Thian Shan range. Former
extension of glaciers within Kangra district. Building and ornamental stones of

India. Materials for iron manufacture in Raniganj coal-field. Manganese-ore in Wardha
coal-field.

Part 4 (out of /m'«^).— Auriferous rocks of Dhambal hills, Dharwar district. Antiquity of

human race in India. Coal recently discovered in the country of Luni Pathans, south-east

corner of Afghanistan. Progress of geological investigation in Godavari district, Madras
Presidency. Subsidiary materials for artificial fuel.

Vol. VIII, i87S-

Part r.—Annual report for 1874. The Altum-Artush considered from geological point of view.

Evidences of ' ground-ice ' in tropical India, during Talchir period. Trials of Raniganj

firebricks.

Part 2 (out of ^m'w^).—Gold-fields of south-east Wynaad, Madras Presidency. Geological

notes on Khareean hills in Upper Punjab. Water-bearing strata of Surat district.

Geology cf Scindia's territories.

Part 3.—Shahpur coal-field, with notice of coal explorations in Narbada region. Coal recently

found near Moflong, Khasia Hills.

Part 4 (out of /r»nO ~ Geology of Nepal. Raigarh and Hingir coal-fields.

Vol. IX, 1876,

Part I (out ofprint).~Annua.\ report for 187S. Geology of Sind.

Part a.— Retirement of Dr. Oldham. Age of some fcssil floras in India. Cranium of Ste>
godon Ganesa, with notes on sub-genus and allied forms. Sub-Himalayan series in Jamu
(Jummoo) Hills.
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Parts.—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 faunse of India and Burma.
Part 4.— Fossil floras in India. Osteology of Merycopotamus dissimilis. Addenda and Corri-

genda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Pir Panjal and
neighbouring districts.

Vol. X, 1877.

Part r.—Annual report for 1876. Geological notes on Great Indian Desert between Sind and
Rajputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 75 miles north

of Lhassa. Estheria in Gondwana formation. Vertebrata from Indian tertiary and
secondary rocks. New Emydine from the upper tertiaries of Northern Punjab. Observa-

tions on under-ground temperature.
Part 2.—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 India.

Parts.—Tertiary zone and underlying rocks in North-west Punjab. Fossil floras in India.

Erratics in Potwar. Coal explorations in Darjiling district. Limestones in neighbour-

hood of Barakar. Forms of blowing-machine used by smiths of Upper Assam. Analyses
of Raniganj coals.

Part 4.— Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead ores of

Sambalpur district. ' Eryon Comp. Barrovensis,' McCoy, from Sripermatur group near

Madras. Fossil floras in India. The Blaini group and ' Central Gneiss ' in Simla Hima-
layas. Tertiaries of North-West Punjab. Genera Choeromeryx and Rhagatherinm.

Vol. XI, 1878.

Part I.— Annual report for 1877. Geology of Upper Godavari basin, between river Wardha
and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi. Siwalik
mammals. Palaeontological relations ot 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, Cheduba
and adjacent islands.

Part S-— Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore-
Kistna districts. Senarmontite from Sarawak.

Part 4.—Geographical distribution of fossil organisms in India. Submerged forest on Bombay
Island.

Vol. XII, 1879.

Part I.—Annual report for 1878. Geology of Kashmir (third notice). Siwalik irammalia.
Siwalik birds. Tour through Hangrang and Spiti. Mud eruption in Ramri Island
(Arakan). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palaeontological
notes from Satpura coal-basin. Coal importations into India.

Pari ».—Mohpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur district.

Geological reconnaissance from Indus at Kushalgarh to Kurram at Thai on Afghan
frontier. Geology of Upper Punjab.

Part S.—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 fossils from Trichinopoly district, collected in 1877-78. Sphenophyllum and
other Equisetaceae with reference to Indian form Trizygia Speciosa, Royle (Spheno-
phyllum Trizygia, Ung.). Mysorin 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 undes-
cribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of North
Arcot district. Road section from Murree to Abbottabad.

Vol. XIII, 1880.

Part I.—Annual report for 1879, Geology of Uppet Godavari basin in neighbourhood of

Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil flshes from
Ramri Island and Punjab. Fossil genera Noggerathia, Stbg. Ndggerathiopsis, Fstm.,
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and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Europe, Asia, and
Australia. Fossil plants from Kattywar, Shekh Budin, and Sirgujah. Volcanic foci of

eruption in Konkan.
Part 3.— Geological notes. Palseontological notes on lower trias of Himalayas. Artesian

wells at Pondicherry, and possibility of finding sources of water-supply at Madras.
Part 3.—Kumaun lakes. Celt of palaeolithic type in Punjab. Palaeontological notes from

Karharbari and South Rewah coal-fields. Correlation of Gondwana flora with other floras.

Artesian wells at Pondicherry. Salt in Rajputana. Gas and mud eruptions on Arakan
coast on 12th March 1879 and in June 1843.

Fart 4.—Pleistocene deposits of Northern Punjab, and evidence they afford of extreme
climate during portion of that period. Useful minerals of Arvali region. Correlation of

Gondwana flora with that of Australian coal-bearing system. Reh or alkali soils and
saline well waters. Reh soils of Upper India. Naint Tal landslip, iSth September 1880.

Vol. XIV, 1881.

Part /.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring
districts. Siwalik carnivora. Siwalik group of Sub-Himalayan region. South Rewah
Gondwana basin. Ferruginous beds associated with basaltic rocks of north-eastern

Ulster, in relation to Indian laterite. Rajmahal plants. Travelled blocks of the Punjab.
Appendix to 'Palaeontological notes on lower trias of Himalayas.' Mammalian fossils

from Perim Island.

Part a.— Nahan-Siwalik unconformity in North-Western Himalaya. Gondwana vertebrates.

Ossiferous beds of Hundes in Tibet. Mining records and mining record office of Great
Britain ; and Coal and Metalliferous Mines Acts of 1872 (England). Cobaltite and
danaite from Khetri mines, Rajputana

;
with remarks on Jaipurite (Syepoorite). Zinc-

ore (Smithsonite and Blende) with barytes, in Karnul district, Madras. Mud eruption in

island of Cheduba.
Part 3.—Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North -West

Himalayas. Fish-palate from Siwaliks. Palaeontological notes from Hazaribagh and
Lohardagga districts. Fossil carnivora from Siwalik hills.

Part 4.—Unification of geological nomenclature and cartography. Geology of Arvali region,

central and eastern. Native antimony obtained at Pulo Obin, near Singapore. Turgite

from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras. Section

from Dalhousie to Pangi, vid Sach Pass. South Rewah Gondwana basin. Submerged
forest on Bombay Island.

Vol, XV, 1882.

Part I.—Annual report for 1881. Geology 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 India. Iridosmine

from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur. On (i)

copper mine near Yongri hill, Darjiling district; (2) arsenical pyrites in same neigh-

bourhood; (3) kaolin at Darjiling. 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. Proceedings of International Congress of

Bologna.
Part 2.—Geology of Travancore State. Warkilli beds and reported associated deposits at

Quilon, in Travancore. Siwalik and Narbada fossils. Coal-bearing rocks of Upper Rer
and Mand rivers in Western Chutia Nagpur. Pench river coal-field in Chhindwara
district, Central Provinces. Borings for coal at Engsein, British Burma. Sapphires in

North-West Himalaya. Eruption of mud volcanoes in Cheduba.
Part 3.— Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai 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 Rewah Gondwana basin). Daranggiri coal-field, Garo
Hills, Assam. Coal in Myanoung division, Henzada district.

Part 4.—Gold-fields of Mysore. Borings for coal at Beddadanol, Godavari district, in 1874.

Supposed occurrence oi coal on Kistna.

Vol. XVI, 1883.

Part /.—Annual report for 1882. Richthofenia, Kays (Anomia Lawrenciana, Koninck).
Geology of South Travancore. Geology of Chamba, Basalts of Bombay.
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Pari 3.—Synopsis of fossil vertebrata of India. Bijori Labyrinthodont. Skull of Hippo-
therium antllopinum. Iron ores, and subsidiary materials for manufacture of iron, in

north-eastern part of labalpur district. Laterite and other manganese-ore occurring at

Gosulpore, labalpur district. Umaria coal-field.

Part 3.—Microscopic structure of some Dqlhousie rocks. Lavas of Aden. Probable occur-

rence of Siwalik strata in China and Japan. Mastodon angustidens in India. Traverse

between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasia Hills,

near LaOur, in Sylhet.

Part 4.— falacontological notes from Daltonganj and Hutar coal-iields in Chota Nagpur.
Altered basalts of Dalhousie region in Not th-Western Himalayas. Microscopic structure

of some Sub- Himalayan rocks of tertiary age. Geology of Jaunsar and Lower Himalayas.

Traverse through Eastern Khasia, Jaintia, and North Cachar Hills. Native lead from

Maulmain and chromite from the Andaman Islands. Fiery eruption from one of the mud
volcanoes of Cheduba Island, Arakan. Irrigation from wells in North-Western Provinces

and Oudh.

Vol. XVI!
, 1884.

Part I.—Annual report for 1883. Smooth-water anchorages or mud-banks Of Narrakal and
AUeppy on Travancore coast. Billa Surgsm and other caves in Kurnool district.

Geology of Chuari and Sihunta parganas of Chamba. Lyttonia, Waagen, in Kuling
series of Kashmir.

Part 2.—Earthquake of 31st December 1881. Microscopic structure of some Himalayan
granites and gneissose granites. Choi coal exploration. Re-discovery of fossils in Siwalik
beds. Mineral resources of the Andaman Islands in neighbourhood of Port Blair. Inter-

trappean beds in Deccan and Laramie group in Western North America.
Parts.—Miscroscopic structure of some Arvali rocks. Section along Indus from Peshawar

Valley to Salt-range. Sites for borings in Raigarh-Hingir coal-field (first notice). Lignite

near Raipore, Central Provinces. Turquoise mines of NishipClr, Khorassan. Fiery
eruption from Minbyin mud volcano of Cheduba Island, Arakan. Langrin coal-field,

South-West Khasia Hills. Umaria coal-field.

Part 4.—Geology of part of Gangasulan pargana of British Garhwal. Slates and schists

imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Suleiman.
Smooth-water anchorages of Travancore coast. Auriferous sands of the Subansiri river.

Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam caves.

Vol. XVIII, 1885.

Part I.—Annual report for 1884. Country between Singareni coal-field and Kistna river
Geological sketch of country between Singareni coal-field and Hyderabad. Coal and
limestone in Doigrung river, near Golaghat, Assam. Homotaxis, as illustrated from Indian
formations. Afghan field notes.

Part 2.—Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandhali series in Lower
Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Caut. MS.). Geology
of Chamba. Probability of obtaining water by means of artesian wells in plains of Upper
India. Artesian sources in plains of Upper India, Geology of Aka Hills. Alleged ten-
dency of Arakan mud volcanoes to burst into eruption most frequently during rains.

Analyses of phosphatic nodules and rock from Mussooree.
Part 3-—Geology of Andaman Islands. Third species of Merycopotamus. Percolation as

affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in

Thayetmyo district, Britisli Burma. Antimony deposits in Maulmain district. Kashmir
earthquake of 30th May 1885. Bengal earthquake of 14th July 1885.

Part 4-—Geological work in Chhattisgarh division of Central Provinces. Bengal earthquake
of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations in Billa
Surgam caves. Nepaulite. Sabetmahet meteorite.

Vol. XIX, 1886.

Part I.—Annual report for 1885. International Geological Congress of Berlin. Palaeozoic
Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal-bearing
beds. Afghan an J Persian Field-notes. Section from Simla to ^^ angtu, and petrologi-
cal character of Amphibolites and Quartz Diorites of Sutlej valley.
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Part J.—Geology of parts of Bellary and Anantapur districts. Geology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Hima-
layas. Mammalia of Karnul Caves. Prospects of finding coal in Western Rajputana.
Olive group of Salt-range. Boulder-beds of Salt-range. Gondwana Homotaxis.

Part J.— Geological sketch of Vizagapatam district, Madras. Geology of Northern Jesalmer.
Microscopic structure of Malani rocks of Arvali region. Malanjkhandi copper-ore in

Balaghat district, C. P.

Part 4.—Petroleum in India. Petroleum exploration at Khatan, 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 I.—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-Garhwal. Geology of Garo Hills. Indian image-stones.
Soundings recently taken off Barren Island and Narcondam. Talchir boulder-beds.
Analysis of Phosphatic Nodules from Salt-range, Punjab.

Part a.—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.—Retirement of Mr. Medlicott. J. B. Mushketoff's Geology of Russian Turkistan.

Crystalline ind metamorphic rocks of Lower Himalaya, Garhwal, and t^umaun, Section
I. Geology of Simla and Jutogh. ' Lalitpur ' meteorite.

Part 4.—Points in Himalayan geology. Crystalline and metamorphic rocks of Lower Hima-
laya, Garhwal, and Kurrsaun, Section II. Iron industry of western portion of Raipur.

Notes on Upper Burma. Boring exploration in Chhattisgarh coal-fields. (Second
notice). Pressure Metamorphism, with reference to foliation of Himalayan Gneissose
Granite. Papers on Himalayan Geology and Microscopic Petrology.

Vol. XXI, 1888.

Part t.—Annual report for 1887, Crystalline and metamorphic rocks of Lower Himalaya,
Garhwal, and Kumaun, Section III. Birds'-nest or Elephant Island, Mergui Archipelago.

Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble from boulder

bed ('speckled sandstone') of Mount Chel in Salt-range, Punjab. Nodular stones

obtained off Colombo.
Part 2.—Award of WoUaston Gold Medal, Geological Society of London, 1888. Dharwar

System in South India. Igneous rocks of Raipur and Balaghat, Central Provinces.

Sangat Marg and Mehowgale coal-fields, Kashmir.
Parts.—Manganese Iron and Manganese Ores of Jabalpur, 'The Carboniferous Glacial

Period,' Pre-tertiary sedimentary formations of Simla region of Lower Himalayas.
Part 4.— Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock

sculpture, Nummulitesin Zanskar. Mica traps from Barakar and Raniganj,

Vol. XXII, 1889,

Part I.—Annual report for 1886. Dharwar System in South India, Wajra Karur
diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite. Generic position

of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumite, its nature, mode of

occurrence in India, and cause of its flexibility. Siwalik and Narbada Chelonia.
Part 2.—Indian Steatite. Distorted pebbles in Siwalik conglomerate. ' Carboniferous

Glacial Period.' Oil-fields of Twingoung and Berne, Burma. Gypsum of Nehal Nadi,

Kumaun. Materials for pottery in neighbourhood of Jabalpur and Umaria.
Fart 3.—Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolus beds of Salt-

range. Geological notes. Cherra Poonjee coal-field, in Khasia Hills. CobaltiferOus

Matt from NepdL President of Geological Society of London on International Geolo*
gical Congress of 1888. Tin-mining in Mergui district.

Part 4.—Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. Assays from
Sambhar Salt-Lake in Rajputana. Manganiferous iron and Manganese Ores of jabalpur.

Palagonite-bearing traps of RAjmah^l hills and Deccan. Tin-smelting in Malay Peninsula.

Provisional Index of Local Distribution of Important Minerals, Miscellaneous Mineriils,

Gem Stones and Quarry Stones in Indian Empire. Part i.
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Vol. XXIIl, 1890.

foft /.—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 Lower Hima-
layas, Garhw^l and Kumaun, Section IV. Bivalves of Olive-group, Salt-range. Mud-
banks of Travancore coast.

Part 2.—Petroleum explorations in Harnai district, Baluchistan. Sapphire Mines of Kashmir.
Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold-field. Field-

notes from Shan Hills (Upper Burma). New species of Syringosphaeridse.

Part 3.—Geology and Economic Resources of Country adjoining Sind-Pishin Railway
between Sharigh and Spintangi, and of country between it and Khattan. 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 Distri«

bution of Important Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in

Indian Empire.
Part 4.—Geological sketch of Naini Tal; with remarks on natural conditions governing

mountain slopes Fossil Indian Bird Bones. Darjiling Coal between Lisu and Ramthi
rivers. Basic Eruptive Rocks of Kadapah Area. Deep Boring at Luckaow. Coat
Seam of Dore Ravine, Hazara.

Vol. XXIV, 1891.

Part t.—Annual report for 1890. Geology of Salt-range of Punjab, with re-considered theory
of Origin and Age of Salt-Mart. Graphite in decomposed Gneiss (Laterite) in Ceylon.
Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and ' Reh ' from
Aligarh in North-Western Provinces. Analysis of Dolomite from Salt-range, Punjab.

Part 3.—Oil near Moghal Kot, in Sherini country, Suleiman Hills. Mineral Oil from
Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States.

Reported Nams^ka Ruby-mine in MainglAn State. Tourmaline (Schorl) Mines in

Mainglftn State. Salt-spring near Bawgyo, Thibaw State.

Part 3.—Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin Duncan.
Pyroxenic varieties of Gneiss and Scapolite-bearing Rocks.

Part 4.—Mammalian Bones from Mongolia. Darjiling Coal Exploration. Geology and
Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab.

Vol. XXV, 1892.

Part t.—Annual report for 1891. Geology of Thai Chotiili and part of Mari country.
Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent Deposits
of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat; with appendices on Chamans of
Quetta; and Artesian water-supply of Quetta and Pishin,

Part 3 {out of print).—Geology of Safed Kdh. Jherria Coal-field.

Part 3.—Locality of Indian Tscheffkinite. Geological Sketch of country north of Bhamo.
Economic resources of Amber and Jade mines area in Upper Burma. Iron-ores and Iron
Industries of Salem District. Riebeckite in India. Coal on Great Tenasserim River,
Lower Burma.

Part 4.—Oil Springs at Moghal Kot in Shirani Hills. Mineral Oil from Suleiman Hills.

New Amber-like Resin in Burma. Triassic Deposits of Salt-range.

Vol. XXVI, 1893.

Part I.—Annual report for 1892. Central Himalayas. Jadeite in Upper Burma. Burmite,
new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District, 1891-92.

Part 2.— Earthquake in Baluchistan on 20th December 1892. Burmite, new amber-like fossil

resin from Upper Burma. Alluvial deposits and Subterranean water-supply of
Rangoon.

Part 3.—Geology of Sherani Hills. Carboniferous Fossils from Tenasserim. Boring at
Chandernagore. Granite in Tavoy and Mergui.

Part 4.— Ceo]ogy of country between Chappar Rift and Harnai in Baluchistan. Geology
of part of Tenasserim Valley with special reference to Tendau-Kamapying Coal-field.
Magnetite containing Manganese and Alumina. Hislopite.

Vol. XXVII, 1894.

Part I.—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab.
Part a.—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna

Landslip, Garhwal.
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Pari 3. - Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields.
Chipped (P^ Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis. Sow. Sp. , in Tertiary Formation of India and Burma.

Part 4-— Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System
of Baluchistcin. Highly Phosphatic Mica-Peridotites intrusive in Lower Gondwana Rocks
of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Pari I.—Annual report for 1894. Cretaceous Formation of Pondicherry, Early allusion to
Barren Island. Bibliography of Barren Island and Narcondam, from 1884 to 1894.

Pari 2.— Cretaceous Rocks of Southern India and geographical conditions during later creta-
ceous times. Experimental Boring for Petroleum at Sukkur from October 1893 to
March 1895. Tertiary system in Burma.

Part 3.—Jadeite and other rocks, from Tammaw in Upper Burma. Geology of Tochi Valley.
Lower Gondwanas in Argentina.

Pari 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.
Lower Vindhyan area of Sone Valley. Tertiary system in Burma.

Vol. XXIX, 1896.

Pari I.—Annual report for 1895. Acicular inclusions in Indian Garnets. Origin and
Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic rocks.

Pari a.— Ultra-basic rocks and derived minerals ol Chalk (Magnesite) hills, and other
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts,

Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of " Gondwanaland." Notes.

Pari 3.— Igneous Rocks from the Tochi Valley. Notes.
Part 4.— Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Kaimur) area of

Sone Valley, Rewah. Notes.

Vol. XXX, 1897.

Pari I,—Annual report for 1896. Norite and associated Basic Dykes and Lava-flows in

Southern India. Genus Vertebraria. On Glossopteris and Vertebraria.
Part 2.—Cretaceous Deposits of Pondicherri. Notes.
Pari 3.—Flow-structure in igneous dyke. Olivine-norite dykes at Coonoor. Excavations

for corundum near Palakod, Salem District, Occurrence of coal at Palana in Bikanir.

Geological specimens collected by Afghan-Baluch Boundary Commission of 1896.

Part 4.— Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras Presi-

dency. Worn femur of Hippopotamus irravadicus, Caut. and Falc, from Lower Pliocene

of Burma. Supposed coal at jaintia, Baxa Duars. Percussion Figures on micas.

Notes.

Vol. XXXI, 1904.

Pari 1 (out of Prefatory Notice. Copper-ore near Komai, Darjeeling district. Zewan
beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mianwali district, Punjab.
Um-Rileng coal-beds, Assam, Sapphirine-bearing rock from Vizagapatam district.

Miscellaneous Notes. Assays.

Part 2 {out of print).— Lt.-Genl. C. A. McMahon. Cyclobus Haydeni Diener. Auriferous

Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
methods of Coke-making at East Indian Railway Collieries, with supplementary note

by Director, Geological Survey of India. Miscellaneous Notes.

Part 3 (out of print).—Upper Palaozoic formations of Eurasia. Glaciation and History of

Sind Valley. Halorites in Trias of Baluchistan, Geology and Mineral Resources of

Mayurbhanj. Miscellaneous Notes.

Pari 4 (out of print).—Geology of Upper Assam. Auriferous Occurrences of Assam.
Curious occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index.

Vol. XXXII, 1905.

Pari I (out of print).—Review of Mineral Production of India during 1898— 1903.

Pari 2 (out of print).—General report, April 1903 to December 1904. Geology of Provinces
of Tsang and C in Tibet. Bauxite in India. Miscellaneous Notes.

Part 3 (out of print).—Anthracolithic Fauna from Subansiri Gorge, Assam. Elephas
Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone of

Byans. Amblygonite in Kashmir. Miscellaneous Notes.

/' M
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Par< ^ — Obituary notices of H 8. Medlicott and W. T. Blanford. Kangra Earthquake of

4th April 1905. Index to Volume XXXU.

Vol. XXXIII, 1906.

Part !•—Mineral Production of India during 1904. Pleistocene Movement in Indian Penin-
sula. Recent Changes in Course of Nam-tu River, Northern Shan States. Natural
Bridge in Gokteik Gorge. Geology and Mineral Resources of Narnaul District (Patiala

State), Miscellaneous Notes.

Part 3.—General report for 1905. Lashio Coal-field, Northern Shan States. Namma,
Mansang and Man-se-le Coal-fields, Northern Shan States, Burma. Miscellaneous

Notes.

Part 3.—Petrology and Manganese-ore Deposits of Sausar Tahsil, Chhindwara district,

Central Provinces, Geology of parts of valley of Kanhan River in Nagpur and Chhind-
wara districts. Central Provinces. Manganite from Sandur Hills. Miscellaneous Notes,

Part 4.—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 I.—Fossils from Halorites Limestone of Bambanag Cliff, Kuiraon. 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.

Part 2.—Mineral Production of India during 1905. Nummulites Douvillei, with remarks
on Zonal Distribution of Indian Nummulites. Auriferous Tracts in Southern India,

Abandonment of Collieries at Warora, Central Provinces. Miscellaneous Notes.

Part 3.—Explosion Craters in L'ower Chindwin district, Burma. Lavas of Pavagad Hill,

Gibbsite with Manc;anese-ore from Talevadi, Belgaum district, and Gibbsite from
Bhekowli, Satara District. Classification of Tertiary System in Sind with reference

to Zonal distribution of Eocene Echinoidea.

Part 4.—Jaipur and Nazira Coal-fields, Upper Assam. Makum Coal-field between Tirap and
Namdang Streams. Kabat Anticline, near Seiktein, Myingyan district. Upper Burma.
Asymmetry of Yenangyat-Singu Anticline, Upper Burma. Northern part of Gwegyo
Anticline, Myingyan District, Upper Burma. Breynia Multituberculata, from Nari of

Baluchistan and Sind. Index to Volume XXXIV.

Vol. XXXV, 1907. ,

Part I.—General report for 1906. Orthophragmina and Lepidocyclina in Nummulitic
Series. Meteoric Shower of 22nd October 1903 at Dokdchi and neighbourhood, 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 Balu-
chistan. Miscellaneous Notes.

Part 3.—A Preliminary Survey of certain Glaciers in North-West Himalaya. A.—Notes on
certain Glaciers in North-West Kashmir.

Part 4.—A Preliminary Survey of certain Glaciers in North-West Himalaya. B.—Notes on
certain Glaciers in Lahaul, C—Notes on certain Glaciers in Kumaon. Index to Volume
XXXV,

The price fixed for these publications is i rupee {is. 4«f.) each part, or 2 rupees (2s, 8rf.)

each volume of four parts.
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PUBLICATIONS.

The publications of the Department include

—

Pal^ontologia Indica, arranged in series, and sold in parts which are priced at 4 annas

(4 ijence) per plate.

Memoirs, Vols. I—XXXVI, including the larger papers on geological subjects.

Records, Vols. I—XXXV, including the shorter papers and Annual Reports from 1868 to

IQ07, sold in parts, price one rupee eacn.

Manuals, Guides and Maps.

A complete list of the contents of these publications can be obtained by application to the

Registrar, Geological Survey of India, 27, Chowringhee Road, Calcutta. Indexes to the

Genera and Species described in the Palaeontologia Indica up to 1891, to the Memoirs,
Vols. I—XX, and to the Records, Vols. I— XXX, have been printed for sale.
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot. I, Pt. 1, 1856 {f>ut of print) : Coal and Iron of Talchir.—Talchir Coal-field.—
Gold-yielding deposits of Upper Assam.—Gold from Shue-gween. Pt. 2,

1858 (out of print) : Geological structure of a portion of Khasi Hills.

—

Geological structure of Nilgiri Hills (Madras). Pt. 3, 1859 (out of print) :

Geological structure and physical features of dietricts of Bankura, Mid-
napore, and Orissa.—Laterite of Orissa.—Fossil fish-teeth of genu*
Ceratodus, from Maledi, south of Nagpur.

Vol. II. Pt. 1, I860 (out of print) : Vindhyan rocks, and their associates in Bnnd«l-
kand. Pt. 2, 1860 (out of print) : Geological structure of central portion
of Nerbudda District.—Tertiary and alluvial deposits of central portion
of Nerbudda Valley.—Geological relations and probable age of Bystems
of rocks in Central India and Bengal.

Vol. III. Pt. 1, 1863 (out of print) : Raniganj Coal-field.—Additional remarks on
systems of rocks in Central India and Bengal.—Indian Mineral Statis-

' tics, I. Coal. Pt. 2, 1864 (out of print) : Sub-Himalayan Ranges
between Ganges and Ravi.

Vet. TV. Pt. 1, 1863 [out of print) : Cretaceous Rocks of Trichinopoly District,

Madras. Pt. 2, 1864 (out of print) : Districts of Trichinopoly, Salem,
etc. Pt. 3, 1865 (out of print) : Coal of Assam, etc.

Vol. V. Pt. 1, 1865 (out of print) : Sections across 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 Observa-
tions on Western Tibet.

Vol VI. Pt. 1, 1867 (out of print) : Neighbourhood of Lynyan, etc., in Bind.

—

Geology of portion of Cutch. Pt. 2, 1867, Rep. 1908 (price 2 Ra.) :

Bokdro Coal-field.—Ramgarh Coal-field.—Traps of Western and Central
Jnoia. Pt. 3, 1869 (price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys.—
Frog-beds in Bombay.

—

Oxyglossut pusiUut.

Vol. VII. Pt. 1. 1869 (price 3 Ra.) : Vindhyan series.—Mineral Statistics.—Coal.—
Shillong Plateau. Pt. 2, 1870 '(out of print) : Karharbari Coal-field.—
Deoghar Coal-field. Pt. 3, 1871 (out of print) : Aden water-supply.

—

Kiranpnra Coai-nelds.

Vol. VIII. Pt. 1. 1872 (price 4 Rs.) : Kadapah and Karnul Formations in Madras
Presidency. Pt. 2, 1872 (price 1 Re.) : Itkhuri Coal-field.—Daltonganj
Coal-field.—Chope Coal-field.

Vol. IX. Pt. 1, 1872 (out of print) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.) :

Geology of Nagpdr.—Geology of Sirban Hill.—Carboniferous Am-
monites.

Vol. X. Pt. 1 (price 3 Rs.) : Geology of Madras.—Satpura Coal-basin. Pt. 2, 1874
{out of print) : Geology of Pegu.

Vol. XI. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjiling and Western Duars. Pt. 2,

1876 (price 3 Rb.) : Salt-region of Eoh^t, Trans-Indiu. •

Vol. XII. Pt. 1, 1877 (price 3 Rs.) : South Mahratta Country. Pt. 2, 1876 (pric*

2 Rs.) : Coal-fields of Naga Hills.

Vol. XIII. Pt. 1. 1877 (price 2 Rs. 8 As.) : Wajdha Valley Coal-field. Pt. 2, 1877
(price 2 Rs. 8 As.) : Geology of Rdjmahdl Hills.

Vol. XIV. 1878 (price 5 Rs.) : Geology of Salt-range in Punjab.

Vot. XV. Pt. 1, 1878 (price 2 Rs. 8 As.) : Aurunga and Hutdr Coal-fields fPalamow)
Pt. 2, 1880 (price 2 Rs. 8 As.) : Ramkola and Tatapani Coal-fields

(Sirguja).

Vol. XVI. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern coast from Lat. 15*

to Masulipatam. Pt. 2. 1880 (vrire 1 Re. 8 As.) : Nellore Portion of

Carnatic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of Goddvari
District.

Vol. XVII. Pt. 1. 1879 (pric 3 Rs.) : Geology of Western Sind. Pt. 2. 1880 (price

2 Rs.) : Tr.nns-Tndus extension of Punjab Salt-range.
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Vol. XVIII. Pt. 1, 1881 (price 2 Es.) : Southern Afghanistan. Pt. 2, 1881 [out of

print) : Manbhum and Singhbhum. Pt. 3, 1881 {price 2 Ra.) : Prdnhita,

Goddvari Valley.

Vol. XIX. Pt. 1, 1882 (price 2 Rs.) : Cachar Earthquake of 1869. Pt. 2, 1882 (price

1 Ee.) : Thermal Springs of India. Pt. 3, 1883 (price 1 Re.) : Catalogue
of Indian Earth(|uakes. Pt. 4, 1883 (out of print) : Geology of parts of

Manipur and Naga Hills.

Vol 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.

Vol. XXI. Pt. 1, 1884 (out of 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.

Vol. XXII. 1083 (out of print) : fieology of Kashmir, Ghamba, and Khagan.
Vol. XXIII. 1891 (price 5 Es.) : Geology of Central Himalayas.
Vol. XXIV. Pt. 1, 1887 (out of 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 print) : Geology of South Malabar, be-

tween Beypore and Fonnani 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.

Vol. XXVIII. Pt. 1, 1898 (out of print) : Geological Structure of Chitichun region.

—

Allahbund in north-west of Rann of Kuchh.—Geology of parts of Myin-
gyan, Magwe and Pakokku Districts, Burma.—Geology of Mikir Hilla

in Assam.—Geology of Tirah and Bazar Valley. Pt. 2, 1900 (price

3 Rs.) : Charnockite Series, group of Archaean Hypersthenic Rocks in

Peninsular India.
Vol. XX TX. 1900 (prire 5 Rs.) : Earthquake of 12th .Tune 1897.

Vol. 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

Elseolite-Syenites and Corundum Syenites. Pt. 4, 1901 (price 1 Re.) :

Geoloerical Congress of Paris.

Vol. XXXI. Pt. 1, 1901 (price 2 Rs.) : Geology of Son Valley in Rewah State and of

Parts of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.) : Baluchis-
tan Desert and part of Eastern Persia. Pt. 3, 1901 (price 1 Re.) :

Peridotites, Serpentines, etc., from Ladakh.
Vol. XXXII. Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India. Pt. 2,

1901 (price 2 Rs.) : Rampijr Coal-field. Pt. 3, 1902 (price 3 Rs.) :

" Exotic Blocks " of Malla Johar in Bhot Mahals of Kumaon. Pt. 4,

1904 (price 3 Rs.) : Jammu Coal-fields.

Vol XXXTTI. Pt. 1, 1901 (price 8 Rs.) : Kolar Gold-field. Pt. 2, 1901 (price 2 Rs.) ;

Art. 1 : Gold-fields of Wainad. Art. 2 : Auriferous Onartzites of
Parhadiah, Chota Nagnur. Art. 3 : Auriferous localities in North
Coimbatore. Pt. 3, 1902 (price 1 Re.) : Geology of Kalahandi State,
Central Provinces.

Vol. XXXIV. Pt. 1, 1901 (price 1 Re.) : Peculiar form of altered peridotite in Mysore
State. Pt. 2, 1902 (price 3 Rs.) : Mica deposits 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.

Vol. XXXV. Pt. 1, 1902 (price 2 Rs.) : Geology of Western Rajputana. Pt. 2, 1903
(price 1 Re.) : Aftershocks of Great Earthquake of 12th June 1897.
Pt. 3, 1904 (price 1 Re.) : Seismic phenomena in British India and their
cormection 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.) :

Geolngv of Provinces of Tsang and t) in Central Tibet. Pt. 3, 1912
(mice 2 Rs.) : Trias of the Himalavas.

Vol. XXXVII. 1909. Manganese-Ore Deposits of India : Pt. 1 (price 3 Rs.) ; Introduction
and Mineralogy; Pt. 2 (price 3 Rs.), Geology; Pt. 3 (price 3 Rs.).

Economics and Mining; Pt. 4 (price 5 Rs.), Description of Deposits.
Vol. XXXVTTT. 1910 (price 5 Rs.) : Kangra Earthquake of 4th April 1905.
Vol. XXXIX. Pt. 1. 1910 (mice 2 Rs.) : Geolosiv of Northern Afghanistan. Pt. 2

{in the Press) : Geology of Northern Shan States.
Vol. XL. (In the Press) : The Oil-Fields of Burma.
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PALi^iONTOLOGlA INDICA.

(Ser. I, III, V, VI, VIII.)—CRETACEOUS FAUNA OF SOUTHERN INDIA, by
F. STOLICZKA, exrept Vol. I, Ft. 1, by H. F. BLANFORD.

Ser. I & III.—Vol. I. The Cephalopoda (1861-65), pp. 216, pis. 84 (6 double),

v.—Vol. II. The Gastropoda (1867-68), pp. xiii, 500, pis. 28.

VI.—Vol. III. The Pelecypoda (1870-71), pp. xxii, 537, pis. 50.

VIII.—Vol. IV. The Bra( hiopudu, Ciliopoda. Echinodermata, Corals, etc. (1872-

73), pD. V, 202, pis. 29.

(Ser. II, XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by
0. FEISTMANTEL, except Vol. I, Pt. 1, by T. OLDHAM and J. MORRIS.

Vol. 1, pp. xviii, 233, pis. 72. 1863-79. Pfc. 1; Rajmahal Group, Rajmahal Hills. Pt. 2;
The same (continued). Pt. 3; Plants from Golapili. Pt. 4; Outliers on
the Madras Coast.

Vol. II, pp. xli,115, pis. 26. 1876-78. Pt. 1; Jurassic Flora of Kach. Pt. 2; Flora of

the Jabalpur group.
Vol. Ill, pp. xi, 64+149, pis. 80 (9 double) (I—XXXI -)- lA—XLVIIA). 1879-81. Pt. 1;

The Flora of the Talchir-Karharbari beds. Pt. 2; The Flora of the

Damuda and Panchet Divisions. Pt. 3; The same (concluded).

Vol. IV, pp. xxvi. 25-1-66, pis. 35 (2 double) (I—XXI-l- lA—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.

(See. 1X.)^URASSIC FAUNA OF KACH.

Vol. I (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (6 double).

Vol. II, pt. 1 (1893). The Echinoidea of Kach, by J. W. Gregory, pp. 12, pis. 2.

V ol II, pt. 2 (1900). The Corals, by J. W. Gregory, pp. 196, I—IX, pis. 26.

Vol. Ill, pt. 1 (1900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. 15.

Vol. Ill, pt. 2 (1903). Lamellibranchiata : Genus Trigonia, by F. L. Kitchin, pp. 122,

pis. 10 (out of print).

(See. IV.)—INDIAN PRE-TERTIARY VERTEBRATA.

Vol. I, pp. vi, 137, pis. 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. de M. Grey Egerton, L. C. Miall.
and W. T. Blanford. Pt. 3 (1879) ; Reptilia and Batrachia. by R.
Lydekker. Pt. 4 (1885) ; The Labyrinthodont from the Bijori group,
by R. Lydekker (out of print). Pt. 5 (1885) ; The Reptilia and Am-
phibia of the irlaleri and Denwa groups, by R. Lydekker (out of pr'-nt).

(Ser X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA. by
R. LYDEKKER, except Vol. I, Pt. 1, hy R. B. FOOTE.

Vol. I, pp. XXX.. 300, pis. 50. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt. 2; IMolar
t-eeth and other remains of Mammalia. Pt. 3 ; Crania of Ruminants.
Pt. 4 ; Supplement to Pt. 3. Pt. 5 ; Siwalik and Narbada Proboscidia.

Vol. II, pp. XV, 363, pis. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotida:'. Pt. 2 : Supple-
ment to Siwalik and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada
Equidce. Pt. 4; Siwalik Camelopardalidae. Pt. 5; Siwalik Selenodont
Buina, etc. Pt. 6; Siwalik and Narbada Carnivora.
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Vol. Hi, pp. xxiv, 264, pis. 38. 1884-86. Pt. 1; Additional fcjiwalik Perissodactyla and
Proboscidia. Pt. 2; Siwalik and Nurbada Bunodont Suina. Pt. 3;
Rodents and new liuniinants 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 caves (and addendum to pi 1); pp. 4u

(19—58), pis. 5 (vii—xi).
Vol. IV, i»t. 2, 1887. Eocene Chelonia from the Salt-range; pp. 7 (59—65), pis. 2 (xii-

xiii).

(Ser. vii, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN
INDIA, by P. MARTIN DUNCAN and W. PERCY SLADEN, except Pt. 1, hv
!•. STOI.ICZKA.

Vol. 1, pp. 16+ 110+382+91 = 599, pis. 5+28+58+13 = 104. 1871-85. Pi. 1: Tertiar>

Crabs from Sind and Kach. Pt. 1 (new 2) : Sind Fossil Corals and
Alcyonaria

; by P. Martin Duncan. Pt. o : The Fossil Echinoidea of

Sind : l<'as. I, The Cardita beaumonti beds; Fas. 2, The Ranikot Series

in Western Sind; Fas. S, The Khirthar Series; Fas. ^, The Nari
(Oligocene) Series; Fas. 5, the Gaj (Miocene) Series; Fas. 6, The
Makran (Pliocene) Series; by Duncan and Sladen. Pt. 4: The Fossil

Echinoidea of Kach and Kattywar, by Duncan, Sladen and Blanford.

(See. XIII.)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

Pruductus-Limestone Group : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ „ ,, ,, 2 (1880). Gastropoda and supplement to pt. j

pp. Ill (73—183), pis. 10 (1 double), (vii -

xvi).

„ „ „ „ 3 (1881). Pelecypoda, pp. 144 (185—328), pla y
(xvii—xxiv).

„ „ 1 (1882—85). Brachiopoda, pp. 442 (329—770)
pis. 62 (xxv—Ixxxvi).

„ „ ,, 5 (1885). Bryozoa—Annelidas—Echinodermata,
pp. 64 (771—834), pis. 10 (Ixxxvii—xcvi).

„ „ „ „ 6 (1886). Ccelenterata, pp. 90 (835-924), pis. 20
(xcvii—cxvi).

„ „ „ , 7 (1887). Ccelenterata, Protozoa, pp. 74 (925—
998), pis. 12 (cxvii—cxxviii).

Fossils from the Ceratite Formation : Vol. II, pt. 1 (1895). Pisces—Ammonoidea, pp. 324,

pis. 40.

Geological Results : Vol. IV, pt. 1 (1889), pp. 1—88, pis. 4 (out of print).

„ „ ., „ „ 2 (1891), pp. 89—242, pis. 8 {out of print).

(S.-.s. XV.)—HIMALAYAN FOSSILS.

Upper-triassio and liassic fauna of the exotic blocks of Malla Johar in the Bhot Mahals of

Kumaon : Vol. I, pt. 1 (1908), pp. 100, pis. 16 (1 double), by Dr. C. Diener.

Anthracolithic Fossils of Kashmir and Spiti : Vol. I, pt. 2 (1899), pp. 96, pis. 8, by Dr. C.

Diener.

The Permocarboniferous Fauna of Chitichun No. I : Vol. I, pt. 3 (1897), pp. 105, pis. 13,

by Dr. C. Diener.

The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I. pt. 4 (1897).

pp. 54, pis. 5, by Dr. C. Diener.

The Permian Fossils of the Central Himalayas : Vol. I, pt. 5 (1903), pp, 204, pis. 10, by
Dr. C. Diener.

The Cephalopoda of the Lower Trias : Vol. II, pt. 1 (1897), pp. 182, pis. 23, by Dr. C.
Diener.

The Cephalopoda of the Muschelkalk : Vol. II, pt. 2 (1895), pp. 118, pis. 31, by Dr. C.
Diener.
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Upper Triassic Cephalopoda Faunae of the Himalaya : Vol. Ill, pt. 1 (1899), pp. 157,

pis. 22, by Dr. E. von Mojsisovics.

Trias Braciiiopoda and Lameilibranchiata : Vol. Ill, pt. 2 (1899), pp. 76, pis. 12 (2 double),

by Alexander Bittner.

The Fauna of the Spiti Shales : Vol. IV, Pt. 1, Fasc. 1 (1903), pp. 132, pis. 18; Fasc. 2

(1910), pp. 133—306, pis. 47 (2 double) : Fasc. 3 (1910), pp. 307—395, pis. 32, by
Dr. V. Uhlig ; Fasc. 4 {in the Press) : Bivalves and Gastropoda, 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, Carnic and Noric faunae of Spiti : Vol. V, Memoir No. 3 (1908), pp. 157, pis. 24

(3 double), by Dr. C. Diener.

Lower Triassic Cephalopoda from Spiti, MaUa Johar and Byans : Vol. VI, Memoir No. 1

(1909), pp. 186, pis. 31, by Drs. A. Von Kraft and C. Diener.
The Fauna of the Traumatocrinus Limestone of Painkhanda. Vol. VI, Memoir No. 2

(1909), pp. ^9, pis. 5, by Dr. C. Diener.
The Cambrian J^ossils of Spiti : Vol. VII, Memoir No. 1 (1910), pp. 70, pis. 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.

(See. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLINO, Ph.D., F.G.S.

I'he Fauna of the Kellaways of Mazar Drik : Vol. I, pt. 1 (1895), pp. 22, pis. 13.

The Fauna of the (Neocomian) Belemnite 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, pis. 23.

(NEW SERIES.)

The Cambrian Fauna of the Eastern Salt-range : Vol. I, Memoir 1 (1899), pp. 14, pi. 1,

by K. Redlich.
Notes on the Morphology of the Pelecypoda : Vol. I, Memoir 2 (1899), pp. 58, pis. 4, by

Fritz Noetling.
Fauna of the Miocene Beds of Burma : Vol. I, Memoir 3 (1901), pp. 378, pis. 25, by

Fritz Noetling {out of print).

Observations sur quelques Plantes Fossiles des Lower Gondwanas : Vol. II, Memoir 1

(1902), pp. 39, pis. 7, by R. Zeiller.

Permo-Carboniferous Plants and Vertebrates from Kashmir : Vol. II, Memoir No. 2

(1905), pp. 13, pis. 3, by A. C. Seward and A. Smith Woodward.
The Lower Palaeozoic Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir

No. 3 (1906), pp. 154, pis. 8, by F. R. C. Reed.
The Fauna of the Napeng Beds or the Rhsetic Beds of Upper Burma : Vol. II, Memoir

No. 4 (1908), pp. 88, pis. 9, by Miss M. Healey.
The Devonian Faunas of the Northern Shan States : Vol II, Memoir No. 5 (1908), pp. 183,

pis. 20, by F. R. C. Reed.
The Mollusca of the Ranikot Series : Vol. Ill, pt. 1, Memoir No. 1 (1909), pp. xix, 83,

pis. 8, by M. Cossmann and G. Pissarro. Introduction, by E. W. Vredenburg.
On some Fish-remains from the Beds at Dongargaon, Central Provinces : Vol. III. Memoir

No. 3 (1908), pp. 6, pi. 1, by A. Smith Woodward.
Anthracolithic Fossils of the Shan States : Vol. Ill, Memoir No. 4 (1911), pp. 74, pis. 7,

by C. Diener.
The Fossil Giraffidae of India : Vol. IV, Memoir No. 1 (1911), pp. 29, pis. 5, by G. E.

Pilgrim.
The Vertebrate Fauna of the Upper Nari Series in the Bugti Hills and the Punjab :

Vol. IV, Memoir No. 2 {in the Pres's), by G. E. Pilgrim.
Lower Gondwana Plants from the Golabgarh Pass, Kashmir : Vol. IV, Memoir No. 3 (iv

the Press), by A. C. 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 INDIA.

Vol. 1, 1868.

Part 1 (out oj ^)rtn<).—Annual report for 1867. Coal-seams of Tawa valley. Coal in

Garrow Hills. Copper in liundelkuud. Meteorites.

I'art 2 (out of print).—Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geo-

logical notes on Surat coUectorate. Cephalopodous fauna of South Indian cretaceous

deposits. Lead in Kaipur district. Coal in Eastern Hemisphere. Meteorites.

Part S iout of wint).—Gastropodous fauna of South Indian cretaceous deposits. Notes on

route from'Poona to Nagpur via Ahmednuggur, Jalna, Loonar, Yeotmahal, Mangali

and Hingunghat. Agate Hake in pliocene
( 0 deposits of Upper Godavery. Boundary

of Vindhyan series in Kajputana. Meteorites.

Vol. II, 1869.

Part 1 {out of print).—Valley of Poorna river, West Berar. Kuddapah and Kurnool

formations. Geological sketch of Shillong plateau. Gold in Singhboom, etc. WelU
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.

Part 5.—Geology of Kuch, Western India. Geology and physical geography of Nicobar

Islands.

Part 4 (out of print).—Beds containing silicified wood in Eastern Prome, British Burma.

Mineralogical statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur

district. Meteorites.
Vol. Ill, 1870.

Part 1 (out of print).—Annual report for 1869. Geology of neighbourhood of Madras.

Alluvial deposits of Irrawadi, contrasted with those of Ganges.

Part 2 (out of prxnt).—Geology of Gwalior and vicinity. Slates at Chiteli, Kumaon.
Lead vein near Chicholi, Kaipur district. Wardha river coal-fields, Berar and Cen-

tral Provinces. Coal at Karba in Bilaspur district.

Part S (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 in Manbhum. Assays of iron ores.

I'art 4 (out of prtnt).—Geology of Mount Tilla, Punjab. Copper deposits of DalbLum
and Singbhum : 1.—Copper mines of Singbhum : 2.—Copper of Dalbhum and Sing-

bhum. Meteorites.
Vol. IV, 1871.

Part 1.—Annual report for 1870. Alleged discovery of coal near Gooty, and of indications

of coal in Cuddapah district. Mineral statistics of Kumaon division.

I'art 2.—Axial group in Western Prome. Geological structure of Southern Konkan.
Supposed occurrence of native antimony in the Straits Settlements. Deposit in boilers

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.

Part 3 (out of print).—Boring for coal in Godavari valley near Dumaguden and Bhadra-
chalam. Narbada coal-basin. Geology of Central Provinces. Plant-bearing sand-
stones of Godavari valley.

Part 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.

Part 1.—Annual report for 1871. Relations of rocks near Murree (Maii), Punjab. Mineral-
ogical notes on gneiss of South Mirzapur and adjoining country. Sandstones in
neighbourhood of first barrier on Godavari,- and in country between Godavari and
Ellore.

Part 2 (out of print).—Coasts of Baluchistan and Persia from Karachi to head of Persian
Gulf, and some of Gulf Islands. Parts of Kummummet and Hanamconda districts in
Nizam's Dominions. Geology of Orissa. New coal-field in south-eastern Hyderabad
(Deccan) territory.

Part 3.—Maskat and Massandim on east coast of Arabia. Example of local jointing.
Axial group of Western Prome. Geology of Bombay Presidency.

Part 4.—Coal in northern region of Satpura basin. Evidence afforded by raised oy«ter
banks on coaats of India, in estimating amount of elevation indicated thereby.

7



Possible field of coai-meaBures iu Godavari district, Madras Presidency. Lameta or
intratriippean forniatiou of Central India. Petroleum localities in Pegu. Supposed
oozoonal limestone of Yellam Bile.

Vol. VI, 1873.

I'ait I.—Annual report for 1872. Geology of North-West Provinces.
I'art 2.—Bisrampur coal-field. Mineralogical notes on gneiss of south iMirzapur and ad-

joining couuiry.
Part 3 {out oj print).—Gelt in ossiferous deposits of Narbada valley (Pliocene of Falconer) ;

on age of deposits, and on associated shells. Barakars (coal-measures) in Beddadanole
field, Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt
springs of Pegu.

Part If (out of print).—Iron deposits of Chanda (Central Provinces). Barren Islands and
Narkondam. Metalliferous resources of British Burma.

Vol. VH, 1874.

I'a7t 1 {out of pri7it).—Annual report for 1873. Hill ranges between Indus valley in Ladak
and Shah-i-Dula 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 2 {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 Garo Hills. Copper in

Narbada valley. Potash-salt from East India. Geology of neighbourhood ot Man
hill station in Punjab.

Part 3 {out of print).—Geological observations made on a visit to Chaderkul, Thian Shan
range. Former extension of glaciers within Kangra district. Building and orna-

mental stones of India. Materials for iron manufacture in Raniganj coal-field. Manga-
nese-ore in Wardha coal-field.

Part If. {out of print).—Auriferous rocks of Dhambal hills, Dharwar district. Antiquity
of human race in India. Coal recently discovered in the country of Luni Pathans,
south-east corner of Afghanistan. Progress of geological investigation in Godavari
district, Madras Presidency. Subsidiary materials for artificial fuel.

Vol. VUI, 1875.

Part 1 {out of print).—Axmnal 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.

Part 2 {out of print).—Gold-fields of south-east Wynaad, Madras Presidency. Geological

notes on Khareean hills in Upper Punjab. VV'ater-bearing strata of Surat district.

Geology of Scindia's territories.

Part 3 (out of print).—Shahpur coal-field, with notice of coal explorations in Narbada
region. Coal recently found near Moflong, Khasia Hills.

P'lrt
!f

(out of print).—Geology of Nepal. Raigarh and Hingir coal-fields.

Vol. IX, 1876.

I'urt 1 (out of print).—Annual report for 1875. Geology of Sind.

Part 2 (out of 2Jn"n«).—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).—Fo&sil 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 faunae of India and Burma.

Part ff (out of jrrint).—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.

Vol. X, 1877.

Part /.—Annual report for 1876. Geological notes on Great Indian Desert between Sind

and Rii jiiutaiia. Cretaceous genus Omjihalia near Naineho lake, Tibet, about 75 miles

north of Lhas.sa. Estheria in (londwana formation. Vertebrata from Indian tertiary

and secondary rocks. New Einydine from the upper tertiaries of Northern Punjab.

Observations on under-ground temperature.

Part 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 India.,

Part 3 (out of print.).—Tertiary zone and underlying rocks in North-West Pnnj-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. Analyses of Raniganj coals.
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Part i (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 Central

Gneiss ' in Simla Himalayas. Tertiaries of North-West Punjab. Genera Choero-

meryx and Rhagatherium.
Vol. XI, 1878.

Part Annual report for 1887. Geology of Upper Godavari basin, between river

Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi.

Siwalik nia.»nmal.s. Palaeontological relations of Gondwana system. ' Erratics m
Punjab.'

Part ^.—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 5.—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore

Kistna districts. Senarmontite from Sarawak.

Part J..—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 Hangrang and Spiti. Mud eruption in Ramri Island

(Arakan). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palaeontologi-

cal notes from Satpura coal-basin. Coal importations into India.

Part S.—Mohpani coal -field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur district.

Geological reconnaissance from Indus at Kushalgarh to Kurram at Thai on Afghan
frontier. Geology of Upper Punjab.

Part S.—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 fossils from Trichinopoly district, collected in 1877-78. Sphenophyllum and
other Equisetacere with reference to Indian form Trizygia Speciosa, Royle (Spheno-
phyllum Trizygia, Un^.). Mysorin and Atacamite from Nellore district. Corundum
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda.

Part If.
—

' Attock Slates ' and their probable geological position. Marginal bone of unde-
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of

North Arcot district. Road section from Murree to Abbottabad.

Vol. XIII. 1880.

Part I.—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 Noggerathia, Stbg., Noggerathiopsis, Fstm.,
and Rhiptozamites. Schmalh., in palaeozoic and secondary rocks of Europe, Asia, and
Australia. Fossil plants from Kattywar, Shekh Budin, and Sirgujah. Volcanic foci

of eruption in Konkan.
Part 8.—Geological notes. Palaeontological notes on lower trias of Himalayas. Artesian

wells at Pondicherry, and possibility of finding sources of water-supply at Madras.
Part .1.—Kumaun lakes. Celt of palaeolithic type in Punjab. Palaeontological notes from

Karharbari and South Rewa coal-fields. Correlation of Gondwana flora with other
floras. Artesian welh at Pondicherry. Salt in Rajputana. Gas and mud eruptions
on Arakan coast on 12th March 1879 and in June 1843.

Part 4.—Pleistocene deposits of Northern Punjab, and evidence they afford of extreme
climate during portion of that period. Useful minerals of Arvali region. Correlation
of Gondwana flora with that of Australian coal-bearing system. Reh or alkali soils

and saline well waters. Reh soils of Upper India. Naini Tal landslip, 18th Septem-
ber 1880.

Vol. XIV, 1881.

Part 1 (out of prtTi<).—-Annual report for 1880. Geology of part of Dardistan, Baltistan,
and neighbouring districts. Siwalik carnivora. Siwalik group of Sub-Himalayan
region. South Rewah Gondwana basin. Ferruginous beds associated with basaltic
rocks of north-eastern Ulster, in relation to Indian laterite. Rajmahal plants.
Travelled blocks of the Punjab. Appendix to ' Palaeontological notes on lower trias
of Himalayas.' Mammalian fossils from Perim Island.

Part Nahan-Siwalik tmconformity in North-Western Himalaya. Gondwana verte-
brates. Ossiferous beds of Hundes in Tibet. Mining records and mining record ofl^ce
of Great Britain ; and Coal and Metalliferous Mines Acts of 1872 (England). Cobaltite
and danaite from Khetri mines, Rajputana; with remarks on Jaipnrite (Syepoorite).
Zinc-ore (Sinithsonite and Blende) with barytes in Karnul district. AT.Tdrns. Afnri
eruption in island of Cheduba. n

Part S.—Artesian borings in India. Oligoclase granite at Wangtu on Sutle< North-Wes*
H imalayas. Fish-.palate from Siwaliks. Palaeontological notes' from Hazaribagh and
Lohardagga districts. Fossil carnivora from Siwalik hills.



Part Jf.—Unification of geological nomenclature and cartography. Geology of Arvali region,

central and eastern. Native antimony obtained at Pulo Obin, near Singapore. Tur-
gite from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras.
Section from Dalhoasie to Pangi, vid Sach Pass. South Rewah Gondwaiui basin.

Slibmerged forest on Bombay Island.

Vol. XV, 1882.

Port 1 (out of print).—Annual report for 1881. Geology 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 India. Iridosmine from Noa-Dihing river, Upper Assam, and Platinum from
Chutia Nagpur. On (1) copper mine near Yongri hill, Darjiling district; (2) arsenical

pyrites in same neighbourhood
; (3) koalin at Darjiling. 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. Proceedings
of International Congress of Bologna.

Part 2 {out of print).—Geology of Travancore State. Warkilli beds and reported asso-

ciated deposits at Quilon, in Travancore. Siwalik and Narbada fossils. Coal-bearing

rocks of Upper Rer and Mand rivers in Western Chutia Nagpur. Pench river coal-

field in Chhindwara district," Central Provinces. Borings for coal at Engsein, British

Burma. Sapphires in North-Western Himalaya. Eruption of mud volcanoes in

Cheduba.
Part S [out of print).—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai

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 Rewah Gondwana basin).

Daranggiri coal-field, Garo Hills, Assam. Coal in Myanoung division, Henzada
district.

Part ^ [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. Laterite and other manga-
nese-ore occurring at Gosulpore, Jabalpur district. Umaria coal-field.

Part S.—Microsconic structure of some Dalhousie rocks. Lavas of Aden. Probable occur-

rence of Siwalik strata in China and Japan. Mastodon angustiflens in India. Traverse
between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasia Hilln.

near Laour, in Sylhet.

Part ^.—Palaeontological notes from Daltonganj and Hutar coal-fields in Chota Nagpur.
Altered basalts of Dalhousie region in North-Western Himalayas. Microscopic struc-

ture of some Sub-Himalayan rocks of tertiary age. Geology of Jaunsar and Lower
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar Hills.

Native lead from Maulmain and chromite from the Andaman Islands. Fiery eruption
from one of mud volcanoes of Cheduba Island, Arakan. Irrigation from wells in

North-Western Provinces and Oudh.

Vol. XVII. 1884.

Part J.—Annual report for 18S3. 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
spi iep of Kaphmir.

Part S.—Earthquake of 31st December 1881. Microscopic structure of some Himalayan
eranites and gneissose granites. Choi coal exploration. Re-discovery of fossils in

Siwalik beds. Mineral resources of the Andaman Islands in neighbourhood nf Port
Blair. Intertrappean beds in Deccan and Laramie group in Western North ,^ ;TiPrira

Part S {out of print).—Microscopic structure of s'^me Arvali rocks Section along Tndiip

from Peshawar Valley to Salt-range. Sites for boring in Raigarh-Hingir "otI -field

(first notice). Lignite near Raipore. Central Provinces. Turnuoise mines of Nishaoiir.
Khorassan. Fiery eruption from Minbyin and Volcano of Cheduba Island, Arakan.
Langrin coal-field, South-Western Khasia Hills. Umaria coal-field.

Part
}f.—Geology of part of Gangasulan pargana of British Garhwal. Slates and schists

imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Snlei-
man. Smooth-water anchorages of Travancore coast. Auriferous sands of the Suban-
siri river, Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam caves.
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Vol. XVIII, 1885.

I'art 2.—Annual report for 1884. Country between Sineareni coal-field and Kistna river.

Geological sketch of country between Singareni coal field and Hyderabad. Coal and

limestone in Doigrung river near Golaghat, Assam. Horootaxis, as illustrated from

Indian formations. Afghan field notes.

Part 2.—Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandhali series in

Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Caut. MS.).

Geology of Chamba. Probability of obtaining water by means of artesian wells in

plains of Upper India. Artesian sources in plains of Upper India. Geology of Aka
Hills. Alleged tendency of Arakan mud volcanoes to burst into eruption most

frequently during rains. Analyses of phosphatic nodules and rock from Alussooree.

Part 5.—Geology of Andaman Islands. Third species of Merycopotamus. Percolation as

affected by current. Pirthalla and Chandpur meteorites. Oil-wells
_
and coal in

Thayetmyo district, British Burma. Antimony deposits in Maulmain district. Kash-

mir earthquake of 30th ]\lay 1885. Bengal earthquake of 14th July 1885.

Part ^.—Geological work in Chhattisgarh division of Central Provinces. Bengal earth-

quake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations in

Billa Surgam caves. Nepanlite. Sabetmahet meteorite.

Vol. XIX, 1886.

Part 1.—Annual report for 1835. International Geological Congress of Berlin. Palsozoic

Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal-

bearing beds. Afghan and Persian Field-notes. Section from Simla to Wangtu, and
petrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part Z [out of prtni).—Geology of parts of Bellary and Anantapur districts. Geology of

Upper Dehing 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 S {out of print).—Geological sketch of Vizagapatam district, Madras. Geology of

Northern Jesalmer. Microscopic structure of Malani rocks of Arvali region. Malanj-

khandi copper-ore in Balaghat district, CP.
Part 4 {out of print).—Petroleum in India. Petroleum exploration at Khatan. 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 1.—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-Garhwal. Geology of Garo Hills. Indian image-
stones. Soundings recently taken off Barren Island and Narcondam. Talchir boulder-
beds. Analysis of Phosphatic Nodules from Salt-range, Punjab.

Part S.—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
6'alt-range in Punjab.

Part 3 {out of print).—Retirement of ]\Ir. !Medlicott. J. B. Mushketoff's Geology of
Russian Turkistan. Crystalline and metamorphic rocks of Lower Himalaya, Garhwal,
and Kumaun. Section I. Geology of Simla and Jtitogh. ' Lalitjiur ' meteorite.

Part If.—Points in Himalayan geology. Crystalline and metamorphic rocks of Lower
Himalaya, Garhwal, and Kumaon, Section II. Iron industry of western portion of
Raipur. Notes on Upper Burma. Boring exploration in Chattisgarh coal-fields.

(Second notice). Pressure Metamorphism, \vi(h reference to foliation 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 Himalaya,
Garhwal, and Kumaun, Section III. Birds'-nest of Elephant Island. Mergui Archi-
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble
from boulder bed ('speckled sandstone') of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo.

Part S.—Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar
System in South India. Igneous rocks of Raipur and Balaghat, Central Provinces.
Sangar Marg and Mehowgale coal-fields. Kashmir.

Part S {out of print).—Manganese Iron and Manganese Ores of Jabalpur. ' The Carboni-
ferous Glacial Period.' Pre-tertiary sedimentary formations of Simla region of
Lower Himalayas.
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Part 4-—Indian fossil vertebrates. Geology of North-West 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. Dharwar System in South India. Wajra
Karur diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite.
Generic position of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumite,
its nature, mode of occurrence in India, and cause of its flexibility. Siv^alik and
Narbada Chelonia.

Part S {out of print).—Indian Steatite. Distorted pebbles in Siwalik conglomerate.
" Carboniferous Glacial Period." Notes on Dr. W. Waagen's " Carboniferous Glacial

Period." Oil-fields of Twingoung and Beme, Burma. Gypsum of Nehal Nadi,
Kumaun. Materials for pottery in neighbourhgod 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 Kbasia
Hills. Cobaltiferous Matt from Nepal. President of Geological Society of London
on International Geological Congress of 1888. Tin-mining in Mergui district.

Part If. {out of print).—Land-tortoises of Siv?aliks. Pelvis of a ruminant from Siwaliks.
Assays from Sambhar Salt-Lake in Rajputana. Manganiferous iron and Manganese
Ores of Jabalpur. Palagonite-bearing traps of Hajmahal hills and Deccan. Tin-
smelting in Malay Peninsula. Provisional 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 Lower Hima-
layas, Garhwal and Kumaun, Section IV. Bivalves of OUve-group, Salt-range.

Mud-banks of Travancore coasts. '

Part S {out of print).—Petroleum explorations in Harnai district, Baluchistan. Sapphire
Mines of Kashmir. Supposed jNIatrix of Diamond at Wajra Karur, Madras. Sonapet
Gold-field. Field notes from Shan Hills (Upper Burma). New species of Sjrring-

osphaeridae.

Part S {out of print).—Geology and Economic Resources of Country adjoining Sind-Pishin
Railway between Sharigh and Spintangi, and of country between it and Khattan.
Journey tfcrough 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 Minerals, Gem
Stones, and Quarry Stones in Indian Empire.

Part 4 {out of print).—Geological sketch of Naini Tal; with remarks oh natural conditions

governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lisu

and Ranithi rivers. Basic Eruptive Rocks of Kadapah Area." Deep Boring at Luck-

now. Coal Seam of Dore Ravine, Hazara.

Vol. XXIV, 1891.

Part 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 Sambhar Lake in Rajputana, and
' Reh ' from Aligarh in North-Western Prvinces. Analysis of Dolomite from Salt-

range, Punjab.
Part S.—Oil near Moghal 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 (Schorl) Mines in

Mainglon State.—Salt-spring near Bawgyo, Thibaw State.

Part 3 (out of print).—Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin

Duncan. Pyroxenic varieties of Gneiss and Scapolite-bearing Rocks,

Part //.—Mammalian Bones from Mongolia. Darjiling Coal Exploration. Geology and

Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab.

Vol. XXV, 1892.

Part /.—Annual report for 1891. Geology of Thai Chotiali and part of INIari country.

Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent

Deposits of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat ; with appendices on

Chamans of Quetta ; and Artesian water-supply of Quetta and Pishin.

Part S {out of print).—Geology of Safed Koh. Jherria Coal-field.

Part .5.—Locality of Indian Tsrheffkinite. Geological Sketch of country north of Bhamo.
Economic resources cf Amber and Jade mines area in Upper Burma. Iron-ores and

Iron Industries of Sulem District. Riebeckjte in India. Coal on Great Tenaaserira

River. Lower Burma.
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Part 4-—Oil Springs at Moghal Kot in Shirani Hills. Mineral Oil from Suleiman Hills.

New Amber-like Resin in Burma. Triassic Deposits of Salt-range.

Vol. XXVI, 1893.

Part 1.—Annual report for 1892. Central Himalayas. Jadeite in Upper Burma. Bur-
mite, new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District,

1891-92.

Part 2.—Earthquake in Baluchistan of 20th December 1892. Burmite, new amber-like
fossil resin from Upper Burma. Alluvial deposits and Subterranean water-supply of

Rangoon.
Part 3.—Geology of Sherani Hills. Carboniferous Fossils from Tenasserim. Boring at

Chandernagore. Granite in Tavoy and Mergui.
Part —Geology of country between Chappar Rift and Harnai in Baluchistan. Geology

of part of Tenasserim Valley with special reference to Tendau-Kamapying Coal-field.

Magnetite containing Manganese and Alumina. Hislopite.

Vol. XXVII, 1894.

Part 1.—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab.
Part 2 (out of print).—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan).

Gohna Landslip, Garhwal.
Part t> (out oi print).—Cambrian Formation of Eastern Salt-range. Giridih (Karharbari)

Coal-fields. Chipped ( ?) Flints in Upper Miocene of Bui-ma. Velates Schmideliana,
Chemn., and Provelates grandis, Sow. sp., in Tertiary Formation of India and Burma.

Part j^.—Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System
of Baluchistan. Highly Phosphatic Mica Peridotites intrusive in Lower Gondwana
Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Part 1.—Annual report for 1804. Cretaceous Formation of Pondicherry. Early allusion

to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1894.

Part S.—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 S.—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 Vindhyana.
Lower Vindhyan area of Sone Valley. Tertiary system in Burma.

Vol. XXIX, 1896.

Pari 1.—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
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts,

Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of " Gondwanaland." Notes.

Part 3.—Igneous Rocks from the Tochi Valley. Notes.
Part

/f.—Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Kaimm) area of
Sone Valley, Rewnh. Notes.

Vol. XXX, 1897.

Part 1.—Annual report for 1896. Norite and associated Basic Dykes and Lava-flows in

Southern India. Genus Vertebraria. On Glossopteris and Vertebraria.
Part 2.—Cretaceous Deposits of Pondicherri. Notes.
Part S.—Flow structure in igneous dyke. Olivine-norite dykes at Coonoor. Excavations

for corundum near Palakod, Salem District. Occurrence of coal at Palana in Bikanir.
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896.

Part 1^.—Nemalite from Afghanistan. Quartz-barytes rock in Salem district, Madras
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc, from Lower
Pliocene of Burma. 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 district.

Zewan beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mianwali district,

Punjab. Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district. ^Miscellaneous Notes. Assays.

Part 2 (out of print).—Lt.-Gen\. C. A,. McMahon. Cyclobus Haydeni Diener. Auriferous
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
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methode of Coke-making at, iiast Indian Railway Collieries, with supplementary note
by Director, Geological Survey of India. Miscellaneous Notes.

I'art S (out of 'print).—Upper Palaeozoic formations of Eurasia. Claciation and History
of Sind Valley. Halorites in Trias of Baluchistan. Geology and Mineral Resource*
of Mayurbhanj. Miscellaneous Notes.

Part^ (out of print).—Geology of Upper Assam. Auriferous Occurrences of Assam.
Curious occurrence of Scapolite from Madras Presidency. IMiscellaneous Notes. Index.

Vol. XXXII, 1905.

Part 1 (out of prtnO-—Review of Mineral Production of India during 1898—1903.
Part S (out of print).—General report, April 1903 to December 1904. Geology of Pro-

vinces of Tsang and U in Tibet. Bauxite in India. Miscellaneous Notes.
Part 3 (out of print).—Anthracolithic Fauna from Subansiri Gorge, Assam. Elephas

Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone
of Byans. Amblygonite in Kashmir. Miscellaneous Notes.

Part Obituary notices of H. B. Medlieott and W. T. Blanford. Kangra Earthquake
of 4th April 1905. Index to Volume XXXII.

Vol. XXXIII, 1906.

Part 1 (out of print).—Mineral Production of India during 1904. Pleistocene ]\Iovem'ent in
Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern Shan States.
Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Narnaul Dis-
trict (Patiala State). Miscellaneous Notes.

Part S (out of print).—General report for 1905. Lashio Coal-field, Northern Shan States.
Namma, Mansang and Man-se-le Coal-fields, Northern Shan States, Burma. Mis-
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 ^ (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. Dandii Coal-field : Coal outcrops in Kotli Tehsil of
Jammu State. Miscellaneous Notes.

Part 2 (out of print).—Mineral Production of India during 1905. Nummulites Douvillei,
with remarks on Zonal Distribution of Indian Nummulites. 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
witF reference to Zonal distribution of Eocene Echinoidea.

Part If (out of print).—Jaipur and Nazira Coal-fields. Upper Assam. Makum Coal-fields

between Tirap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan
district, Upper Burma. Asymmetry of Yenangyat-Singu Anticline. Upper Burma.
Northern 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 print).—General report for 1906. Orthophragmina and LepidocycHna 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.
Port 4.—Preliminary survey of certain Glaciers in North-West Himalaya. B.—Notes on

certain Glaciers in Lahaul. C.—Notes on certain Glaciers in Kumaon. Index to

Volume XXXV.
Vol. XXXVI, 1907-08.

Part 1.—Petrologioal Study of Rocks from hill tracts, Vizagapatam district, Madras
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presi-

dency. Stratieraphical Position of Gangamopteris Beds of Kashmir. Volcanic out-
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MISCELLANEOUS PUBLICATIONS.

A Manual of the Geology of India. 4 Vols. With map 1879-1887—
Vol. 1. Peninsular Area. ^ By H. B. iMedlicott and W. T, Blanford
Vol. 2. Extra 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 B. D. Oldham (1803). Price 8 rupees.
A Manual of Geology of India, Economic Geology, by the late Prof. V. Ball, 2nd

edition, revised in parts.

Part 1.—Corundum. By T. H. Holland (1898). Price 1 rupee,
oular guides to the Geological collections in the Indian Museum, Calcutta

—

No. 1. Tertiary vertebrate animals. By R. Lydekker (1879) (out of print).

No. 2. Minerals. By F. R. Mallet (1879) (out of print).

No. 3. By F. Fedden (1880) (out of print).

No. 4. Palaeontological collections. By 0. Feistmantel (1881). Price 2 annas.
No. 5. Economic mineral products. By F. R. Mallet (1883) (out of print).

Ad introduction of the Chemical and Physical study of Indian Minerals. By T. H.
Holland (1895) (out of print).

Catalogue of the remains of Siwalik Vertebrata contained in the Geological Department of

the Indian Museum. By R. Lydekker, Pt. I. Mammalia (1885). Price 1 rupee.
Pt. II. Aves, Reptilia, and Pisces (1886). Price 4 annas.

Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata contained in tha
Geological Department of the Indian Museum. By R. Lydekker (1886). Price 4
annas.

Bibliography of Indian Geology. By R. D. Oldham (1888). Price 1 rupee 8 annas.
Report on the geological structure and stability of the hill slopes around Naini Tal. 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 (1908). Price 1 rapee
(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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burst of Late Tertiary Age in South Hsenwi, N. Shan States. New euidee from
Bugti Hills, Baluchistan. Permo-Carboniferous Plants from Kashmir.

Part 2 (out of print).—Mineral Production of India during 1906. Ammonites of Bagh
Beds. Miscellaneous Notes.

Part 3 {out of print).—Marine fossils in Yenangyaung oil-field, Upper Burma. Fresh-
water shells of genus Batissa in Yenangyaung oil-field, Upper Burma. New Species
of Dendrophyllia from Upper Miocene of Burma. Structure and age of Taungtha
hills, Myingyan district. Upper Burma. Fossils from Sedimentary rocks of Oman
(Arabia). Rubies in Kachin hills. Upper Burma. Cretaceous Orbitoides of India.

Two Calcutta Earthquakes of 1906. Miscellaneous Notes.
Part 4.—Pseudo-Fucoids from Pab sandstones at Fort Munro, and from Vindhyan series.

Jadeite in Kachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe dia-

trict. Upper Burma. Group of Manganates, comprising Hollandite, Psilomelane and
Coronadite. Occurrence of Wolfram in Nagpur district. Central Provinces. Mis-
cellaneous Notes. Index to Volume XXXVI.

Vol. XXXVII, 1908-09.
Part 1 (out of print).—GeneTal report for 1907. Mineral Production of India during 1907.

Occurrence of striated boulders in Blaini formation of Simla. Miscellaneous Notes.
Part S (out of print).—Tertiary 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. Laterites from Central Provinces. Miscella-
neous Notes.

Part S (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 Arakan Coast, Burma.

Part .'1.—Gypsurn 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 during 1908.
Part S.—Ostrea latimarginata in Burma. China-clay and Fire-clay of Rajmahal Hills.

Coal at Gilhurria. Pegu Inlier at Ondwe. Salt Deposits of Rajputana. Miscellaneous
Notes.

Part 3.—Geology of Sarawan, Jhalawan and Las Bela. Hippurite limestone in Seistan,

Afghan Fusulinidse. Miscellaneous Notes.
Part

!f.—Western Prome and Kama. Recorrelation of Pegu system. Pegu fossil fish-

teeth. Yeuangyat Oil-field. Iron-ores of Chanda. Geology of Aden Hinterland.
Petrography of Aden Hinterland. Fossils from Aden Hinterland. Miscellaneous
Notes. Index to Volume XXXVIII.

Vol. XXXIX, 1910.

Quinquennial Review of Mineral Production for 1904 to 1908. Index to Volume XXXIX
Vol. XL. 1910.

Part 1.—Pre-Carboniferous Life-Provinces. Lakes of the Salt Range. Glaciers in

Sikkim. New Tertiary mammals.
Part 5.—General Report for 1909. Mineral Production of India during 1909.

Part —Tertiary Freshwater Deposits of India. Silurian-Trias sequence in Kashmir.
Fenestella beds in Kashmir.

Part
!f.—Alum Shale and Alum Manufacture, Kalabagh. Mianwali district. Punjab. Coal-

fields in North-Eastern Assam. Sedimentary Deposition of Oil. Miscellaneous Notes.
In.dex to Volume XL.

Vol. XLI, 1911.
Part 1.—Age and continuation in Depth of Manganese-ores of Nagpur-Balaghat Area.

Manganese-ore deposits of Gangpur State, Bengal, and Distribution of Gondite
Series in India. Baluchistan Earthquake of 2l8t October 1909. Identity of Ostrea
Promensis from Pegu System of Burma and Oscrea Digitalina Eichwald from Miocene
of Europe. Mr. T. R. Blyth. Miscellaneous Notes.

Part ?.—General Report for i910. Devonian Fossils from Chitral, Persia, etc. Sections

in Pir Panjal Range and Sind Valley.
Part 3.—Mineral Production of India during 1910. Samarskite and other minerals m

Nellore District, Madras Presidency. Coal in Nnmchik Valley, Upper A.<;sam. Mis-
cellaneous Notes.

The price fixed for the pw'-lications is 1 rupee fl.'. 4r7.) each part, or 2 rupee<« (2.s. 8<f.)

each volume of four parts.
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