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Annual Report op the Geological Suevey of India, and of the Geological

Museum, Calcutta, for the year 1880.

The tale of work for the past year must be brief : an unusually large pro

portion of our geologists were absent on furlough or sick leave ; and of the

surveys accomplished, there is, in several cases, but little to be said, as they con-

sisted of the extension or completion of geological boundaries, the discussion of

which had already been made, as noticed in previous reports.

Mr. King finished mapping the Gondwana rocks of the Pranhita-Godavari

GodXvaki : basin. His final report on that ground is now in courso

MM. King and Oldham. 0f preparation for publication in the Memoirs of the Sur

vey. Mr. Oldham, immediately on his arrival in India, took the field with

Mr. King late in December (1879) and assisted in the work. It was a favourable

opportunity for him to make acquaintance with the characters of some of the

principal formations of peninsular India. Unfortunately, he also underwent

initiation to jungle fever, which he had some difficulty in shaking off. I had

intended that he should in the following season carry on the survey into the

adjoining area of the Buster country, which still forms one of the ugly blanks in

our geological map of India : but under the circumstances, such an attempt would

be unjustifiable, so Mr. Oldham has been transferred to the Himalayan region,

where, indeed, for objects of geological interest, his services are more advantage

ously employed.

We have at last commenced an attack in regular form on one of the two great

South Kewah : central basins of Gondwana rocks—that occupying a very

Mr. Hughes. large part of the drainage area of the Son (Sone) river

and its chief tributaries, and principally comprised within the Rewah State.

There have been excellent practical reasons for this postponement, in the more

urgent call for the examination of ground where the discovery of coal would be

of more immediate utility ; but it is only in these areas that we can come to terms

with the Gondwana formation. In this connexion I may quote a passage from

my preliminary report on the Satpura basin (Memoirs, Vol. X, pt. 1, 1872) as

originally submitted for publication. The passage and its context were, indeed,

printed for departmental circulation at the time, but were suppressed in the
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published report as not being in harmony with the then ruling orthodoxy.

As containing the first proposal of the name now adopted for this great rock

series, it would be independently deserving of record :—" The considerations

presented in the last few paragraphs show how difficult, and one might say un

natural, it would be to form any scale of groups applicable to this sedimentary

series in the different basins. Even the main division into an upper and a lower

series, the Mahadeva and Damuda, would be awkward and local ; the Jabalpur

group being most closely tied to the Mahadevas, and the best general physical

break in the whole sedimentary series occurring above the Barakars in the so-

called Damuda series. One must for the present be content with the independent

arrangement of the groups in the several basins (as here suggested for the Satpura

basin), postponing the final correlation of their local divisions till all the scattered

basins of the deposits, and such fossils as they may yield, have been worked out

At the same time, this difficulty brings into prominence the want of a collective

name for this series as a whole, from the Talchirs to the Jabalpur (or ? Rajmahal).

For this purpose the name Gondwana would seem to be suitable, from the country

of the most wide-spread aboriginal tribe of Central India, inhabiting a large

portion of the ground formed by these plant-bearing rocks, including the Satpura

basin where the series is apparently found most complete."

Mr. Hughes' first season's work has fully exemplified these remarks. In

1871-72 Mr. Hacket examined the western end of the field, and mapped a very

large area all as one formation continuous with the Jabalpur group, which he

had followed up continuously from Jabalpur. At this western margin this top

group of the series rests on gneiss, and it seems to expand without a break east

ward to the Son and southwards down to the coal-measures of Pali on the

Johilla In thus representing it, Mr. Hacket's work agreed with the sketch

survey made in 1860 by the late Mr. J. G. Medlicott. Both found occasional beds

of shales, or other local rocks, but nothing that seemed to offer a chance of divid

ing this great upper sandstone, which would thus have to be taken as represent

ing three-fourths of the whole Gondwana system. In 1878-79 Mr. Griesbach

mapped the extreme eastern end of the basin, where he was able to recognize almost

the entire series of groups as known in the Damuda region (Memoirs, Vol. XVI,

pt. 2). Mr. Hughes has now made a careful preliminary examination of a broad

band across the middle of the basin, and there seems but small agreement with

either of the two terminal sections. A first remark is the small total thickness

of the formation here as compared to that found in the Satpura basin, although

the Gondwana area of the Son is much the larger of the two. It may, however,

be observed that here the whole of the sedimentary basin (as now remaining) is

exposed, except for a small length on the south-west border, where it passes

under the Deccan trap ; whereas on both sides (east and west) in the Satpuras,

the Gondwana rocks are covered by the basalt, although there also symptoms

of original contraction in those directions were observed (Memoirs, Vol. X, p. 183).

Mr. Hughes describes a coal-measure group on the south, of small thickness, and

showing decided affinities, both in its rocks and fossils, to the Raniganj group,

with a band at the base in which fossils of the Karharbari horizon occur, but

which has not yet proved separable stratigraphically. On tho other side, this
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band is transitionally underlaid by a moderate thickness of typical Talchir rocks,

forming the usual base of the series. The transitional character of this upper

limit of the Talchirs is illustrated by the fact that Mr. Hughes places the

required boundary-line a good deal lower down than I had done when I

examined the section of the Johilla in 1869 ; while in the similar case in the

Mohpani field (Satpura basin), Mr. Hughes places the same boundary higher

than I had done, the rocks being completely exposed in both sections.

The most decided boundary in the series is where the ferruginous sandstones

and clays overlie the coal-measures of the southern field ; but in the lower portion

of those upper rocks the fossils are recognised by Dr. Feistmantel as very

decidedly of Lower Gondwana species. The relation is altogether most similar

to that of the Kamthi-Bardkar boundary in the Wardha-Godavari area, as has

been already noticed. The most promising result of Mr. Hughes' observations

has been the discovery of a considerable band of clays, &c., overlying, but closely

related to, the middle sandstones, identical in every character with the Maleri

group of the Godavari basin, and containing the same well known reptilian

fossils. These clays occupy a large area in a middle position on the north side

of the basin : they are overlaid transitionally by sandstones very similar to those

below them, and forming isolated plateaus in the low ground formed of the clays

The place of these reptilian clays in the continuous series of the Son basin

corresponds very well with that independently assigned to the Maleri clays in

the Pranhita-Godavari area, where they are unconformable, or at least trans-

gressive, on the Kamthi beds ; and it corresponds equally well with that of the

Denwa clays (in which also Mr. Hughes had succeeded in finding the reptilian

remains) in the series of the Satpuras, over the Pachmari (Mahadeva) sandstone,

and below the Bagra and Jabalpur groups. With the latter case, there is, moreover,

homology of stratigraphical position in the basin, from which a clue may be taken

to solve the difficulties noticed by Mr. Hughes in South Rewah : the Denwa

clays certainly never did rise far on the extension of their present outcrop ; in

the continuous ridges of sandstone across their strike at each end of the basin,

they are either represented by sandstone, or their position is lost in the coa

lescence of the overlying and underlying sandstones. In both basins the final

difficulty will be to indicate, in those unbroken masses of sandstone, groups that

are more or less well defined in contiguous ground.

Sub-Assistant Hera Lai worked under Mr. Hughes' instructions during the

season, and was useful in tracing and mapping trap dykes.

In the last annual report a prospect was held out that the current season's

Rajputana: work would complete a large area for publication. The

Mr. Bucket. ground was covered, but the publication must be post

poned. In the neighbourhood of Chittorgarh Mr. lHacket came upon rocks

showing relations that conflict very much with the information as yet gathered

regarding the Arvali rock-series. Until these new features are worked out,

it would be impossible to bring forward a description dealing principally

with that series.

This survey had to be suspended for the season, while Mr. Fedden took

Kattywab. charge of the museum during Mr. Mallet's absence.
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The search for fossils in the Siwaliks of the north-west Punjab during the

Stb-Himalatas : past season was not very successful ; it was partly under-

Mr. Theobald. taken in ground where collections had recently been made,

so of course there were fewer specimens to be found weathered out from the

rocks, and the result depended more upon what could be unearthed by labour.

In the dearth of fossils, Mr. Theobald directed his attention to the elucidation of

his views on the glacial phenomena of the outer Himalayan region. If we can

accept his published observations (Records, Vol. XIII, p. 221) as correct, there

would seem to be made out an interesting fact with reference to the large erratic

blocks which have so often attracted notice as probably connected with a period

of greater glacial extension in the Himalayas,—that the distribution of those

blocks took place after the deposition of the old river gravels. Such a general

limitation of the origin of these erratics to a definite period would, no doubt,

tend to confirm the supposition of their connexion with a greater intensity

of glacial conditions, an opinion against which no serious opposition has been

offered ; but I think that Mr. Theobald's observations will be held to negative

the conclusion he would base upon them, that in his typical instance a KagMn

glacier can have travelled down the steep valley of the Kanhar without removing

or disturbing the river gravels previously deposited.

This question links itself to another that has been vigorously contested by

Mr. Theobald in our Records for the year under review, namely, that of the

origin of the Kumaun lakes. The point has been exclusively argued as between

glaciers and landslips, to the exclusion of a cause which must, I think, yet claim

more attention. Mountain lakes are undoubtedly often formed by landslips.

Mr. Mallet has described such an one in the lower hills of Sikkim (Memoirs,

Vol. XI, p. 7) ; but hypogene ground-movements cannot be ignored in such a

question. I showed long ago (1864) that tremendous disturbance had affected

the Sub-Himalayan zones subsequent to the configuration of the adjoining

mountain area very much as we now see it, and that the reimlt was accomplished

by an almost insensibly slow process. I afterwards (1867) attempted to apply

this process on a large scale to account for the origin of the great lakes of the

Alps (Quart. Journ. Geol. Soc., London, Vol. XXIV, p. 34). There are no

such lake-basins in the Himalayas, but it would be worth consideration whether

this mode of formation might not apply to some of the small lakes that do occur

in that region of the mountains. There is a pair of pretty little lakes at Kundlu,

between Rupar and Bilaspur, on the direct road from the plains to Kulu. They

lie in a detached range of small elevation, entirely formed of tertiary sandstones,

where the most advanced glacialist would hardly venture to suggest a glacier had

ever existed. I did not examine the point critically when on the ground, and I

have not had an opportunity of visiting the spot since this question has come

into prominence. The features did not suggest to me a formation by landslip ;

I took the lakes to be in a rock basin, and the barrier to have been formed by an

upward creep along a very limited zone. It seems to me that in a very heteroge

neous mass of contorted rocks intense lateral pressure below may often result in

the local squeezing up of a more rigid mass of rock, or one of which the bearings

lend themselves to such a result of resistance.
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In last annual report I stated that Mr. Theobald's matured study of the Sub-

Himalayan rocks, the result of six seasons' field-work, would be brought out after

the then current season. It is now published in the present number of the

Records, and will be found amply to justify the reasons I had assigned for its

postponement. Unfortunately, my having mentioned those reasons (under the

impression that some apology was due) seems to have stimulated Mr. Theobald

to the futile attempt to make up by verbal criticism and argument (or assertion)

for what was wanting in material evidence.

Sub-Assistant Kishen Singh worked under Mr. Theobald's instructions for

the early part of the season, until he was recalled to Calcutta for duty in the

Museum. For the current season some easy work has been entrusted to him on

the Vindhyan rocks in Central India.

Before going on sick leave in March, Mr. Wynne managed to complete his

HazAra : survey of some of the blank areas in his map of Hazara, as

Mr. Wynne. published in the Records for 1879 (Vol. XII, pt. 2).

During his last summer campaign in the high Himalaya, Mr. Lydekker has

Nobth-West brought within our ken a large area on the north-west

Himalaya : confines of the Kashmir Territories, in Dardistan and

Mr. Lydekker. Baltistan. The information gained is, of course, import

ant, although it admits of but little display in detail, a very large part of the area

being formed of highly metamorphic rocks. The gneiss of the Kailas axis ex

pands on the south-west into confluence with that of Deozai, Dardistan, and Chiias

(beyond the Indus), and on the north-east with that of the Mustag, which is

probably continuous with that of the Pamir massif, the whole forming a great

node between the Tibetan ranges on the south-east and those of the Hindu Knsh

on tlje west. North of Shigar an independent basin of triassic and palaeozoic

strata comes in on the southern flanks of the Mustag, and extending north-west

wards towards Nagar.

In the ground previously explored, Mr. Lydekker notices some hitherto un

observed patches of tertiary rocks in the neighbourhood of Dras, and also the

occurrence of cretaceous forms of fossils in the tertiary basin of the Indus.

These facts have somewhat opposite bearings : the Dras outliers rest on or in

palaeozoic rocks, and thus confirm the view already arrived at regarding the great

stratigraphical break between the cretaceous and eocene deposits in this part of the

Himalayan region ; whereas the palseontological fact would tend to reduce the

time-value of that break. It is one more of the frequently recurring instances of

the want of any standard of comparison between our two great tests of geological

time—the structural relations of the rocks and the biological relations of their

fossil contents. This reflection may suggest doubts as to the continuity of

sequence in the palaeozoic and lower secondary deposits, as insisted on by Mr.

Lydekker in the ground he has examined.

Although the field-work was done in the summer of 1879, Mr. Griesbach's

Middle Himalayas: account of his observations in the high Himalayas of

Mr. GrietbacA. Kumaun and Hundes could not be prepared in time for

notice in the annual report for that year. His preliminary sketch was published

in our Records for May last, and fully justifies the promise I held out regard
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ing it. Great additions have been made to our knowledge of that most interest-

'ng ground, in the detailed classification of the lower secondary formations,

which Mr. Griesbach, by means of the fossils he collected, has brought into close

comparison with corresponding sections in the Alps.

A local feature of much importance has also been verified, and may, I think,

be finally accepted, that the fossil remains of large mammalia which have long

been known to occur in Tibet are really derived from the extensive undisturbed

deposits forming the great plains of that elevated region. Our best authority

on this point hitherto, General Strachey, has always asserted it was so, but upon

evidence short of certainty, and the inference he drew therefrom, that the plains'

deposits of Hundes must have been formed near the sea-level and subsequently

raised to their present elevation of 15,000 feet, has been the chief difficulty in

accepting the observation. I have always considered (see 'Manual,' p. 681)

that the biological and climatological conditions of the puzzle were more elastic

than the stratigraphical, and that the adjustment would have to be largely

made from that side. Mr. Griesbach was prevented by the Chinese officials

from staying any time in Hundes, and he has not brought any good fossils from

those deposits, but he did find bone fragments in them, and that point is, I think,

settled.

In extending his view to the general question of Himalayan geology, Mr.

Griesbach has been, perhaps, a little over-bold upon so short an acquaintance with

the gicund, and without sufficient reference to what has already been done. The

general interpretation of the ' folded flexure ' structure which he applies as the

key to the whole section, as if for the first time, has been under consideration

from the beginning of our work in this region (see Memoirs, Vol. IlI, Appendix),

and it has from the first been adopted for certain parts of the region, such as

the Dhauiadhar and the Pir Panjal ; but there are very striking structural con-

trasts between these sections and those which have been described in the area

distinguished as the lower, or outer, Himalayas, in which it has not hitherto seemed

possible to make out the flexure structure in the crude (simple) form as now

done by Mr. Griesbach. The features referred to are fully noticed in the

Manual and elsewhere, and need not be recapitulated here. The question is,

indeed, far from settled, but we must beware of closing it by the forced appli

cation of prescribed forms.

In the same paper Mr. Griesbach has ventured upon a still bolder undertak

ing, to correlate the rocks of peninsular India with those of the Himalayas and

of the world beyond the seas. These flights of generalisation are always more

or less useful as stimulants, but are unfortunately seldom susceptible of profit

able discussion on their merits ; the entertainment of passing final judgment on

them must be left to our successors. The facility with which identifications of

precarious validity are thus taken up has the inevitable effect of weakening one's

faith in what might otherwise have been accepted as matter of experience, such

as Mr. Griesbach's correlation of our Gondwanas with the Karoo series de

scribed by him in South Africa, save that this is a point upon which indepen

dent evidence has been for long converging. It is not so with the affiliation

of our Vindhyan series, through the Table Mountain rocks, to the carboniferous
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period, though the argument presented is a strong one, at least on paper. It

would indeed he convincing but for the incommensurable characters of the un

conformities which Mr. Griesbach handles with so free a touch. The Table

Mountain sandstone, as stated, is presumably carboniferous ; and if any measur

able comparison could be made between the unconformities of the Karoo beds

upon that rock and of the Gondwanas to the Vindhyans, some correspondence

might be indicated. Regarding the former feature, much detailed information is

not available, but of the latter I can say that the unconformity is as great as is

conceivable under the circumstances of comparatively little disturbance in both

formations. The physical features of the country were to a great extent transposed

in the interval of these formations, the uplands becoming hollows and the hollows

uplands, and mainly by a slow process of disintegration, but little affected by

the convenient ' land-wave.' This may not be admitted as a difficulty in the

affiliation suggested, inasmuch as the permian period may mean almost any term

of duration ; still such little facts as I have mentioned should not be lost sight

of. Prodigious breaks in time may be represented locally by slight apparent

unconformity, as might be illustrated by striking instances in India ; it never

theless remains true that stratigraphical facts, of which unconformities are not

the least conspicuous, still form our safest criterion of the actual lapse of time.

If I have ventured to make what may be thought severe remarks upon the

Afghanistan : speculative efforts of my colleague, I have done so with a

Mr. Grietbach. light heart, because of the extent and excellence of the real

work he has accomplished ; and I must not omit to mention that the ' Notes '

upon which I have commented were written under the pressure of an urgent

departure to Afghanistan, where he was engaged from March to November.

The services of a geologist were called for with special reference to a discovery

of coal near the mouth of the Bolan pass, and to afford information to the Wali

of Kandahar on the reputed mineral resources of his territory. Mr. Griesbach

offered his services, and I could have chosen no more efficient officer. Owing to

circumstances beyond Mr. Griesbach's control, the practical object of his mission

could be but little attended to ; and for the same reasons, the purely geological

observations that could be made were less detailed and extensive than might be

expected from the time engaged. Marches with troops had generally to be made

during the night, and whether on the march or in camp, or at Kandahar itself,

it was not possible to go any distance without a strong military escort. Fortu

nately, Mr. Griesbach's admirable skill with his pencil enabled him to make use

ful record of features, it was impossible to examine in detail. The results will

be published as soon as the map and figures can be prepared ; meantime the

following leading features may be mentioned :—In the whole ground traversed

between the Indus and the. Helmand, no rocks were met with older than the

cretaceous. The upper tertiary, or neogene, rocks (Manchar and Gaj groups of

Mr. Blanford's Sind series) form the fringing hills about Dadar ; and the lower

beds (Gaj) were again recognised at several points of the route. They are

always strongly unconformable to the eocene. These lower tertiary rocks have

a two-fold composition—presenting a limestone facies in Biluchistan and a

flysch aspect in Afghanistan (Ghaziabad and Kojak ranges). They are con
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formable to the cretaceous series, which is shaly at top with a strong hippuritic

limestone below. These rocks were first found at the crest of the Bolan pass,

and were the only formation observed west of the Kojak range. In this latter

country the hippurite limestone is extensively broken up by eruptive rocks, both

granitic and trappean. The metalliferous deposits occur in the contact zone of

these intrusive rocks.

I cannot close this notice of his geological work without recording how

Mr. Griesbach did honour to the Survey during the distressful days at Girishk,

Maiwand, and Kandahar when called upon to change the hammer for the sword.

Publications.—Four parts of the Memoirs were issued during the year, com

pleting Vols. XV, XVI, and XVII. Mr. Griesbach's report on the Ramkola

coal-fields form part 2 of Vol. XV. Mr. King has written parts 2 and 3 of

Vol. XVI ; the former, describing the coastal region of the Nellore portion of the

Carnatic, is a recovery of field-work done many years ago ; it is in sequence with

part 1 (by Mr. Foote) describing the corresponding region to the north, and

part 3 contains the continuation of the same region further north, in the Godavari

area ; in it are given the details of some sections that have for long been of

special interest in Indian geology, the remote outlier of the Deccan trap and its

associated fossiliferous beds at Rajahmundry. Part 2 of Vol. XVII contains

Mr. Wynne's description of the Trans-Indus continuation of the Salt-range, and

the map is uniformly coloured with that of the Salt-range itself, in Vol. XIV, by

the same author.

The Records continue to fulfil their purpose of giving immediate information

upon points of special interest, and of bringing to notice occasional observations

that might be lost sight of if reserved for mention in some appropriate descriptive

memoir. The volume for the year again happens, as last year, to contain

22 papers, with numerous maps and plates ; and again two of the best articles

are by independent contributors—Mr. G. T. Clark's observations on the evidence

for foci of eruption in the Concan ; and Dr. Carter's most useful paper on the

production of salts in the soil, as occurring to such a ruinous extent in north

western India.

The issue for the year of the Palaeontologia Indica has been full and im

portant. Professor Maetin Duncan's description of the Sind fossil corals, with

twenty-eight beautifully executed plates, forms a worthy beginning of a great

task—the description of the marine fauna of the tertiary rocks of India. This

work has already given valuable and conclusive confirmation to the correlation of

the upper groups of the series (including the Siwaliks) as worked out in the field

and from a discussion of the mammalian fauna by Mr. William Blanford.

During the winter's recess from his field work in the high Himalaya, Me.

Lydekker was able to prepare and issue a description of the fossil Proboscidia;

it forms part 5 (with 119 pages of text and 18 plates), completing Vol. I of the

series devoted to the Indian Tertiary and Post-tertiary Vertebrata. Besides his

current work in arranging the collections in the Museum, Dr. Fbistmantel issued

the first part of his flora of the Damuda and Panchet divisions, containing eighteen

plates. He also prepared very full systematical lists and indices for the earlier
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numbers, thus completing the two first volumes of tin's scries of the Palaxmtologia

Indica, entitled the Fossil Flora of the Gondwana System. As may he gathered

from remarks on a previous page, we should be quite helpless to undertake tho

classification and description of the main areas of the Gondwana formation with

out the assistance afforded by Dr. Feistmantel's elaborate study of the fossil

lxitany of these rocks. The second part of Dr. Waagen's description of the Salt-

range fossils, containing 111 pages of text and 10 plates, was issued during the

year. Tho materials for a third part are now well advanced for publication.

Mining Records.—A beginning has at last been made to establish a mining record

office in Bengal. Tho question of mining legislation, involving the inspection

of mines, in India has been repeatedly raised within the last twenty-five years. In

early days there is no doubt that much violence was practised in connexion with

the management of coal-mines, but such conduct was no more than was then in

vogue amongst large land-owners all over the country, being only the remains of

indigenous misrule ; and any traces of it still left lie in this quarter rather than

in tho management of mining establishments. The conditions which have led to

the enactment of strict regulations in countries where extensive mining operations

are carried on have as yet no existenco in India ; there arc no hardships to be

endured essentially different from those involved in other hranches of enterprise,

the adjustment of which is best left to the guidance of intelligent self interest

and benevolence. Government has therefore refrained from imposing upon this

industry the annoyances inseparable from an official inspection involving tho

actual mining operations. There is, however, one point that cannot bo left to

take care of itself, as it has but small bearing upon immediate interests, and

which, for this same reason, it is unobjectionable for Government to interfere with,

while for tho permanent interests involved it becomes obligatory to do so—to

ensure a permanent record of abandoned underground workings. To make

certain of this being done would, indeed, involve an official check upon the plans

that are made of actual workings, for it is notorious that thriftless managers will

drive ahead without keeping their mine-survey up to date ; and such a check might

well be enforced without giving any scope to officious interference with the work

ing of the mine. It has, however, been determined for the present to trust to

what can be obtained voluntarily from mine-owners, all of whom have been

officially invited to send copies of their mine-surveys to be deposited in the office

of the Geological Survey.

In this connexion I am glad to be able to announce that permission has been

given to place in the hands of Mr. V. Ball the preparation of a volume on the

economic geology of India, to form Part III of the Survey Manual, issued in 1879.

It cannot be expected that this work should contain much positive information

upon the mineral wealth of India, for little or nothing has been done in the experi

mental opening out of mineral deposits in this country, and without this, it is not

possible to form any accurate judgment of their mode of occurrence or richness.

It will, however, be of much interest and practical service to bring together

into connected form notices of all that has been seen, said or done upon this very

important subject. I feel confident that Mr. Ball will do justice to the work

ho has undertaken.
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Museum.—Good progress has been made in bringing the collections into com

plete classified arrangement. Some new cases were provided during the year, in

which the fossils recently described are now duly laid out for exhibition. While

officiating for Mr. Mallet, in charge of the mineral collections, Mr. Foddon re

arranged the series of meteorites, combining tho collection formerly belonging

to the Asiatic Society with the larger series previously in tho possession of the

Survey. The carefully-checked catalogue prepared by Mr. Fedden was pub

lished and issued before tho close of the year.

I availed myself of Mr. Mallet's willing services while on sick loavc in Europe

to supply an important want in our Museum. The collection of useful mineral

products, and the description of them in so far as relates to their abundance and

mode of occurrence, is essentially a duty of the Geological Survey, unless in

some perfectly organised State, where a properly qualified Technological Depart

ment might take charge of that branch of the work. The fulfilment of this

duty is necessarily most clastic in its standard, according to the actual conditions

and the possible or probable needs of the country, the extent of ground to be

examined, and tho facilities given or availablo for such work. The Survey has

always endeavoured to keep up to the mark of requirement in these respects, and

we now possess a fairly numerous illustration of such useful mineral substances

as arc known to occur in India. For our own and public use, we have often felt

tho want of good samples of raw materials of known quality in the arts. I

accordingly asked Mr. Mallet to endeavor to procure such samples for the Museum.

Ho made application to a large number of manufacturers, chiefly in the United

Kingdom, and numerous contributions of specimens have already reached us.

Wo hope before long to have this branch of the Museum in a fair state of

efficiency.

Library.—There wcro 1,G45 volumes and parts of volumes added to the library

during tho past year—751 by purchase and 894 presented. It should bo noted

that these figures are taken from the entries in the library register, the weekly

or monthly parts of journals being separately counted.

Personnel.—The following officers were absent on furlough during tho year :

Mr. Blanford for the wholo year; Mr. Footc rejoined his appointment on the 7th

of December, and resumed work in the Madura district ; Mr. Wynne teok twenty

months' leave on tho 3rd of April ; Mr. Mallet returned from furlough on the

23rd of October, and resumed charge of the laboratory and tho mineral collec

tions ; Mr. Ball returned to offico on the lGth of October. On the 30th of July

Mr. Pramatha Nath Bosc, B. Sc. (London), F. G. S., joined his appointment on

the graded staff of the Survey, being the first native gentleman who has dis

qualified himself for the post. There is much ground for hope that he will prove

equal to the duties he has undertaken.

Calcutta, H. B. MEDLICOTT,

Tlw 26</i Januaiy 1881. Supeiintendent, Geological Survey oj lndia.
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List of Societies ami other Institutions from which publications have hem received

in donation, or exchange, for the Library of the Geological Survey of India,

during the year 1880.

BatAVIA.—Batavian Society of Arts and Sciences.

Rblfast.—Natural History and Philosophical Society.

Berlin.—German Geological Society.

„ —Royal Prussian Academy of Sciences.

Bologna.—Academy of Sciences.

Bombay.—Bombay Branch of the Royal Asiatic Society.

Boston.—American Academy of Arts and Sciences.

„ —Society of Natural History.

Breslau.—Silesian Society of Natural History.

Brussels.—Geographical Society of Belgium.

„ —Geological Survey of Belgium.

Budapest.—Hungarian Institute.

Caen.—Linnean Society of Normandy.

Calcutta.—Agricultural and Horticultural Society.

,, —A-siatic Society of Bengal.

,, —Marine Survey.

„ —Meteorological Department.

„ —Survey of India.

„ —Trustees, Indian Museum.

Camdridoe-Mass.—Museum of Comparative Zoology.

Copenhagen.—Royal Danish Academy.

Dijon.—Academy of Sciences.

Dresden.—Isis Society.

Dublin.—Royal Geological Society of Ireland.

„ —Royal Irish Academy.

„ —Royal Dublin Society.

Edinburgh.—Geological Society.

,, —Royal Scottish Society of Arts.

., —Royal Society.

Geneva.—Physical and Natural History Society.

Glasoow.—Geological Society.

„ —Glasgow University.

„ —Philosophical Society.

Halle.—Imp. Leopol. Carol. German Academy.

Harrisburg.—Geological Survey of Pennsylvania.

Indianapolis.—Geological Survey of Indiana.

Konigsberg.—Physical Economic Society.

Lausanne.—Vandois Society of Natural Science.

London.—Geological Society.

„ —India Office.

,, —Iron and Steel Institute.

,, —Linnean Society.
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London.—Royal Asiatic Society.

,, — Royal Geographical Society.

,, —Royal Institution of Great Britain.

„ —Royal Society.

„ —Society of Arts.

,, —Zoological Society.

Madrid.—Geographical Society.

Manchester.—Geological Society.

Melbourne.—Geological Survey of Victoria.

„ —Mining Department, Victoria.

„ —Royal Society of Victoria. .

Minneapolis.—Minnesota Academy.

Milan.— Society of Natural Science.

Montreal.—Geological Survey of Canada.

Moscow.—Imperial Society of Naturalists.

Munich.—Royal Bavarian Academy of Sciences.

Neuchatel.—Society of Natural Sciences.

New Haven.—Connecticut Academy of Arts and Sciences.

„ —Editors of the American Journal of Science.

Paris.—Academy of Sciences.

„ —Geological Society of Franco.

,, —Mining Department.

Penzance.—Royal Geological Society of Cornwall.

Philadelphia.—Academy of Natural Sciences.

„ —American Philosophical Society.

„ —Franklin Institute.

Pisa.—Society of Natural Sciences, Tuscany.

Rome.—Geological Commission of Italy.

,, —Royal Academy.

Roorkee.—Thomason College of Civil Engineering.

Saint Petersburg.—Imperial Academy of Sciences.

Salem-Mass.—Essex Institute.

Singapore.—Straits Branch of the Royal Asiatic Society,

Stockholm.—Geological Survey of Sweden.

Strasburg.—Strasburg University.

Sydney.—Department of Mines, New South Wales.

„ —Royal Society of New South Wales.

Tasmania.—Royal Society.

Turin.—Royal Academy of Sciences.

Vienna.—Imperial Academy of Sciences.

,, —Imperial Geological Institute.

Washington.—Philosophical Institute.

,, —Smithsonian Institute.

„ —United States Geological and Geographical Survey.

Wellington.—Geological Survey of New Zealand.

„ —New Zealand Institute.
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Yokohama.—Asiatic Society of Japan.

„ —German Naturalists' Society.

„ —Public Works Department, Japan.

York.—Yorkshire Philosophical Society.

ZUrich,—Natural History Society.

The Government of Bengal.

„ ,, Bombay.

„ „ Madras.

„ „ North-Western Provinces.

„ „ Punjab.

The Chief Commissioner of Assam.

„ British Burma.

„ ,, Central Provinces.

» ,» Mysore.

The Resident, Haiderabad.

Foreign, and Home, Revenue, and Agricultural Departments.
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Oeology of Part of Dardistan, Baltistan, and Neighbouring Districts, being fifth

notice of the Geology of Kashmir and Neighbouring Territories.—By

R. Lydekker, B.A., F.Z.S., Geological Survey of India.

(With Map and Sections.)

I.—Introduction.

Area examined.—The area of country geologically examined by myself during

the past summer comprehends the north-western portion of the territories of

the Maharaja of Kashmir; namely, a considerable portion of Dardistdn,1 the

greater portion of Baltistan, together with Suru (Sooroo), and the upper half of

the Wardwan valley : a re-examination of the rocks of part of the Kashmir valley

has also been made.

Route traversed.—The route traversed by myself, exclusive of some minor

detours, may be summarised as follows :—Leaving the valley of Kashmir above

Bandipur, on the northern shore of the Walar lake, my ronte lay across the

Tragbal pass into the valley of the Kishanganga (Kishenganga) river: 1 pro

ceeded up this valley as far as Gurez (Gnrais), from which point I turned off to

the northward, and advanced up the valley of the Burzil (Boorzil) river, and

thence across the Dorikun (Dorikoon) pass to Astor : from the latter place I

made a short excursion to the valley of the Indus above Bawanji (Boonjie), and

returning from thence to Astor, I proceeded across the Banok (Bunnok) La to

Rondu on the Indus, and thence up the valley of that river to Skardu (Skardo,

or Iskardo). From Skardu I advanced up the valley of the Indus to its junc

tion with the Shayok (Shyok), and thence up the latter valley as far as the

district of Chorbat, to the south of which I carried my geological examination

of the preceding season : during this trip I made a ran northward up the Hushi

(Hushe) valley, as far as the foot of the gigantic peak numbered Kl on the

Survey map. Returning down the Shayok and Indus valleys, I proceeded to

Shigar, from whence, travelling up the river of the same name, I paid a visit to

the great glaciers of northern Baltistan, advancing a considerable distance up the

Palma (Punmah3) and Baltaro (Boltoro) glaciers. Returning once again to

Skardu, my route lay across the plains of Deosai, thence down the Shingo river,

and across the Marpo La to Drds. From the latter place I proceeded, by crossing

the intervening range, to Kartsi (Kurtse), and thence to Suru : from the latter

place I crossed the Bhot-Kol pass (Lanwi La) into the valley of the Wardwan

river, down which I travelled as far as Inshin, whence I crossed the range to

Nowbug, and thus once again reached the valley of Kashmir.

Previous geological notices.—The large area of country visited during this

journey is, with the exception of the neighbourhood of the Kashmir valley,

almost entirely new ground to the Geological Survey, and has indeed been but

little noticed by any geological writers. The most important previous notice is

1 For the topography of these districts the reader may consult Mr. Drew's well-known work

on KtUhun'r : " The Jummoo and Kashmfr territories," London, 1875 ; and also " The Tribes of

the Hindoo Khoosb" by Major Biddulph; Calcutta, 1880.

1 The name is so spelt on the Atlas sheet ; it is, however, pronomiced as here spelt.
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one by Lieutenant-Colonel (then Captain) Godwin-Austen, published in the

"Quarterly Journal of the Geological Society of London" for 1864, 1 to which

I shall have occasion to refer subsequently. Slight notices have been also given

by Mr. Drew,2 General Cunningham,3 the late Dr. Thomson,4 the late Dr. Fal

coner,0 and the late Mr. Vigne.6 Portions of the area examined lying near the

Kashmir valley have already been noticed by Dr. Stoliczka7 and myself8 in

papers to which I shall often have occasion to refer ; while many notices of the

geology of the valley itself have already appeared.

General characters of strata examined.—By far the er^ater portion of the strata

occurring in the area under consideration, consists of more or less completely

metamorphosed rocks belonging to more than one geological formation. In most

cases, it has not been found practicable to distinguish these different formations

on the map, as their original relations have been altered by metamorphism.

These metamorphic rocks have, however, yielded important evidence in regard

to the age of the metaniorphics in other parts of Kashmir territory, in regard to

which point considerable discussion has already taken place in earlier papers of

this series. The facts recently acquired have, moreover, entailed certain modi

fications of views previously expressed. The ascertained geological position of

rocks containing carboniferous fossils in the Wardwan valley above the village of

Suknis (Sooknis) (to the discovery of fossils in which by Mr. F. Drew reference

has been made in an earlier paper9), has shown that a much greater proportion of

the rocks of the great limestone series, than was previously supposed, must be

assigned to the triassic period.

Order of description.—With the foregoing remarks I proceed to the general

description of the rocks occurring in the area indicated, taking them firstly in

the order in which they were met with along the route traversed, and adding

some more general remarks in a later section. In the two concluding sections

some notes are added on the glaciers and hot springs of Baltistan.

II.—Description op Rocks met with on route.

Bandipur to Gicrez.—The rocks on the road between Bandipur and the Kishen-

ganga valley have been already noticed by myself in a previous paper, and10 have

been shown to be the equivalents of the silurian, and, perhaps, of still older

rocks. In the Kishenganga valley, in the neighbourhood of Gurez, there occurs

a large series of limestones and shaly rocks, conformably overlying the silurian,

and representing the carboniferous and trias. These rocks were also mentioned

' Vol. XX, p. 383.

' Loc. ext.

3 "Ladak," London, 1854.

4 '* Western Himalaya and Tibet," London, 1852.

* "Palaxmtologicnl Memoirs," Vol. I, p. 577, et seq.

* "Travels in Kashmir, Ladak, Iskardo, etc," London, 1842.

' " Mem. Geol. Surv. of India," Vol. V, p. 352, et seq.

8 Supra, Vols. IX, p. 156 ; XI, p. 30; XII, p. 15 ; XIII, p. 2G : I shall frequently refer to

these papers without citing the precise page referred to.

» Supra, Vol. XIII, p. 58.

^ Ibid., Vol. XII, p. 23.
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in the paper quoted above, but, as I have now examined them in greater detail,

and marked their boundaries with greater accuracy on the map, they require a

further notice on the present occasion.

Gurez trias, etc.—The topmost portion of the Gurez limestone1 now remain

ing, forms the lofty and precipitous cliffs on which Changi station is situated.

This rock is a massive, bluish-white, dolomitic limestone, similar to that which

occurs on the Dras river, already described in my above-quoted papers ; it is

underlaid by banded limestones like those of Sonamarg, and several parts of the

Kashmir valley. The rock has a low and constant north-easterly dip, and in

many places is full of the large Megalodon (cf.) gryphoides,* common in the

triassic rocks of parts of Ladak. To the south-west of Gurez these rocks are

underlaid by massive blue limestones, and dark, and frequently carbonaceous,

shales, passing gradually downwards into the slaty and chloritic rocks of the

silurian. The higher rocks being undoubtedly triassic,3 and the lower in all

probability silurian, it is presumed that some of the intermediate rocks must

represent the carboniferous. From the absence of carboniferous fossils in this

locality, it is, however, by no means an easy matter to fix definitely the car

boniferous horizon ; but from analogous sections in Ladak, and from a section

in the Wardwan valley, to be mentioned in the sequel, it is inferred that

the shaly and calcareous beds at the base of the limestone series are, in all pro

bability, the representatives of the carboniferous, and accordingly have been

coloured so in the map. Whether the zone is quite rightly fixed may be open to

doubt, but it cannot be far distant from the truth.

Extension of same.—Tho trias of Gurez extends to the south-east into Tilel

(Tilail), as has been already noticed in a previous paper4 ; its northern boundary

was not, however, fixed at the time of writing that paper, and may now claim our

attention. Up the valley of the Burzil river, the trias continues as far as the

village of Chewai, at which place it has acquired a southerly dip, and passes

down into a series of black carbonaceous shales and blue limestones with quartz

veinings : near the village of Dudgai (Doodigai), these lower rocks in turn gradu.

ally pass down into hard sandstones and slates, generally of a dark colour. The

carbonaceous shales are more developed on this side of the trias than on the

southern side ; they correspond in mineralogical composition very closely with

similarly situated shales in Ladak,5 and, like them, must, in all probability, be

referred to the carboniferous : to the south-east they are largely developed in

Tilel, where I have already noticed them in the paper quoted. The rocks under-

1 Notes on the occurrence of this limestone are given by Vigne, loc. cit., Vol. I, p. 209, and

Drew, loc. cit., p. 395.

* Supra, Vol. XIII, p. 44. The cephalopod previously noticed by myself I Supra, Vol. XII,

p. 24) from these rocks as a Clymenia, came from the same beds as the Megalodon. I, therefore,

think that in a field examination the specimen must have been wrongly determined and in

reality must have belonged to a large species of Ceratilen.

3 The rhsetic is here classed with the trias ; the Mrgalodo i is characteristic of the upper trias.

4 Supra, Vol. XII, p. 15, et se,f.

s Hid., Vol. XIII, p. 44.
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lying the presumed carboniferous band are those classed as the silurian.1 Some

what higher up the Burzil river, the strike of the rocks changes from its normal

north-westerly and south-easterly direction, and becomes coincident with the

course of the river ; the dip being nearly due east, at a low angle. The sam-

niits of the hills and spurs forming the ridge on the right bank of the river

consist of the presumed carboniferous shales and limestones, with the silurians

underlying them. The carboniferous rocks form the greater portion of the pre

cipitous cliffs on the left bank of the river. Above the village of Jasat, the

shale3 and limestones are remarkable for the extraordinary amount of contortion

and folding to which they have been subjected. Still higher up the river valley

the carboniferous rocks are apparently overlaid by a great series of slates, sand

stones, amygdaloids, ribband-jaspers, and conglomerates, with here and there a

thin calcareous band. These apparently overlying rocks seem to be the same as

those underlying the carboniferous on the lower part of the Burzil river, and are

certainly the same as the silurians of Dras and Tilel,8 which also underlie the

carboniferous. On these grounds I can only explain the section on the upper

Burzil by inversion, the silurians really underlying the carboniferous.

Characters of silurians.—Many of the silurians have their joint-surfaces

covered with a thin coating of a green serpentinous mineral, while the rocks

themselves are not unfrequently very similar in character to the trappoids of

Dras. The conglomerates contain pebbles of granitic gneiss, and other meta-

morphic rocks, to which I shall have occasion to refer again in the sequel.3

Dorikiln pass.—The unaltered silurian rocks continue to a short distance

above the junction of the Burzil and Nagai streams, where they have a south

westerly dip, and gradually pass downwards into a schistose gneiss. This lami

nated gneiss, which must doubtless be altered out of the lower part of the silurian

series, is finally underlaid by an unstratified white and finely crystalline gneiss,

sometimes hornblendic, and at others micaceous, and indistinguishable both in

hand specimens and in situ from true granite. This rock forms the summit of

1 At the risk of repetition, I must again remark that the silurian is placed immediately below

the carboniferous, since when fossils have been obtained in the lower Himalayan rocks no devo

nian period could be defined from them. Since, however, we have a continuous rock -series in

this part of the Himalaya, it is evident that the representatives of the devonian must exist, either

at the base of the rocks classed as carboniferous, or at the top of those classed as silurian. In

the absence of fossil evidence, and in the continuity of the infra-carboniferous roiks as a geolo

gical series, it would be worse than useless to attempt an arbitrary division. (Mr. Griesbach has

thought that in the more eastern Himalaya he could distinguish by fossils a distinct devonian

epoch. Supra, Vol. XIII, p. 93). The foregoing remarks will apply with equal propriety to the

non-recognition of the permian and rhsBtic as distinct periods. Indeed, both devonian, permian,

and rhsetic, are but transitional periods in Europe, and it is therefore not surprising that they

should not he so distinctly recognisable in other regions, where the transition of the life-forms may

have been more compressed.

5 Supra, Vol. XII, p. 15, et. >eq.

• It is very remarkable that some of the silurian conglomerates here, as well as near Dr«s,

in the Wardwan, and on the Pir Panjil, contain pebbles of a limestone exceedingly like that of

the trias, but which niust have been derived from some much older rocks, now totally removed.
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the Dorikun pass, at which place it has been referred to by Mr. Drew1 as true

granite ; it seems to be identical with the granitic gneiss3 of Dras, and some

portion of that of Ladak.

Gneiss of two periods.—It is quite evident from the occurrence of pebbles of

a granitic gneiss in the overlying conglomerates, which are presumably silu

rian, that some portion of the underlying gneiss series must have existed as

land at the time of the deposition of the silurians. This original, primitive gneiss,

which is, I think, certainly represented by that of the Dorikun pass, is doubtless

the "central" gneiss of Dr. Stoliczka. It would appear, however, that sub

sequent metamorphic action has partially altered the base of the superimposed

silurian series, and has obliterated all traces of the original unconformity

between the latter and the hypogene gneiss. This subsequent metamorphism

has rendered it almost, if not quite, impossible, in many cases, to distinguish

between the primitive and the superimposed gneiss, and therefore the red area

on the map must be taken to include gneiss of the two ages. I shall have

more to say on this question in the sequel, and in my route survey shall endea

vour to point out in what places it can be distinctly affirmed that the gneiss

belongs to one or the other period. The Dorikun gneiss being clearly primitive,

and being indistinguishable from that of Dras and Ladak, confirms my

previously-expressed view as to at least a great portion of that gneiss being

primitive.3

Astor gneiss.—To return to the section. Gneissic rocks are continued across

the Dorikun pass into the Astor valley, and are there generally light-coloured

and unstratified ; the higher beds are, however, sometimes imperfectly crystalline,

hornblendic in composition, and show more or less distinct signs of original

stratification. Near the village of Dars the lowest exposed gneiss is a light-

coloured granitic rock, crowded with large twin-crystals of white or pinkish

orthoclase, and seems to bo indentical with the porphyritic gneiss-granite of

Tankse in Ladak4 : this gneiss is also, I think, certainly primitive. Below Dars

the gneiss is generally fine-grained and dark-coloured, containing some partially

altered slaty beds : it is not easy to determine its serial relationship to the por

phyritic rock, but it probably overlies the latter, and most likely, at all events

in part, belongs to the altered silurian series.

Silurian (?) gneiss.—In the neighbourhood of Astor itself, we find the lowest

exposed rocks, as is well exhibited near the village of Dashken, consisting of

light-coloured, distinctly foliated, gneiss and mica-schist. The former is sometimes

fine-grained, frequently garnetiferous, and locally porphyritic : the crystals of

orthoclase in the latter have a peculiar lenticular form, and are embedded in

a purple felspathic base, with imperfectly crystalline structure, and frequently

containing small garnets.' The whole of the lower part of the gneiss series,

1 Loc. cit. p. 396, at p. 313. Mr. Drew also speaks of the Lailuk gneiss as granite : Mr.

Vigne (loc. cit., p. 213) speaks of the Dorikun gneiss as granite.

1 The German term "gneiss-granite" will sometimes be employed for these granite-like rocks.

» Supra, Vol. XIII, p. 57.

• Ibid., Vol. XIII, p. 30.

Known 'n Germany as " angen-gneiss " (' eyed-jjneiss,') from the form of the felspar crystals
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exposed in this neighbourhood weathers to a rusty brown colour, is frequently

ferruginous, and generally traversed by veins of white intrusive granite. Tho

rocks are generally micaceous, though sometimes hornblendic : large isolated

crystals of hornblende not unfrequently occur in the micaceous varieties. It is

these, lower rocks of the Astor series which are chiefly developed in the trans-

Indus ranges in the neighbourhood of Gilgit. Lieut.-Col. H. C. B. Tanner in

forms me that similar rocks extend as far as Garkuch, to the north-west of Gilgit.

Upper beds.—The higher portion of the Astor gneiss series, well exhibited

near Astor itself, generally consists of a dark-coloured, granitic, and often highly

hornblendic gneiss, though micaceous varieties occur here also.

Astor to Rondu.—On the road between Astor and Rondu, which crosses the

high range dividing the Astor river from the Indus, the higher and dark-coloured

gneiss-granite of Astor continues as far as the village of Popal, where it is

underlaid by micaceous, garnetiferous, and imperfectly crystalline schists, con

taining ferruginous patches weathering to a bright red or orange colour, and

traversed by veins of intrusive granite. These rocks are, of course, the same as

those underlying the higher gneiss on the Astor river, but are less crystalline ;

they are again underlaid by a light-coloured, granitic, or porphyritic gneiss

like that of the Dorikiin pass, forming the core of the ridge dividing the Astor

and Indus valleys.

Age of Aftor gneiss.—This gneiss core being primitive, it would seem that

the whole of the gneiss overlying it must be altered silurian or older palaxizoic.

With regard to the gneiss in the Astor v.alley, I have thought it possible that

some of the lower portion, especially the porphyritic, may really be a less per

fectly crystalline form of the primitive gneiss ; this, however, is only a conjecture,

and it may be that all this gneiss is altered palaeozoic. On the other hand,

the thickness on the Astor side is very great ; while the silurian conglomerates

south of the Dorikiin pass contain certain pebbles which are extremely like the

lower Astor rocks.

Rocks of Rondu.—In Rondu, to the north of the primitive axis, the rocks

consist of numerous varieties of granitic and schistose gneiss, either micaceous

or hornblendic. The intrusions of granite are here remarkably numerous, and

belong to at least two epochs, the veins of the earlier intrusion being traversed

by those of the later. The mica in these granitic veins occurs frequently in

crystals of very large size. At the village of Rondu itself, we find a dark-coloured

and granitic gneiss apparently the same as the upper gneiss of Astor : somewhat

higher up the valley this gneiss is underlaid by schistose, gneissic, and other mica

ceous rocks, alternating with several bands of a pure white, highly crystalline,

nictamorphic limestone ; these rocks have an inclination of about 70° to the north

west. Still higher up the valley, near the bend of the river, these schistose

rocks are again underlaid by a massive whito granitic gneiss, which, from its

position and mineral character, would seem to be the same as the primitive gneiss

of the Dorikiin pass, the overlying schists and limestones corresponding to the

schists of Popal.

Central gneiss.—The lower granitic gneiss forms an anticlinal axis, and is

overlaid near Byicha by the schists and limestones noticed above ; the limestone
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on this side, however, occurs in a single hand some 300 feet in thickness, and

contains some imperfectly crystalline beds : near Basho these rocks are overlaid

by the dark granitic gneiss of Rondu and Astor, a large thickness of schistose

rocks intervening between this and the limestones.

Classification.—The section of the gneiss series in this district may be tabu

lated as follows :—

r 1. Dark granitic gneiss.
Silubiait, aND (?) CaM- \ 2. Schistoso gneiss, mica-schists, partly metamorphosed slates, and,

l in Indus valley, crystalline limestones.

Pbimitivb ... ... 3. Light granitic gneiss, frequently porphyritic.

The presence of limestone in the presumed silurian series is very noticeable.

The unconformity supposed to exist between the latter and the hypogene gneiss

is entirely obliterated ; the sections are, however, here so clear that it would be

quite possible to distinguish the two series on the map, though in other localities

this has been found impracticable.

Basho rocks.—Between Basho and Katsura (Kutzurah) we have alternations of

the higher schistose and granitic gneiss. In the neighbourhood of Skardu there

occur some massive slaty and jaspideous rocks, very like the presumed silurians

of the Chang-Chenmo valley,1 and which are doubtless the unaltered represent

atives of the higher gneiss series described above.

Gneiss of Skardu and Shdyok valley.—In the Indus and Shayok valleys above

Skardu, we find alternations of granitic and schistose gneiss with less perfectly

crystalline rocks, which, without doubt, contain representatives of both the

primitive and the silurian series. It, however, seems to me to be almost impossible

to say to which period many of the rocks should be referred, as several of the higher

beds consist of white granitic gneiss. Thus, at Kiris on the Shayok, there occur

on the left bank of the river slaty rocks like those to the south of Skardu, which

are almost certainly silurians, overlaid by a thick mass of white granitic gneiss,

indistinguishable from that of the Dorikun pass. Up the Shayok valley I have

traced the gnessic rocks as far as the north side of the Chorbat-La, whence they

are continuous with those of Ladak, and consist mainly of granitic gneiss, which,

as has been before said, is probably in great part primitive.

Intrusive rocks, 8,-c.—On the lower Shayok the gneiss is frequently hornblendic

like that of Ladak. In this rock there not uncommonly occur veins of serpentine,

and near Kiris bands of amethystine quartz with garnets. Between Skardu and

Shigar, at Machilu (Muchiloo), and at some other points, the gneiss is porphyritic,

and consequently, from its resemblance to the primitive central gneiss in other

parts of the Himalaya, is inferred to be primitive." The metamorphics of the

lower Shayok, and of the Indus near Skardu, are in many places traversed by

veins of a dark-coloured, finely crystalline and intrusive minette, or micaceous

trap, much resembling that of Seifersdorf, in Saxony. The intrusions of this

trap are well exhibited where they traverse the white granitic gneiss of Kunis, on

the Shayok ; some of these intrusions occur in the form of thick, irregular

' Supra, Vol. XIII, p. 33.

» See Griesbach, Supra, Vol. XIII, p. 83.
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masses, and others in fine ramifying veins. In addition to the trap, there also

occur numerous granitic intrusions, the granite being mainly a finely crystalline

compound of quartz and felspar. The granitic and trappean intrusions appear

to have taken place at several periods, since the granite sometimes intersects the

trap veins, and vice versd.

Gneiss of Hushi.—From the village of Machilu I made a trip up the Hushi

valley northwards, to the foot of snowy peak numbered Kl. In that valley

there occur alternations of granitic and schistose gneiss, continuing up to the.

watershed. The lowest gneiss, generally forming the higher ridges and peaks,

is of the primitive porphyritic type of Dars. Beds of the Rondu metamor-

phic limestone also occur among the schistose gneiss near Hushi. The northern

extension of the gneiss beyond peak Kl will be treated of in the sequel. To the

eastward, the valley of the Saltero river seems likewise to consist entirely of

metamorphic rocks, though I have not visited the watershed.

Carboniferous of Machilu.—Some rocks overlying the gneiss at Machilu,

at the mouth of the Hushi stream, together with some lacustrine deposits in the

valleys of the Indus and Shayok, now demand a few moments' attention. In

the neighbourhood of Machilu, there occurs on the right bank of the Hushi

stream a series of rocks, consisting of purple and green slaty shales, bluish white

limestones, and buff sandstones. The relations of these rocks to the underlying

porphyritic central gneiss are somewhat obscure, owing to the amount of debris

concealing the junction. They have an easterly dip towards the high cliffs of

gneiss on the left bank ; and their lower beds appear to pass downwards into a

greenish gneiss. It appears probable that these rocks, including the gneiss at

their base, were originally unconformable to the primitive gneiss, but that their

pristine relations have been subsequently disturbed by faulting. These Machilu

rocks bear a great resemblance to some of the rocks which have been classed

as carboniferous in Ladak, and, as w'll be subsequently shown, are the same as

certain rocks underlying the trias of Shigar, which are also classed as carboni

ferous.

Lacustrine strata.—At various points in the valleys of the Indus and Shayok,

in the districts of Rondu, Skardu, and neighbourhood, there occur extensive

deposits of sand and clay of lacustrine origin, often rising to a considerable height

above the present level of the rivers. These deposits have already been commented

npon by Mr. Drew,1 Colonel Godwin-Austen, 8 General Cunningham,» and the late

Dr. Thomson.* At Rondu itself, these beds, consisting of a hard, buff, and

banded clay, occur in small patches of no great thickness. At the village of

Kuardu (Kuardo), opposite Skardu, they attain a height of more than a

thousand feet above the present level of the river. In a few places near Skardu

glacial morainic matter appears to overlie the lacustrine strata, thus indicating

the preglacial origin of the latter deposits. This inference is confirmed by the

1 Loo. cit., p. 364, " Quarterly Journal Geological Society," Vol. XXIX, p. 460.

« " Quarterly Journal Geological Society," Vol. XX, p. 384.

3 Loc. cit., p. 192.

4 Ibid., p. 220. Dr. Thomson was the first to note the probable glacial origin of the

boulders at Skardu.
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very remarkable foldings to which the lacustrine strata beneath the town of

Skardu have been subjected, in regard to which Mr. Drew has come to the

conclusion that they are certainly due to the action of ice in some form or other ;

a view in which I am disposed to concur. Colonel Godwin-Austen, as he has

informed me by letter, also considers these strata to be of preglacial age, and

thinks that they may not improbably belong to the pleistocene period, and roughly

correspond in time to some of the lacustrine strata on the south side of the Kash

mir valley. On this view, it is somewhat difficult to understand how Mr. Drew 1

can consider that any of these lacustrine strata at Skardu have been deposited in a

lake formed by a glacier damming the Indus at Katsura, unless he assumes two

periods of glaciation. In my own opinion the lacustrine strata of Rondu, from

their great similarity in composition, were probably deposited by the same lake

as those of Skardu, and of Kiris (at the junction of the Indus and Shayok),

where large masses of similar strata also occur. The lacustrine strata of the

upper Indus in Ladak are also exactly similar in mineralogical composition, and

I opine that we must look for some general cause for the formation of the chain

of lakes, in which I imagine these strata to have been deposited. It may be added

that General Cunningham is of opinion that the whole of these strata were

deposited in a contemporaneous chain of lakes, and he has published a plan

illustrating the connection and extent of the upper series of these lakes.* If these

lacustrine strata are at all contemporaneous with those of Kashmir, we must,

I think, certainly come to the conclusion that some common cause was concern

ed in the production of the pleistocene lakes in which they were deposited. The

lacustrine strata of Ladak are probably of preglacial age.

Other lacustrine strata, and glaciation.—At Hushi, to the north of Machilu

there occurs a mass of lacustrine strata more than 100 feet in thickness : other

masses also occur in the Braldu (Braldoh) valley, to which I shall have occasion to

refer subsequently ; all these strata are probably, and some certainly, newer than

those of the Indus valley. I shall not here refer further to the evidence of

former glaciation in Skardu and the surrounding country, as I have reserved

such phenomena for discussion in a subsequent section of this paper.

Shigar.—It now remains to bring under consideration the rocks on the Shigar

river,a and of its tributaries, the Braldu and Basha rivers.—On the left bank of

the Shigar, no great distance above its mouth, and to the north of the town of

the same name, there occur certain sedimentary rocks, extending into northern

Baltistan, locally unaltered and fossiliferous, but in most places totally unfossili-

ferous, and frequently having been so altered by metamorphic action, that it is

in many cases a matter of extreme difficulty to distinguish them from the older

metamorphic rocks.

1 " Jummoo and Kashmir," p. 373.

* Loc. cit., p 136.

3 It may be well to mention that there are two rivers called Shigar in the country of which

we have to treat,—one iu Baltistan, passing by the town of the same name, and another draining

the greater part of Deosai, and uniting with the Sbiugo river, to flow into the Dras liver. The-

name of the one flowing by the town of Shicar is not given on the accompany ing map : the name

is applied from the point of union of the Basha and Braldu rivers to the junction of the united:

rivers with the Indus.

H
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Previous notice.—These rocks of Shigar were first geologically examined by

Lieutenant-Colonel (then Captain) Godwin-Austen,1 who obtained from them,

as he has informed me by letter, in the ravine leading from Shigar to the north

east near Abae-lumba, in a block fallen from the cliffs above, some bad speci

mens of a species of RhynchoneUa, and from the Skoru-La, on the road to As-

koli (Askoley), numerous crinoid stems. Colonel Austen was, I believe, inclined

to class all these sedimentary rocks as carboniferous. I shall, however, show

that the higher beds are certainly of triassic age.

Sections.—It appears to me that the general relations of the rocks in ques

tion will be most readily explained to the reader by describing several transverse

sections taken through them. It must be premised that the rocks on the right

bank of the Shigar river are composed of gneiss, which is, I think, mostly of

the older type, and that porphyritic gneiss, which I also consider to belong to

the central gneiss, is found to the north and east of Shigar. At Shigar itself,

as will be shown immediately, there occurs a considerable thickness of the newer

gneiss of Rondu. It must also be observed that near Shigar the unaltered rocks

have a north-easterly strike which swings round to the north-west above the

town.

Daltiimbar Section.—The first section I have to bring to notice is taken down

the Daltumbar tributary ravine, running in a north-easterly direction from the

village of Hashupa. The rocks exposed in this ravine, starting from a distance

of about five miles from its mouth, consist of a series of regularly stratified beds,

having a low north-westerly dip, and forming a descending series to the mouth

of the ravine. The exposed section may be tabulated as follows, from above

downwards, the estimated thickness being only a very rough approximation to

the truth :—

1. Brown, black, bine and green, sbaly slates, with occasional dolo- Ft,

mitic limestones ... ... .., ... ... 1,500

2. Blue and white mottled limestones ... ... ... ... 440

3. Muck slates, with crystals of pyrite ... ... ... ... 500

4. Variously coloured shales, and partly metamorphic limestones, with

fibrous gypsum ... ... ... .. ... ... 300

5. Flaggy gneiss, with blue and white, partly metamorphosed, limestone,

in lenticular masst s ... ... ... ... ... 800

6. Black shales ... ... ... ... ... ... 200

7. White and blue dolomitic limestone and dolomite, with ferruginous

bands, weathering red ... ... ... ... ... 1,000

8. Green shales ... ... ... ... ... ... ?

In this section there appears to be no question of the serial conformity of the

whole of the beds named, the gneiss being regularly interstratified with, and

1 It is extremely unfortunate that when Colonel Godwin-austen's carboniferous fossils

from the Himalaya were sent home to Mr. T. Davidson for determination, the labels had become

confused. In consequence of this confusion fossils from the carboniferous of Kashmir were said

to have come from Shigar, and are thus noticed in the Journal of the Geological Society

(Vols. XX, p. 387, XXII, p. 39). This error is noted on the page of errata facing page 35 of the

last quoted volume. The real Shigar fossils sent bome by Colonel Austen are uot referred in to

Mr. Davidson's papers.
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passing by imperceptible degrees into, the unaltered beds immediately above and

below. The dolomites and limestones marked No. 7, I have no hesitation,

from their identity in mineralogical composition, and from their general appear

ance, in correlating with the trias of the Chang-Chenmo valley, in Ladak.1 All

the overlying beds must consequently be not older than the trias, and since many

of them are very similar to rocks which are at present classed with the trias in

Ladak, in the absence of any palaeontological evidence, I provisionally class

the whole of these rocks with the trias.

Shoru-Ld Section.—I now proceed to notice a second section taken from some

distance south of the Skoru-La (between Shigar and Askoli) down the ravine

leading to the village of Khuti. In this section the rocks present a north

easterly strike, with a north-westerly dip, the strike sweeping round at the

mouth of the ravine to become continuous with that of the rocks last men

tioned. At the commencement of this section there occur the rocks numbered

1 to 5 in the preceding section, with much the same general composition and

character. Below the gneiss band (No. 5), we find a thick mass of limestones

and dolomites, which I presume to correspond with those marked 7 in the first

section (the band No. 6 not being recognisable), though here the limestones are

more inclined to be mottled, and the two, as will be noticed below, cannot be

traced continuously. These limestones locally contain bands crowded with the

stems of crinoids, as was observed by Colonel Godwin-Austen.' This band of

limestone is underlaid by a thick series of black and green shaly slates, or slaty

shales, often carbonaceous or gypseous, and in the latter case very soft and

friable. Some of these slaty rocks near the snowy-peak marked on the atlas sheet

20,635 contain bands of a greenish-yellow serpentine.5 Occasional cherty and

calcareous bands occur in this series, and in some of the shales a very remarkable

marbled conglomeration of bright coloured rocks. In the lower part of the Skoru

ravine the rocks consist entirely of a hard greenish slate, gradually passing

downwards into a thin band of greenish gneiss. Beneath this gneiss we find

to the eastward of the village of Khuti, the following section, in descending

order, viz. :—

Ft.

1. Granitic gneiss ... ... ... ... ... ... 150

2. Little altered blue limestones and brown sandstones, greatly hardened

and contorted ... ... ... ... ••• ••• 500

S. Alternations of white nietamorpbic limestone with dark schistose gneiss 1,000

4. Massive gneiss ... ... ... ... ... ... t

i Supra, Vol. XIII, p. 34.

• It may be noted that crinoidal limestones are extremely abundant in the rhsstic (here

classed with the trias) of the more easterly Himalaya, as recorded by Mr. Griesbach (Supra, Vol XIII,

pp. 95-97).

* A specimen of this rock was presented by Major J. Biddulph to the Indian Museum (vide

Supra, Vol. XIII, p. 74) ; at Shigar small cups and vases are manufactured from this serpentine,

and are said to split if poison be poured into them. In the above quoted notice of Major

Biddnlph's specimen, Shigar is referred to Ladak, instead of to Baltiatan.
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Connection of sections.—In passing from Hushapa, at the mouth of the Dal-

tumbar ravine, round the spur to the mouth of the Skoru ravine, we find that

the limestones and dolomites (No. 7), so strongly represented at the former spot,

do not continue to join the limestones of the latter, but come to an end very

abruptly, dark slates and shales occurring on their line of strike. I can only

explain this fact by assuming the existence of a fault throwing up the lower

shales and slates, and thus cutting off the limestones.

In the ravine running north-east from Shigar, the infra-triassic shale series,

at some distance from its mouth, in place of resting upon alternations of meta-

morphic limestone and schistose gneiss, and having its lower beds altered into

a greenish gneiss, rests upon a massive granitic gneiss, thus probably indicating

unconformity. Still higher up the ravine the whole of the infra-triassic series

seems to pass into gneiss, as will be more fully noticed in the sequel.

Hashupa to Sildi.—To the north-west of Hashupa we find the gneiss over

lying the limestones and dolomites gradually increasing in thickness, so that at

some distance above that place none of the limestone is exposed, the gneiss coming

down to the base of the section. At Sildi, however, the gneiss is again underlaid

by the dolomitic limestones of Hashupa. Above Sildi, the relations of the strata

are somewhat obscure : at this point there occurs a gneiss, to which I shall have

to refer again, which elsewhere underlies the trias dolomites, but I am by no

means certain that the original relations of the rocks have not been disturbed by

faulting. If the relations are normal the trias must here form a synclinal, and

the gneiss underlie it, as we shall see to be the case when we come to the con

sideration of the Askoli section.

Age of strata.—It now remains to consider what approximation, in the absence

of any conclusive palaeontological evidence, can be made to the geological age

of the strata under consideration. It is apparent, as already observed, that the

Hashupa dolomites and limestones are not older than the trias. Consequently the

underlying shales near Shigar are almost certainly either lower trias or carboni

ferous. From the above quoted section given by Mr. Griesbach, it appears that

crinoidal limestones in the more eastern Himalaya are characteristic of the

rhsetic, and not of the trias proper. If this distribution hold good here, we

should infer that the Hashupa limestone must be the representative of the

rhaetic, and that consequently the Shigar rocks must be trias. In Europe,

however, as is well known, the middle trias (muschelkalk) is one of the great

horizons of crinoidal limestones (Encrinus liliformis'), and I, therefore, do not

consider the occurrence of these fossils as of any value in fixing horizons. In

Ladak, on the other hand, I have come to the conclusion that the shaly rocks

at the base of the great triassic limestone series are the representatives of the

carboniferous ; and, as will be subsequently shown, in Wardwan and Kashmir

the fossiliferous carboniferous rocks occur at the base of the same great triassic

limestone series, and consist in great part of shaly and slaty rocks. The trias,

on the other hand, always contains more or less of dolomites and limestones. The

balance of evidence, therefore, inclines to the view of regarding the shaly and slaty

rocks of Shigar as of carboniferous age ; and in the sequel they will accordingly
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be referred to as such, always with the proviso that, in the absence of palaeontological

evidence, the determination cannot be entirely free from doubt. 1

Age of gneiss rods.—With regard to the beds of green gneiss underlying the

carboniferous shales in the Skoru ravine, it seems probable that these beds have

been altered out of the lower shales, as similar beds are found underlying the

carboniferous of Machilu, and to the north-east of Shigar, the shales appear

to rest directly on the older gneiss. The lower gneiss between Shigar and

Skoru, containing the white metamorphic limestone, and the higher contorted

blue limestones and sandstones, clearly belongs to the gneiss series of Rondu,

end, as I have already said, seems to be unconformable to the carboniferons,

though both series dip in the same direction, with some little difference in the

direction of the strike : subsequent metamorphic action has obliterated this

presumed unconformity. The lower gneiss seems indeed to have been largely

denuded, since at Rondu the metamorphic limestones is overlaid by a great thick

ness of schistose and granitiform rocks, which could not possibly, I think, be the

altered equivalents of the carboniferous and triassic rocks of Shigar. This

view is rendered almost certain by the Machilu carboniferous rocks being in direct

relation with the porphyritic central-gneiss ; and by the same rocks to the north

east of Shigar apparently resting on gneiss which is below the horizon of the Rondu

metamorphic limestone. It is, however, somewhat noteworthy that some of the

thin bands of metamorphic limestone in the triassic gneiss are absolutely indis

tinguishable from the presumably lower silurian limestones of Rondu. Limestones,

however, of any age, if submitted to metamorphic action, would necessarily assume

much the same appearance. If the above view as to the relations of the rocks be

accepted, it will be apparent that on this side of the great range of mountains

separating the Indus from Kashmir, there must have been a break in deposition

in some part of the silurian, the upper rocks must have been denuded, and the

carboniferous thrown down upon the lower.

Alternative viae.—The only other view of the relation of these rocks that

occurs to me is that the whole series at Shigar is conformable. On this view

the schists and other gneiss above the metamorphic limestone at Rondu would

correspond to the carboniferous and trias. Against this view there are the

above-mentioned relations of the Shigar and Machilu carboniferous to the sub

jacent gneiss, already referred to, and which appear to bo insurmountable

difficulties. Again, the upper Rondu series, as before said, is so utterly unlike

the trias, that I cannot think it could possibly be the same. As a third objec

tion, assuming that the lowest gneiss in the Rondu section, is the " central "

gneiss, there would not be sufficient thickness of rock between this and the

highest gneiss of Rondu for the whole thickness of rocks from the central gneiss

to the trias. A fourth objection is, that since the Rondu gneiss is apparently

the same as the Astor gneiss, and since in the latter there is no limestone at all,

while a little to the south (in the Kishanganga valley), the trias consists

almost entirely of calcareous rocks, it appears totally impossible that any of the

i Further remarks on the relation of the trias and carboniferous will' be found in the

concluding- section of this paIwr.
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Astor rocks can be trias. I, therefore, cannot but accept the previously

explained view.

Similarity of trias over wide areas.—Accepting the view propounded above,

a noteworthy fact presents itself, which may be worth a few moments' attention,

in the similarity of the trias in mineralogical characters on the two sides of

the great gneissic axis of Baltistan and Ladak, as exemplified in theKishanganga

and Dras valleys on the south side, and at Shigar and Chang-Chenmo on

the north. At Shigar, however, the limestones and dolomites are in much

smaller proportion relatively to the other rocks than in the other localities.

This persistence of mineralogical character would seem to indicate the original

local union of the present triassic areas,

Upper Shigar and Brdldu.—I now propose to continue our survey up the

Shigar and Braldu rivers from the point where we left it at Sildi. To the north

of that village the metamorphic rocks, traversed by granitic veins, are extremely

variable in mineralogical composition and structure ; they may consist either of

light-coloured schistose gneiss, mica-schist, garnet-schist, or locally of kyanite-

schist. I have already remarked on the probable relations of these rocks to the

trias of Sildi. The same gneissic rocks continue through parts of Basha and

Braldu as far as a little south-east of Askoli, in a kind of horse-shoe form, as

will be seen from the map.1 The gneiss which occurs among them is very

generally light-coloured, distinctly foliated, very seldom granitic, and never

porphyritic. In many parts of the area in question the sequence of the rocks

is not clearly exhibited, but on the upper Braldu river a very unmistakable

section presents itself. In this region from a short distance to the westward of

Hoto to some little distance to the eastward of Askoli, we find a regularly

ascending series of these same metamorphic rocks, with a few folds, but generally

having an easterly dip averaging 45°. One or two thin bands of limestone

occur among the schistose rocks. At Askoli the hard white and foliated gneiss is

crowded with blood-red garnets, and a short distance to the eastward of that

place there occur some crumbly kyanite-schists.

Brdldu trias.—About three miles to the eastward of Askoli the gneiss is

conformably overlaid by undoubtedly triassic rocks, presenting the following

section, the passage from the underlying gneiss to the trias being an impercepti

ble one. The section shows at first thin beds of limestone and gneiss ; gradually

the limestones and dolomites increase in thickness, until near the halting place

Kiirophon these calcareous rocks are at least 1,500 feet in thickness : this thickness

is, however, merely local, and the beds thin out rapidly on either side. Many of

the limestones and dolomites have been but slightly affected by metamorphic

action while others have been converted into a highly crystalline rock : some of the

lower beds at Kurophon contain in considerable abundance long and transparent

green or blackish prisms of actinolite. In the Palma and Baltaro valleys thin-

bedded, and highly metamorphic limestones alternate with foliated and frequently

garnetiferous gneiss, the whole series showing signs of having been greatly dis

turbed, and being interpenetrated by numerous granitic intrusions in which

hornblende is generally predominant.

1 These rocks are coloured purple.
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Older rocks.—The above-mentioned rocks continue up to the present termi

nations of the Baltaro and Palma glaciers, near which points we come upon a

massive, light-coloured, and frequently porphyritic gneiss, indistinguishable from

granite. This gneiss, which I have traced to the extremity of the Palma

glacier and into the neighbourhood of the Mustag pass, appears to be the con.

stituent rock of the whole range of gigantic mountains bounding the drainage

area of the upper Braldu river, and doubtless extends across the [watershed into

Yarkand territory and to the north-west above Hunza and Nagar.1 It agrees in

composition with the lower gneiss in the Astor and Rondu districts, which I

have considered as the equivalent of the primitive or "central" gneiss of

Dr. Stoliczka, with some of the gneiss of Ladak, and apparently with the central

gneiss of Hundes. It is quite distinct in character from the gneiss to the west

of Askoli ; and is doubtless of the oldest type.

Relationship of gneissic rocks.—In the region under consideration it is a matter

of extreme difficulty to determine the precise relationship of the gneiss in

immediate connection with the trias to the primitive gneiss of the Mustag

range. Near the Palma glacier the former rocks are seen dipping at a very high

angle towards the granitic gneiss, but this cannot be the original relations of the

two rocks. The foliated gneiss to the eastward of the undoubtedly triassio

band very closely resembles the gneiss of Askoli, and I, therefore, think it

probable that a concealed synclinal axis must exist somewhere in the trias, with

inversion of the newer near the primitive gneiss.

North-westerly extension of trias.—To the north-west of Askoli I have traced

the trias and its associated gneiss along the south-western side of the Biafo

glacier as far as the Alchoric glacier : to the east of Askoli these rocks sweep

round to join the trias of Sildi.

Bdsha.—The Basha valley appears to consist in great part of gneiss, though

there are some triassic rocks. At the hot springs of Chutran (Tsutron, Tsuh-

Tron) there occurs a mass of dolomitic limestone, first noticed by Mr. Vigne,"

overlying stratified gneiss. This limestone is triassic, and it appears that the

underlying gneiss is faulted against the older gneiss to the north. It is not

improbable that much more of the gneiss between this point and the bend of the

Braldu river at Dassu is related to the triassic series, but as this point

could not be determined with any approach to certainty, all the rest of the

gneiss is coloured in with the great mass. The trias in npper Basha is alluded to

in the last paragraph. It appears that the whole of the rest of the valley

consists of gneissic rocks.

Undetermined rocks in Braldu.—In the Braldu valley to the north-west of the

village of Hoto there occur certain rocks consisting of crumbly, bright-coloured

and carbonaceous shales, with some yellow calcareous sandstones, apparently

faulted down between the gneiss cliffs forming the two sides of the valley.

These rocks present a considerable resemblance to some of the carboniferous

rocks of Shigar, but from the metamorphosed condition of the rocks immediately

1 This range of trans-Indus mountains is usually termed the Mustag range.

• Loc. cit., Vol. II, p. 273.
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below the trias in this region it seems improbable that the rocks in question can

be the representatives of the carboniferous. These rocks are not unlike somo

of the tertiariea of the Indus valley in Ladak : at present, however, 1 can give

no certain opinion as to their geological age.

Age of infra-triassic rocks.—With regard to the geological age of the gneissic

rocks underlying the trias in Braldu, it seems certain that at least a moiety

of this series must be the representative of the carboniferous of Shigar, and

indeed, as noted above, it appears that to the south-east of Askoli these rocks

gradually pass horizontally into the Shigar shales, though from the nature of

the ground, and the quantity of debris covering the rocks, the section is not

clear. In western Braldu I am by no means certain how much of the

underlying gneiss is conformable to the trias, though a considerable thickness

of it is undoubtedly so ; there are, however.- some signs of unconformity north of

Foljo, where the highly-foliated infra-triassic gneiss rests upon a more massive

and granitoid gneiss, which, however, is not the primitive gneiss of the Mustag

range. From the dissimilarity of the gneiss on the eastern and western sides of

the Braldu trias and infra-trias, and from the fact of the gneiss on the east being

presumably primitive, there must be unconformity on the eastern side, and,

therefore, there is a strong presumption of there being also an unconformity on

the western side, as it would be improbable that in adjacent areas there should

be continuous deposition in one place, and a break in the other. If this view be

correct, and it accords with the view taken of the Shigar section, it is probable

that in western Braldu the upper silurians have been denuded, and the trias and

associated rocks deposited on the lower silurians, corresponding to the infra-

carboniferous of Shigar ; in eastern Braldu, on the other hand, the same rocks

have been deposited on the older central gneiss.

Second hypothesis.—It is, however, quite within the bounds of possibility that

in eastern Braldu the lower silurians were never deposited, but that the Mustag

gneiss existed as land until the trias, with its associated rocks, was thrown down

upon it. In this case there would be no evidence for unconformity in western

Braldu, and the whole series might consequently be in conformable sequence.

The Shigar section, as I have interpreted it, is, however, somewhat against this

view, but still the two hypotheses are not totally incompatible with each other.

I may add that, in view of this uncertainty, only the gneiss which is clearly in

immediate connection with the trias has been coloured of a separate colour in the

map, the whole of the rest being coloured red : it may also be observed that the

inferior boundary of the trias is only an arbitrary one.

Fault on Shigar river.—If the reader has clearly followed the above remarks,

it will, I think, be apparent to him that we must assume the existence of a

great fault along the line of the lower part of the Shigar river.

Section from tSkdrdu to Bids.—Having now passed in review the main facts

in connection with the trans- Indus rocks of Baltistan, it is necessary to retrace

our steps to Skardu, and from thence take a survey of the cis-Indus rocks. Pro

ceeding southwards from Skardu up the Burgi ravine, we come at first upon black

and green slates intermingled with the greenish trappoid rock of Dras, referred
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to so frequently in my earlier papers. Still higher up the valley there occurs an

ellipsoid of the Shigar shales, showing some signs of unconformity to the lower

rocks. In the underlying slaty rocks which recur to the southward of this band,

I noticed a few lenticular masses of pale limestones very much resembling some

of the triassic limestones. The rocks underlying the carboniferous are, doubtlessi

some portion of the silurian series, and from their relations to the gneiss of

Deosai (Deotsu), which I take to be mainly primitive, they would appear to be

the lower part of the series, on which view the carboniferous must be unconform

able. From the occurrence of limestones in these silurians, I am inclined to

consider them as the unaltered representatives of the gneissoid rocks of Rondu

and Shigar, which I have provisionally referred to the lower silurian. These

silurians of Skardu are also, doubtless, represented by some of the metamorphic

rocks to the eastward in the Indus valley, but, as noticed above, I was there

unable to distinguish them satisfactorily from the older gneiss.

Deosai.—To the south of the Burgi (Boorgi) Lfi, these silurian rocks are

underlaid by a light-coloured, and frequently porphyritic, gneiss. The plains of

Deosai are composed of a foundation of this granitic gneiss, 1 overlaid here and

there by small patches of silurian rocks* : the latter rocks consist of slates, trap-

poids and conglomerates ; the conglomerate appearing to correspond to that of the

Pir Panj&l range on the southern side of Kashmir, and containing pebbles of the

subjacent gneiss. The junction between the silurians and the gneiss on Deosai

is quite a sudden one, confirming the existence of unconformity between the two

series, as indicated by the gneiss pebbles in the silurian conglomerate.

Shingo river.—On the Shingo river, draining the southern side of the Deosai

plains, we have mainly white granitic, and porphyritic gneiss, overlaid to the

south by the trappoids, slates, and conglomerates of Dras3 : to the north of the

gneissic rocks there occurs a band of the same slaty rocks, which are conti

nued to the south-east, and as they approach the valley of the Dras river, become

partially matamorphosed, and gradually pass into the hornblendic rocks of

Tashgam, described in the paper quoted above ; the unaltered condition of

these TashgSm rocks on the Shingo river proves the correctness of the view pre

viously expressed, that these rocks are in great part the altered equivalents of the

Dras rocks. The gneiss of the Shingo river is continuous with the granitic gneiss

to the north of Dras, which has already been described in previous papers, and

considered as the equivalent of the central gneiss of Dr. Stoliczka.

Relations of gneiss to overlying rocks.—On the Shingo river, and in the

neighbourhood of Dras the junction between the unaltered silurians and the sub

jacent gneiss is indistinct and gradual, the original unconformity whose existence

is proved by the gneiss pebbles in the silurian conglomerate, having become obli-

1 In a previous pape* (Supra, Vol. XIII, p. 28) it was stated, on the authority of General

Cunningham, that Deosai consisted entirely of this granitic gneiss, no mention being made by

that writer of the unaltered rocks. Mr. Vigno (foe. cif., Vol. 1, p. 275), in the sketch map

accompanying his geological notes on Kashmir, notices that the peaks around Deosai consist of

granite, which he clearly distinguishes from the schistose gneiss of Astor.

5 The distribution of these rocks is only very approximately represented on the map accom

panying this paper.

5 For the rocks of Drfis see above, Vol. XIII, p. 2'.

C
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ter&ted by the subsequent partial metamorphism of the lower silurians. The

Deosai section very strongly confirms the views previously expressed, that all the

lower granitic or porphyritic gneiss of the region surveyed is primitive and

unconformable to the silurians, but that the subsequent metamorphism of the

latter has, in many instances, been so extensive as to render it impossible to dis

tinguish with certainty between the two series. The observations of the past

season also tend to confirm the views previously expressed by myself as to

the equivalency of the gneiss of Dras and Kargil with the central gneiss of

Dr. Stoliczka: I shall have a few remarks to add on this subject in the next

section of this paper.

Possible occurrence of tertiary rocks in the Dras valley.—In previously-published

papers it has been considered that the whole of the slaty rocks in the Dras valley

were of palaeozoic age : during my last tour, however, I had an opportunity of

examining these rocks over a more extensive area than on previous occasions, and

I have come to the conclusion that there is a very great probability of certain of

these rocks belonging to the tertiary series of the Indus valley1 ; the rocks, how

ever, in this district are so disturbed and contorted, that it is a matter of extreme

difficulty to determine their original relationship. The rocks which I consider

to be not improbably tertiary in the Dras valley are certain orange and red clays,

mixed with a breccia, exactly resembling the tertiaries of Kargil' ; the breccia

near Walmio contains fragments of a dolomite which appears to be certainly the

same as that of the trias. In th6 Marpu (Marpo) ravine, to the northward of Dras,

there occurs a serpentine exactly like that found in such abundance at Pashkam

near Kargil. These rocks occur on the top of the silurian trappoids of Dras, but

the two series of rocks are so intimately mixed together, that, as I have shown to

be the case with the carboniferous and tertiaries at Shargol,3 it seems to me to be

impossible to say exactly which is which ; the boundaries marked on the map must,

therefore, be taken as merely an approximate representation to the truth. Near

Waturgu, the presumed tertiary rocks are inclose relation with the carboniferous,

and appear to be unconformable. Although I think I am right in referring some

of the Dras rocks to the tertiary epoch, I must admit, in the absence of fossils,

and in the impossibility of tracing them into connection with undoubtedly

tertiary rocks, that this reference cannot by any means be considered as resting

upon incontrovertible grounds.

Carboniferous and trias of Dras.—Previously to the past season's work,

the triassic rocks occurring to the south of Dras had not been traced to any

'distance in this direction ; nor had their easterly boundary been defined. The

latter point has now been determined. It may be well to remind the reader that

the northern boundary of the Dras trias has hitherto been considered to be a

faulted one, as certain rocks considered to be the carboniferous, which are

found underlying the same trias in Tilel and to the south of Dras, are not found

in the Dras valley itself. At the same time it is somewhat difficult, on the hypo-

i Some remarks on the age of the lower portion of this series will be found in the seqnel.

» Supra, Vol. XIII, p. 35.

3 See paper above quoted.
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thesis of a faulted junction, to account for the manner in which, certain outliers

of the trias, near Dras, have attained their present position, since they appear to

conformably overlie the palaeozoics. Some sections in the neighbourhood of

the valley of Kashmir have, however, recently shown that when trap-like rocks

similar to those of the Dras valley occur in the neighbourhood of the trias, the

carboniferous rocks are probably in part included in the trappoid series, and conse

quently cannot be recognised as a distinct formation. It is, therefore, not impro

bable that the same explanation may apply to the Dras valley. Consequently, in

those parts of the map where the trias is represented in immediate contact with

the silurians, the reader will understand that, at all events in many cases, the car

boniferous rocks must exist near the line of junction. To the southward of Dras,

the easterly limits of the triassic rocks are defined by a line running nearly from

north to south at a distance of about two miles to the westward of the Suru

river. Along this line the massive limestones and dolomites of the trias are

conformably underlaid by a series of carbonaceous and crumbly shales, alternat

ing with thin-bedded blue limestones traversed by veinings of yellow quartz.

These rocks are absolutely identical in mineralogical composition with similarly

situated rocks in Ladak, which have been referred to the carboniferous : they

also very closely resemble the undoubtedly carboniferous rocks in the Wardwan

valley, shortly to be poticed.

Silurians.—The presumably carboniferous rocks are underlaid by the siluri

ans, which on the Suru river consist mainly of slates, the trappoid rocks of the

Dras valley being very poorly represented. This very local distribution of the

trappoid rocks is a strong argument in favour of their igneous origin.

Granitic gneiss of Kartsi.—'Neax the village of Sanku (Sankoo), in Kartsi

(Kurtse), there occurs an elliptical dome-shaped mass of white granitic gneiss,

with its long axis directed north-east and south-west, underlying the slates,

which have a quaquaversal dip round the gneiss, except on the south- side.

The upper portion of this gneiss-granite seems to be conformable to the slate

series ; and the rock appears to be identical with the Dras gneiss, and is there

fore probably primitive; but whether the whole of the sedimentary series is

present between the gneiss and the trias may be doubted, both on account of

the proximity of the two series and for reasons to be detailed in the sequel. On

the south side there appears probably to be a fault separating the granitic gneiss

from the semi-metamorphic rocks of Suru to be noticed immediately : on the

side in question, the foliation of the gneiss and the stratification of the semi-meta

morphic rocks incline towards one another at a high angle.

Semirmetamorphic rocks ofSuru.—In the Suru district there occurs an enormous

ly thick series of semi-metamorphic rocks, whose northern boundary was mapped

and noticed by Dr. Stoliczka1 ; these rocks form the north-western termination of

the great mass of metamorphic and semi-metamorphic rocks composing the Zans-

kar range, to which reference has so frequently been made in my previous papers,

and in relation to which some additional remarks will be made below. The semi-

metamorphic rocks of Suru consist of micaceous schists, with occasional bands of

1 " Memoirs Geological Survey of India," Vol. V, p. 341.
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a dark grey, imperfectly crystalline, gneiss, quite distinct from that of Kartsi,

and slightly altered slates and sandstones very frequently garnetiferous. These

rocks appear to underlie some of the unaltered silurians to the north-west of

Sura but, as will be seen below, to the southward correspond to the whole of

the silurians and, at all events, part of the carboniferous series. On the upper

portion of the Shang-Sha river 1 the carboniferous and trias are seen overlying

the semi-metamorphics, but, as I have not examined this section carefully, my

remarks on the relations of the component rocks are reserved for another analogous

section.

Bhot-Kol pass section.—Proceeding from Suru up the narrow ravine leading

to the Bhot-Kol pass (Lanwi-La), we find an ascending series of the Suru rocks,

among which there occur a few thin bands of white granitic gneiss. At the

point where the stream separates into its two component branches there occurs

a synclinal of trias dolomites reposing conformably on the semi-metamorphics,

but frequently exhibiting local inversion on one side or the other. The trias

here consists mainly of white dolomites and pale blue limestones, alternating with

bands of shale, weathering to a chesnut-brown colour. The calcareous rocks are

here and there altered to a completely crystalline marble as at Shigar. This

section shows also that as in Braldu, all the rocks below the trias have been

metamorphosed, and that consequently the carboniferous must be represented

among the upper part of the schist series : the reader will also not fail to notice

the general resemblance of the infra-trias sic rocks of Suru to those of Braldui

though the extent to which the metamorphic action has been carried is less in the

former district than in the latter. In Suru, moreover, there is no evidence of

any unconformity at the base of the carboniferous, there being apparently here, as

there is certainly in Wardwan, a regular ascending section from the lower silu

rians to the trias. Nearer the Bhot-Kol pass the metamorpbism of the infra-

triassic rocks becomes gradually less and less : traces of the quartz-veined car

boniferous limestone and accompanying shales are here and there to be detected

underlying the trias, which are represented approximately on the map. The

summit of the pass consists of trias limestone and dolomite, but on either side

there occurs a massive granitic gneiss, light coloured, micaceous, and without the

slightest trace of foliation or stratification : this gneiss is overlaid sometimes by

carboniferous, sometimes by triassic, and at other times by partly metamorphosed

silurian rocks, and is indistinguishable from the gneiss of Dras. On the western

side of the pass this gneiss is overlaid by trias limestones, with a low westerly dip.

Between the pass and Rangmarg, in the Wardwan valley, we find on the right bank

of the river another mass of the same granitic gneiss overlaid to the south and west

by dark slates and trias limestones and dolomites. These slates contain bands of

the greenish serpentinous rock of the Shigar carboniferous, and on this ground,

as well as from their serial position, must, in all probability, be referred to the

same horizon. On the eastern side of the gneiss a very thin band of probably

the same slates is found, which in the valley seem to dip towards the gneiss-

granite, but higher up in the hills to overlie it. There seems to be probably a

1 In a previously-published map, somo of the limestones and dolomites on the upper part of

this river, and on the Kashmir and Dras road, were erroneously referred to the carbouiferous.
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fault somewhere on this side of the gneiss, as is inferred from the unsymnietrical

succession of the rocks on the two sides of the gneissic axis.

Age of Bhot-Kol gneiss.—As before said, the Bhot-Kol gneiss is indistinguish

able from that of Dras, and also of Kartsi, and is consequently presumed to be

the same. If this identification should eventually prove to be correct, this rock will

probably be the central gneiss, or, at all events, of infra-silurian age. Its occur

rence here among the carboniferous and triassic rocks is a very remarkable fact ;

while from its mineralogical distinctness from the infra-triassic schists of Sum,

apart from its relations to the overlying rocks, there cannot, it appears to me,

be much question as to its not belonging to any portion of that series. The

only explanation of its present position, which presents itself to my mind, is

that portions of this gneiss must have existed as islands in the silurian and

carboniferous seas, and that the last survivor of such islands was not wholly

submerged and covered by later sedimentary deposits until the period of the

trias. The gneiss of Kartsi, on the same hypothesis, would seem to have con

stituted an island during the earlier silurian period, to have been subsequently

covered by later silurian deposits, and the junction of the rocks of the two periods

to have been obliterated by metamorphic action.

Trias of Wardwan.—The rocks of the upper part of the Wardwan valley-

consist of triassic limestones, dolomites, and shales, having a north-easterly dip.

These calcareous rocks are very frequently crowded with crinoid-stems, corals,

and comminuted shells. To the northward of the Wardwan river, in the

Wishni and Kaderan (Kodarun) tributary valleys, the triassic calcareous series is

overlaid by slates, apparently occupying a synclinal in the former, and continuous

with the similar rocks of Panjtarni and the Zoji-La, described in a previous paper.

The exact age of these slaty rocks has not yet been determined ; the present

section, however, confirms the view previously expressed that they overlie the

trias dolomites.

Carboniferous ami silurian of Wardwan.—The rocks to the southward of the

trias of Wardwan are well exhibited in that portion of the valley immediately

below the first great bend of the river, and it is this section which will now be

described. The limestones and dolomites of the trias above the bend in question

are underlaid by a thin band of black, carbonaceous, and highly calcareous

shales with crystals of pyrite and rusty spots which are probably the remnants

of decomposed fossils. This shaly band is in turn underlaid by a great mass of

green, and generally atnygdaloidal rocks, showing very faint or no traces of

stratification, and which I consider in great part to be of eruptive origin.1

Beneath the trappean rocks we come upon black shales, dark, shaly, and schisty

limestones, and pale quartzitic sandstones, with a low north-easterly dip. In

these rocks there occur great numbers of tthe species of Spirifer, Productus, and

Fenestella, characteristic of the carboniferous rocks of Kashmir, together with

crystals of pyrite : the brachiopods are more abundant in the calcareous rocks and

1 I prcf er to use the term ' eruptive ' in place of ' igneous,' as there is now so much contro

versy as to how much or little heat alone may have been the liquifying agent of many trap

pean rocks.
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the polyzoans in the argillaceous. 1 These carboniferous rocks are underlaid by a

great thickness of slates, sandstones, quartzites, conglomerates, and trappeans,

corresponding to the rocks of the Pfr-Panjal range, and mainly representing the

silurians. The latter rocks continue down the Wardwan valley to some dis

tance below Inshin, where they overlie the gneissic and micaceous rocks of the

Zanskar range, in regard to the age of which I shall have some remarks to make

in the sequel.2

Boundaries of trios and carboniferous.—The foregoing section (fig. 1 of accom

panying plate) is of considerable importance, in that it now enahles us to fix defin

itely the precise horizon of the carboniferous rocks among the great mass of cal

careous and bhaly strata lying to the north of the valley of Kashmir, in which car

boniferous fossils have not hitherto been found by myself. Again, the carbonifer

ous horizon being fixed, the lower limits of the trias can now be approximately

determined, a point which had previously been one of great uncertainty, both

here and in the valley of Kashmir. A large thickness of calcareous rocks, in

both districts, referred in previous papers to the carboniferous, must now be classed

in all probability with the trias. In the Wardwan section it would seem from the

similarity of mineralogical composition, and from a comparison of another section

described below, that the shaly rocks at the base of the dolomites and limestones

are the same as the fossiliferous carboniferous rocks to the south of the trappean

band, and that consequently the latter really forms an anticlinal axis below the car

boniferous, the original relations of the rocks having been disturbed by inversion,

as will be explained more fully when we come to the consideration of the Lidar

valley section. The carboniferous rocks on the north of the trappean band are

somewhat thinner than those to the south, their lower beds having probably

been mingled with and altered by the trap, into which they gradually pass. In

previous papers, it was considered that the carboniferous horizon, in the corre

sponding upper Lidar valley section, formed the lower half of the limestone and

dolomite series ; a shaly stratum occurring there also, on either side of the trap

zone is, however, undoubtedly the carboniferous.

Origin of paleozoic traps.—I have already, in a previous paper,3 given some

reasons for considering the amygdaloidal rocks of Kashmir as being of igneous

or eruptive origin, and in connection with this subject it has come to my notice

that in a recently published paper,4 Mr. Rutley, of the Geological Survey of

Great Britain, has described certain schistose amygdaloidal rocks from the

devonian of the Dartmoor neighbourhood. The author comes to the conclu

sion that some of these rocks are lavas, while others are volcanic ashes, and yet

others are mainly sedimentary in origin, though it is possible that even these

1 As already observed in an earlier paper (Supra, Vol. XIII, p. 58), these fossils were first

bronght to notice by Mr. Drew : the species observed were Spirifer moosalchaliemit, and Produciut

lemireticulatus.

3 I formerly thought that the lower Wardwan gneiss occurred among the slaty -rocks above

Inshin, from the presence in tho river bed of pebbles of the Bhot-Kol gneiss described above.

1 Supra, Vol. XI, pp. 35 and 36.

4 Quar. Jour. Geol. Soc, Lond., Vol. XXXVI, p. 285 : " On the schistose volcanic rocks on

the west of Dartmoor, etc."
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latter may be very highly altered lavas. Mr. Rutley adds that the strata in

question "are alternations of lava-flows, tuffs, and tufaceous sediments." It

appears to me that the amygdaloidal and other trappoid rocks of Kashmir are pre

cisely analogous to these English rocks, and on these grounds I shall henceforth

allude to them as traps. Even if the eruptive origin of these rocks be not

accepted, I feel I am still justified in applying such a term to them, as traps of

metamorphic origin are now recognised by geologists, although sometimes dis

tinguished by the prefix " meta." I am, however, very strongly of opinion that

the Kashmir traps are truly eruptive rocks, a view which is strengthened by their

mode of occurrence, as will be noticed in the sequel.

Sonamarg section.—In a previous paper1 a large mass of amygdaloidal and

doleritic traps, occurring in the Sind valley between the triassic series of

Sonamarg and the calcareous and shaly carboniferous of Gagangan, was des

cribed. It was then considered probable that these traps were faulted against

the carboniferous to the south : the Wardwan section, however, renders it proba

ble that the carboniferous really forms an inverted synclinal, and the traps an

anticlinal ; while on the north side of the traps there is probably a fault, as there

the trias is in immediate contact with the traps, though it is not improbable, as

has been suggested both by Dr. Stoliczka and myself, that some of the lowest

bhales and limestones between Sonamarg and Bfiitai may be carboniferous. These

Gagangan carboniferous is underlaid by sedimentary silurians, and the rela

tions of these to the similarly situated traps on the north of the carboniferous

will be alluded to in describing the Lidar valley section. To the north-west of

Sonamarg the traps gradually die out, and the section is in normal sequence :

to the south-east the traps form a band continuous with that of Wardwan.

Trias of Kashmir valley.—The more precise determinations of the geological

age of the strata in and adjoining the secondary basin to the northward of the

valley of Kashmir has rendered it necessary to re-consider the relations and age

of the great series of calcareous rocks occurring in Kashmir itself. Hitherto in

Colonel Godwin-Austen's* and Dr. Verchere's3 notices and in my own published

maps, with the exception of a small patch of dolomites at Manasbal, the whole of

the limestone series in the valley of Kashmir has been classed as carboniferous,

though a strong opinion has already been more than once expressed,* that a con

siderable portion of it was probably of triassic age. As the Wardwan section

has demonstrated that the carboniferous fossils occur only in the carbonaceous

and calcareous shales at the base of the great limestone and dolomite series,

while the Gurez section has shown that the latter from containing triassic fossils

thronghont must be referred to the trias ; and as parts of the Kashmir limestone

series are lithologically the same as the limestones and dolomites to the north

of the valley,—it is evident that the trias must be largely represented in Kash

mir, and that only the base of the limestone series can be considered as of car

boniferous age. On these considerations a careful re-examination of the lime-

» Supra, Vol. XI, p. 46.

» Q. J. G. S. L., Vol. XXII, p. 29.

* J. A. S. B., Vol. XXXV.

* Supra, VoIb. XI, p. 42 ; XIII, p. 56.
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stone series of the Kashmir valloy has been undertaken, which has resulted in

the discovery of an undoubted triassic fossil in one locality, and has also shown

that the undoubtedly carboniferous fossils occur only in the more or less shaly,

or cherty rocks at the base of the series. This determination has removed the

incongruity previously observed as to the difference in the mineralogical com

position of the carboniferous rocks in adjacent areas. In the sections given by

Colonel Godwin-Austen in the paper already quoted, the beds numbered 1 to 5

are certainly carboniferous, while the succeeding beds are at all events in great

part triassic. In those sections the exact composition of each bed is given, and

it will, therefore, be unnecessary in many instances to repeat them here.

I shall now proceed to examine separately the various masses of limestone

occurring in the Kashmir valley, commencing with the—

Limestones of Bandipur.—The limestone series of Bandipur occupies a tri

angular area on the left bank of the Bandipur stream, the rocks having a regular

and low dip to the north-east. The lower beds consist of cherty sandstones,

with blue limestones and occasional shaly bands ; while the higher beds consist

of thin-bedded, light-coloured, and frequently dolomitic, limestones like those of

Sonamarg, and some of the Gurcz limestones As these rocks dip towards the

blates and other silurian rocks lying to the northward, I presume that the junc

tion must be a faulted one. The lower beds of the limestone series, of which the

base is not exposed, contain numerous crinoids and corals, and not impossibly

correspond to the carboniferous ; in the absence of characteristic fossils, however,

this cannot be certainly determined : the higher beds are undoubtedly triassic.

Limestones awl traps of Mdnashal.—As already noticed in a previous paper, 1

the banded limestones of Manasbal, to the north-west of the mouth of the Sind

river, rest upon a dome-shaped mass of amygdaloidal trap, and have yielded to Mr.

Theobald a species of Orthoceras. The limestones are light-coloured and banded,

and much contorted ; they exactly resemble those of Bandipur : and among them,

at Kandarbal, there occurs a mass of white dolomite, worked for cement. The

Manasbal limestones have hitherto been classed mainly as carboniferous, but

they are lithologically the same as the trias in other parts of the valley, and must

be referred to that period. The limestones, as aforesaid, rest immediately upon

the traps, and no trace of the carbonaceous and fossiliferous shales of the carboni

ferous can be detected between the two. I can only explain this apparent anomaly

by the supposition that the whole of the carboniferous rocks have become altered

by, and included in, the trap. This view is confirmed by the fact, to be noticed

immediately, that in neighbouring parts of the valley the carboniferous is very

frequently reduced to an extremely narrow band, merging into the traps below.

Mr. Vigne's note on the Manasbal limestone.—Before leaving the subject, it may

not be out of place to mention that Mr. Vigne' records the occurrence of num-

mulites in the Manasbal (Manasa-bal) limestone. In the paragraph following

the one in which that statement occurs, the author appears to consider this lime

stone as the same as that of Shisha-Nag (Shesha Nag) in the upper Lidar

' Supra, Vol. XI, p. 49.

5 Zoc. cit, Vol. I., p. 276.
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Valley. It has occurred to me as a possible explanation that Mr. Vigne mistook

the joints of crinoid-stems occurring abundantly in the Manasbal limestones

for nummulites.1 In the memoir already referred to, Dr. Verchere comes to the

same conclusion.

Vihi Limestones, etc.—The great mass of limestones and associated rocks

occurring to the north of Pampur, in the district known as Vihi in the Kashmir

valley, was first noticed by Mr. Vigne,* subsequently by Colonel Godwin-Austen

and Dr. Verchere in the papers quoted, and their distribution was roughly laid

down in a map published by myself. They were classed both by Messrs. Austen

and Verchere, and myself as carboniferous. During the past season a closer

examination of these rocks has been undertaken, which has shown that they

occupy a larger area than had previously been supposed, and also that the great

bulk of them are probably of triassic age. On the north-western border of these

rocks, as laid down on the accompanying map, it will be found that to the north

west of the village of Khunmu (Khoonmoo), the following section of strata is

exhibited. This section has been described on pages 33 and 34 of the above

quoted paper of Colonel Godwin.Austen's, and drawn in figures 7 and 8 of tho

same. Colonel Godwin-Austen observes, " Above the village of Khoonmoo there

is a very interesting section, as a great thickness of the carboniferous series is

exhibited." The trappean rocks (called hornblende slates by Colonel Godwin-

Austen) form the base of the series, and are overlaid by the following series of

rocks, somewhat modified from Colonel Godwin-Austen's table, and numbered

from below upwards :—

Feet.

fl. Quartzite ... ... ... ... ... 12

I 2. Sandy, calcareous, and shaly beds, with it few shells ... 10

13. Hard limestone with Orthocerat ... ... ... 10

CaBBOKiMBOTJfl...^4 Limestone with Produclus and Spirifer 3

/ 5. Grey limestone ... ... ... ... 6

\6. Bed with shells and AthyrU ... ... ... 2

TiUaS ... 7. Limestones ... ... ... ... ... 2,400 (?)

The species of fossils mentioned by Colonel Austen are Productas scabricuhis

Spirifer kashmiriensis and S. vihiana, and Athyris suhtilita ; in addition to which

I obtained P. humbolti, and species of Fenestella. These fossils were all obtained

from the beds marked 1 to 6 in the section, and indicate the carboniferous age of

these rocks. In the narrow ravine in which these rocks occur,3 1 also found a

much battered, but still unmistakeable, specimen of the large species of triassic

Megalodon noticed above, which had evidently fallen down from somo of the

great mass of limestones ranked under No. 7 in the section, and which clearly

proves the triassic age of some of those rocks. The same age for those rocks

■ In reference to a note given in my Inst published paper on Himalayan Geology (Supra,

Vol. XIII, p. 48), regarding the asserted discovery by the Into Dr. Thomson of nummulites in

Zanskiir, the above given explanation has suggested that possibly a similar one may be applied also

in that case.

1 Loe. eit, Vol. I, page 276.

3 As noticed by Colonel Godwin-Austen the entrance of this lavine is marked by a Urge

Chuuar tree (Platanus orientalit).

• 43 feet.
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would also be inferred from the identity of their composition and structure with

the already described undoubted trias in other parts of Kashmir and its neigh

bourhood.

The carboniferous rocks, as already observed, are underlaid by amygdaloidal and

other traps, showing very slight or no traces of stratification. These traps corre

spond to those of Srinagar, and pass up imperceptibly into the carboniferous.

To the north-west they are underlaid by slaty and silicious rocks. The zone

which can here be certainly identified as carboniferous, will be seen to be of very

small thickness (43 feet),1 and it is most probable that some of the underlying

traps in reality belong to the same period. Since, however, similar traps occur

at various stages throughout the underlying silurian (or older palaeozoic) series,

the whole of the rocks are referred to that series, with which they form one

continuous geological formation. The carboniferous rocks may be traced to the

northward into the Ara (Ari-ah) valley, where they bend round to take a south

easterly direction below Mahadeo station. In this district I have not succeeded

in discovering fossils, and the boundaries are consequently approximate. The

whole series is here inverted, the trias underlying the carboniferous and silu

rian : the latter here consists mainly of slaty and silicious rocks, the traps being

very slightly developed. The eastern boundary of this basin of carboniferous

and triassic rocks occupies the western bide of the upper Tral (Traal) valley,

thence cutting across into the lower Pampur valley on the northern side of Was-

tarwan peak. Along this line the characteristic fossils are to be found in great

abundance, especially on the high ridge to the north-east of Prongam, and also

to the south-east of Mandakpal. These carboniferous rocks generally consist of

black and brown carbonaceous and calcareous shales, cherts, and blue limestones,

in varying proportions. Near Mandakpal the cherty rocks often pass into a

compact blue or white highly silicious rock, some varieties of which very closely

resemble flint or chalcedony. As we pass from north to south along the carbon

iferous zone, we find that the underlying silurians change considerably in

character, becoming gradually more trappean until, in the neighbourhood of

Wastarwan peak these rocks consist almost or quite entirely of traps, which

form the whole of that hill. The bearing of this extremely sudden thin-

ning out of the traps on their eruptive origin will be referred to subse

quently. The carboniferous rocks may be traced round the north-west side

of Wastarwan hill, and are here and there overlaid by trias. At the

village of Tangar, to the north-west of Avantipur,* we find an outlier of the

carboniferous shales and limestones, containing numerous forms of Productut

and Fenestella, occupying a spur projecting out from the underlying trap. The

connection between the sedimentary carboniferous and the traps is here extremely

intimate ; and, as previously noticed,3 fossils are found in juxta-position with the

traps. On splitting open the rock, it will sometimes be found that a fossiliferous

1 In otter sections in the neighbourhood, as given by Colonel Austen, the thickness is greater,

ranging up to 300 feet.

• This village is situated close to the outlier of carboniferous on the south-west side of

Wastarwan.

3 Supra, Vol. XIII, p. 50.
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layer divides, so aa to leave one portion adhering to the underlying trap, and

the other to the overlying shale. This intimate connection of the two rocks

will easily explain how, on the theory of the eruptive origin of the trap, nearly

the whole of the carboniferous shales may have been covered by successive out

flows, and, as at Manasbal, altered out of all possibility of recognition.

Colonel Godwin-Austen's notices.—In addition to the sections already quoted,

Colonel Godwin-Austen has described others along the easterly border of the

Vihi limestones, one of which requires a moment's notice. This is a section

near the village of Ludu (Loodoo), closejto Mandakpal, beneath Wastarwan peak.

The section, as given by Colonel Godwin-Austen, is as follows, the bed No. 1

resting on the trap :—

Ft

1. Dark splintery slate and quartz-rock, with badly-defined lamination 20

2. Light olive-green splintery rock ... ... ... 2

3. Beautiful white or light grey quartz like flint ... ... 1

4. Blue limestone with beds which weather light-green. This bed is

full of brachiopods, while the lower may be said to be made up of

Fenettella ... ... ... ... ... 30

6. Dark-blue shales, surmounted by a great mnss of hard, compact,

limestone, weathering to a red tint, and containing Goniatiiet. t

In the above section, the beds up to and including the shales marked No. 5

clearly belong to the carboniferous, while the overlying limestones are mainly the

trias. In these beds there are said to occur Goniatites, a genus which died out in

the trias. I cannot discover that these fossils have ever been described, or that

any specimens of them have been preserved.

Limestone of Biru.—On the southern side of the valley, to the south-west

of Srinagar, I have for the first time noticed two small outcrops of limestone,

which appear beneath the overlying Karewa (post-tertiary) deposits. One of these

outcrops occurs near the town of Biru (Biroo or Birwa), and has a low south

westerly dip, and the other a short distance to the north-west. This limestone

is similar to that of Bandipur and Manasbal, and its occurrence on this side of

the valley is important in confirming the idea which has been previously

expressed that the valley of Kashmir really consists of a synclinal basin of carbo

niferous and triassic rocks, whose original relations have in many cases been

somewhat disturbed by faulting.

Lidar valley section.—In a previously published paper,1 a short notice was

given of the occurrence of carboniferous rocks in the lower Lidar valley (at

the south-east end of Kashmir) at Palgam and Eishmakdm, at the latter

of which places fossils were found abundantly. A re-examination of this

section, with the aid of the light thrown upon it by the rocks of other loca

lities, has resulted in the determination of triassic rocks in this valley, and

also in a clearer understanding of the relatiens of the constituent rocks.

A diagramatic section of the rocks occurring between Palgam and Islamabad

is given in fig. 2 of the accompanying plate, in order to exhibit the complicated

foldings which they have undergone, and the amount of denudation which

• Supra, Vol. XI, p. 43.
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has taken place. Tim whole of the rocks in this section, with the exception

of the lacustrine deposits above Islamabad, have a northerly dip, and they may be

shortly described as follows. At Palgam we have thin-bedded triassic limestones

and dolomites, underlaid by a thin layer of carboniferous rocks with their char

acteristic fossils : these rocks pass gradually down into a great mass of amygda-

loidal and other traps, which in their higher beds show some stratification, but

which are extremely massive lower down.1 These traps continue to some distance

below the village of Bhatkot, and contain occasional bands of quartzitic and

slaty rocks. Between Bhatkot and Srelgam, these traps are underlaid by the car

boniferous rocks, full of characteristic fossils' ; these rocks are again underlaid

by slates and light-coloured quartzites ; beyond these we have again carboniferous

rocks, and then the slates and sandstones. Near Eishmakam we meet with a

lhird band of carboniferous rocks, nnderlaid by limestones, dolomites, and some

green and purple shaly slates, some of which are evidently the representatives of

the trias, and then again by carboniferous rocks with fossils. The carbonife

rous aro underlaid by quartzites and slates, which continue nearly to the village

of Sir (Seer), where they are underlaid by amygdaloidal traps. The latter are

again underlaid by a great series of limestones and dolomites, which continue

down to the Martand karewa, where they are covered by a lacustrine deposit,

subsequently re-appearing with the same inclination at Islamabad. The composi-

• tion of these latter rocks shows them to be at all events mainly the trias (though

hitherto referred to the carboniferous), and a perusal of the section will show that

the carboniferous must occur between these rocks and the quartzites, though,

from the amount of alluvium and herbage present, I was unable to discover

fossils.

Explanation of Lidar valley section.—The occurrence of several distinct out

crops of carboniferous rocks overlying one another in what is apparently a

normal sequence of rocks, clearly proves that the rocks of this section have

originally been thrown into a series of folds of varying latitude, which have been

mainly inverted from the north towards the south, and subsequently enormously

denuded. The original relations of the strata I have attempted to reproduce in

the figured section already referred to. The extremely close analogy between

this section and the section previously described in the Wardwan valley, renders it

certain that a similar explanation must be applied also to the latter. Other points

of considerable importance still remain in connection with this section, which demand

some attention. It will at once strike the reader that the carboniferous rocks of

neighbouring localities are underlaid by rocks of completely distinct composition ;

or, in other words, at one point by traps, and at another by slates and quartzites.

This local difference in the character of the infra-carboniferous rocks has already

been referred to in describing other sections, but is nowhere more strikingly

displayed than in the present instance. The explanation appears to me to be

probably as follows : Assuming an eruptive origin for the traps of Kashmir!, it

v
• In the pnper lust quoted, it is stated that the infra-carboniferous rocks were slaty ; tbe.Y

arc, however, as stated here. i

2 These rocks, at this spot, have yielded several new fossils— among others a trilohite (PhilX

lipsia)—which are noticed in the Appendix. I



paut 1.] Lypekkeu—Geology of Dardistan, Baltistan, &c. 20

would appear that during the silurian period very considerable outflows of sub

marine trap were emitted, which were naturally of limited extent ; that these out

flows probably took place in several localities and at several distinct intervals of

time.1 During the whole period of these eruptions continuous deposition of

stratified material was taking place ; the strata resulting from which became

intimately mixed up and amalgamated with the trap, so that it is now extreme

ly difficult, or impossible, to distinguish the different factors of the strata. In

certain localities, as at Manasbal, the outflows of trap must have continued to

take place during a part, or the whole, of the carboniferous period, and have ren

dered the rocks of that period also difficult of recognition. This explanation is

the only probable one presenting itself of the Lidar valley section, as it seems in

the highest degree improbable that the difference of mineralogical composition of

the silurian strata on the two sides of the first band of carboniferous rocks below

Palgam could have been produced by metamorphic action, as such action must

have affected the adjacent rocks. On the hypothesis of the traps being of igneous

origin, their local distribution is what would have been expected to occur.

Limits of lower Lidar carboniferous.—To the eastward and westward of

Eishmakam the carboniferous and newer rocks gradually die out ; the closely fold

ed strata opening out in either direction into distinct anticlinals and synclinals.

Bearing on Pir-Panjal section.'—The now firmly established occurrence of la

terally folded and inverted strata in the lower Lidar valley, is strongly confirma

tory of the view expressed in an earlier volume of this publication,* that the

rocks of the Pir-Panjal range, on the opposite side of the valley of Kashmir,

have likewise been inverted and folded in a very similar manner, as it is highly

probablo that the same lateral thrust which folded the Lidar valley rocks would

have acted in the same manner on those of the Pir-Panjal rocks.

Identity of the Eishmalcdm rocks with the Kiol limestone of the outer Mils.—The

limestones and associated green and purple slaty shales of Eishmakam, belonging

partly to the carboniferous and partly to the trias, are absolutely indistinguish

able from the higher part (on the hypothesis of inversion) of the so-called Kiol

series of the outer hills of the Himalaya, as exhibited in the gorge of the Jhelam

at Uri (Ooree3). These rocks have hitherto been referred provisionally either

to the carboniferous or the trias, and it now appears to me to be almost certain

that they contain representatives of both periods.

Limestones of the south-eastern end of the valley of Kashmir.—The limestones

and associated rocks at the south-easterly end of the valley of Kashmir have

already been referred to by myself as of carboniferous age, since I obtained from

them a considerable series of fossils characteristic of that period. These fossils,

however, occur solely in shaly, cherty, and calcareous beds at the base of the

great limestone series, chiefly on two lines running from north-west to south

east through Shahabad, and from Sagam to a point south-east of the Marbal

' Tbis explanation is merely a fuller form of the one which is given on page 35 of Vol. XI

of this publication.

1 Supra, Vol. IX, p. 161.

» T'ide Supra, Vol. IX, p. 158.
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pass. Hitherto the whole of the limestones overlying these fossiliferous rocks have

been classed with the carboniferous, but from their identity in composition with

the triassic rocks already described, some of them must' now be referred to the

latter period. These carboniferous and triassic rocks probably form a synclinal

ellipse. On their southern boundary it seems probable that their original relations

have been disturbed by faulting, and that the trias is in immediate contact with

the silurian. The northern boundary is apparently a normal, though frequently

an inverted one, and the carboniferous must consequently occur between the trias

and the silurians, though I have not yet succeeded in discovering carboniferous

fossils on this line. The two lines of carboniferous rocks at Sagam and Shaha-

bad are anticlinal axes.

Limestones of north-western end of Kashmir valley.—During the past season I

have had no opportunity of revisiting the limestones of Trigama (Trigumma) at

the north-westerly end of the Kashmir valley, described in an earlier paper1 aa

carboniferous. It is not improbable that triassic rocks occur also in this region,

but any decisive statement must be deferred until I have had an opportunity of

revisiting the spot.

Comparison with Dr. Verchere's sections.—In his memoir on the " Geology of

Kashmir, etc.,8 " the late Dr. Verchere described at some length the limestone

series of Kashmir. He divided these rocks into three groups, which he termed

the Ziawan (Zeeawan) beds, the Wian (Weean) beds, and the Kothair beds ; and

provisionally classed the whole of them as carboniferous, though he expressed

some doubts whether the latter might not be of triassic age.3 The Zfawan

beds correspond with those which have been classed by myself as carboni

ferous, and alone contain the very characteristic carboniferous genera, such as

Productus, Orthis, Spirifer, Fenestelli, Phillipsia, etc. The Wian beds do not con

tain any of the above genera, and I have not succeeded in finding many fossils in

them myself. Dr. Verchere, however, states4 that they contain the genera Spi-

riferina, Soleitopsis, Cardinia or Anthracosia, Axinus, Aviculopecten, and Gonia-

tites ; and it is probably from these beds that my Megalodon was derived. Of

these genera there have been obtained Spiriferina, Solenopsis, and Aviculopecten in

the undoubted carboniferous beds (Zfawan beds), but there are no others common

to the two, and such of the species as have been determined are distinct.* Of these

genera, Anthracosia may be left alone, as it is quite likely to be Cardinia : SoU-

nopsis in Europe is not found above the carboniferous, but this genus is evidently

the ancestor of Solen, and, therefore, would be expected to have lived to a later

period : Aviculopecten is not known above the permian ; Spiriferina, Axinus and

Goniatites range into the trias, or higher : and Megalodon is unknown before the

latter period. The Spiriferina Dr. Verchere' distinguishes at once from S. octo-

1 Supra, Vol. XI, p. 49.

» J. A. S. B, Vol. XXXV, pt. II.

a Loc. cit., p. 191.

• Ibid., p. 169.

4 The Aviculopecten is said to be the name "as A. dissimilit of the European carboni

ferous. But from the difficulty of determining imperfect fossils of this group, the identification

is doubtful.

* Loc. cit.
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plicata of the Ziawan beds, and identifies provisionally with S. straeheyi of Salter*

which occurs in the upper trias (Lilang) of Spiti. 1 It thus appears, assuming

the correctness of Dr. Verchere's identifications, that the Wian beds contain a

fauna presenting both carboniferous and triassic elements, with at least one

fossil characteristic of the upper part of the latter formation. On these grounds,

and from the distinctness of the fauna from that of the true carboniferous, I am

inclined to think that the Wian beds may be the representatives of the lower trias,

or possibly also of the permian, and they have accordingly been provisionally

classed .with the trias, "with which they form a continuous series. Dr. Verchere,

who classed these beds with the carboniferous, appears to have had considerable

doubts of the correctness of his view." From their mineralogical composition

the Wian beds are almost certainly the same as the lower part of the series

classed as trias in the neighbourhood of the Kashmir valley, which at Sonamarg

has yielded Ammonites gerardi—an upper triassic form in Spiti. The few fossils

known from these rocks show how extremely intimate is the palseontological con

nection of the whole series, and how a complete unison is indicated between the

palaeo—and mesozoics. According to Dr. Verchere, part of the Manasbal limestone,

and the lower part of that in the neighbourhood of Islamabad, belongs to the

Wian group. The Kothair beds, which are undoubtedly triassic (if not in part

newer), contain, according to Dr. Verchere, numerous gasteropods, generally in a

fragmentary condition ; these were conjectured to belong to the following genera,

viz., Naticopsis, Macrochilus, Chemnitzia, Loxonema, and Nerincea. These beds

probably contain the representatives of the Para limestone of Spiti ; it remains to

be seen whether the Lilang group is also represented in them, or whether, as in

Spiti, this group immediately overlies the carboniferous, in which case it would be

represented by the Wian beds. It may be added that the undoubted carboni

ferous of Kashmir contains similar fossils to the carboniferous (Kuling) of

Spiti, referred by Dr. Stoliczka to the upper part of that period, and it is there

fore almost certain that the strata immediately succeeding these rocks must be

either permian or trias.

III.—General Remarks.

General Bemarlcs.—In the present section of this paper, I propose to notice

certain points in the geology of the Kashmir and neighbouring Himalaya which

could not very conveniently be included in the preceding sections. I may, firstly

observe that, with the exception of the area to the north-west of the valley of

Kashmir, the greater part of the territories of Kashmir have now been prelimi-

nArily examined geologically, and that although a vast amount of even prelimi

nary (to say nothing of detailed) work remains to be accomplished, yet that we

are now in a position to be able to form a fair general idea of the distribution of

the different component rocks, and in most cases to arrive at a tolerably close

approximation to their geological age. The district of Badrawar, lying to the

south-east of Kashmir, is not, indeed, yet coloured in on our maps, but from a

traverse made of it by the late Dr. Stoliczka, and from several notes occurring

i M. G. 8. 1., Vol. V, p. 38.

■ Loc. cit., p. 170.
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in Mr. P. Drew's above-quoted work, it seems that the roeks of this district are

mainly sub-metamorphic and metomorphic, and doubtless represent the silurian and

possibly older rocks. Badrawar seems, therefore, to be a district where fnrther

geological investigation would not be likely to add much to our store of knowledge.

Again, portions of the Pfr-Panjal range remain uccoloured, but it is quite certain

that these areas consist mainly, if not entirely, of silurian and gneissic rocks, and it

is only their exact distribution which remains to be determined. I now propose,

to make a few remarks on the different formations of various areas in regard to

which the past season's work, or information acquired since my last paper was

published, has supplied additional materials for a more correct determination of

geological age and topographical distribution. In the course of these remarks

I shall have occasion to make use of some valuable information kindly commu

nicated to me by Lieutenant-Colonel Godwin-Austen, whose knowledge of a

great portion of the western Himalaya is, perhaps, greater than that of any

person, living or dead. My remarks will be mainly arranged according to the

geological age of the rocks treated of.

Nummulitics of Indus valley.—In my last paper on Himalayan geology, the

nummulitics of the upper Indus valley were described at some length,1 and a

note appended 3 to the effect that a specimen of the genus Hippurites was said

to have been observed at Khalehi (Kulsi Kalatys, Kalatse, or Kalatzi) by

Lieutenant-Colonel Godwin-Austen. At the time of writing that noto it did not

occur to me that the hippurite could have been obtained from the nummulitic

series, and I therefore doubted its authenticity, as its locality did not seem well

established, and I could not detect any cretaceous rocks (Chikkim limestone) at

Khalehi, distinct from the nummulitics. I have subsequently received a letter

from Colonel Godwin-Austen, in which I am informed that the fossil considered

to be a hippurite really came from tho limestone of Khalehi, and that from the

same beds the writer also obtained a curved cephalopodous shell which ho thinks

may be a species of Hamites. In the section of the Indus valley rocks given in

the above quoted passage of my paper, tho Khalehi limestone is shown to occur

about the middle of the section, and to contain fossils which were considered to

be probably nummulites ; while more to the eastward apparently the same limestone

contains undoubted nummulites. During my last trip I also obtained a species

of Turbo from the Khalehi limestone. If Colonel Austen's fossils are rightly

determined, and I see no reason to doubt the determination, and if there be no

unconformity, of which there appears to me to be no trace, we have the very

remarkable fact of the association of cretaceous and nummulitic fossils in the

Khalehi limestone, and there consequently arises tho question as to whether the

Indus valley beds are rightly referred to the eocene. It may be observed that

the cretaceous rocks of the Zanskar and Spiti basins, known as the Chikkim

limestone, consisting of buff limestones, are totally unlike any of the rocks of the

Khalehi section, and contain only typical cretaceous fossils, and that no traces

of the Indus valley beds are found overlying them. It would, therefore, appear

1 Supra. Vol. XIII, p. 35.

» Ibid., p. 37.
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that the Indus valley beds are totally distinct from the true cretaceous, and that

we must consequently regard the presumed admixture of cretaceous and eocene

fossils in them as indicative of the survival of some members of the cretaceous

fauna into the eocene period. In other parts of India, as in Sind and the Khasi

hills, the cretaceous series seems to pass imperceptibly into the eocene, and these

Indus valley fossils seem to show that there would be probably in this district

also no hard and fast line of demarcation between the two formations, if there

existed a continuous section of strata. From what has been already said,

however, in relation to the cretaceous of Zanskar and Spiti, it is probable that

there has been in those regions a break in deposition between the true cretaceous

and the eocene. From the presence of nummulites and other eocene fossils in

the Indus valley beds, I think they must undoubtedly continue to be ranked

with the eocene. I infer from Mr. Greisbach's paper on the geology of the more

easterly Himalaya 1 that in that region also there is a break between the creta

ceous and eocene, though the sentence is not very clear.

Alleged eocene in Ohdng-Chenmo valley.—On page 34 of my paper already

quoted, allusion is made to certain rocks in the Chang-Chenmo valley which

greatly resemble the Ladak eocenes, and which Dr. Stoliczka thought might

possibly be the same. I myself, from what I observed of the relations of these

rocks to the trias, was very strongly inclined to doubt their tertiary age. Since,

however, I have come to the conclusion that some of the Dras rocks, which are so

intimately mixed up with the palaeozoic, are probably tertiary ; and since some notes

communicated to me by Colonel Godwin-Austen on the Chang-Chenmo rocks are

strongly in favour of the presence there of representatives of the eocene, I think

that my first opinion may be erroneous. Colonel Austen mentions that these rocks

are well seen under Kiepsang station, to the north of the Chang-Chenmo valley,

and that in the head of one of the large tributary streams east of that point they

may be observed resting on the palaeozoic slates. On the above grounds some

patches of tertiary have been provisionally introduced into the map near the

above-mentioned locality ; the exact distribution and conformation of the age of

these beds must, however, be reserved for a future occasion.

Jura-tiias of Zanskar and Ladak basin.—On page 51 of my last quoted paper,

there is a note given referring to certain fossils said to have been obtained near

Lacholung-La in Sum, but which I thought not improbably came from the

Lachi-Long-La in Rupsu. Colonel Godwin-Austen, the discoverer of the fossils

in question, has informed me that my conjecture is correct, and that consequently

in the passage of the " Quarterly Journal of the Geological Society* " where the

fossils are noticed, the word Rupsu should be substituted for Suru. The said

fossils were stated by Mr. Davidson to be either of cretaceous or jurassic

age, but from the occurrence of triassic rocks in the immediate neigh

bourhood of the spot where they were obtained, there can be little doubt but

that they are of lower jurassic age (lower Tagling limestone, = ? lower lias) :

this is confirmed by the fossils having been obtained from a light gray limestone,

whereas the cretaceous (Chikkim) limestone is buff or white. It may, there-

■ Supra, Vol. XIII, p. 91.

» Vol. XXII, p. 38.
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fore, be taken as a fact that lower jurassic strata occur in the neighbourhood of

the Lachi-Long-La. As I was quite unable to distinguish these strata from the

subjacent trias, with which they form one geological series, it is pretty evident

that jurassic strata, as I have previously suggested, must form a considerable

part of the Zanskar and Ladak basin. It will be a work of extreme difficulty,

even if it be always practicable, to define the limits of these different strata in

this mountainous and inhospitable district. In the meantime I prefer provision

ally to continue to term the rocks of this basin jura-trias, using the term not

in the sense that jurassic and tiiassic fossils are found intermingled in the same

beds, which is not the case, but as indicating that the rocks in question forni

one homogeneous geological and petrological series, distinguished by the uni

versal presence of dolomites and limestones. In the general absence of fossils in

many parts of this series, it seems at present very difficult to divide it into its

different pateontological factors.1 This suggests that there may be jurassic rocks

among the Kashmir limestone series, but I am at present quite unable to say

whether this be so or not.

Conformity of trias and carboniferous in Kashmir.—As will have been gathered

by the reader of the present and preceding papers of the same series, it is

apparent that in Kashmir and the immediately neighbouring districts, thetriassic

series is conformable to the underlying carboniferous,3 the rocks of the two

periods passing into one another by imperceptible degrees. This relation opens

up a very important question as to tlie exact age of the rocks overlying the un

doubted carboniferous ; that is, to what portion of the triassic or neighbouring

periods they belong. In regard to this question it will be necessary to refer to

1 The sense in which the term jura-trias is here used corresponds with the acceptation which

it has received in America. Thus, Professor Le Conte says : (" Elements of Geology," p. 439,

New York, 1879), " we have already explained that these two periods (jura and trias) are not

well separated in America, This is partly on account of the poverty of fossils, and partly on

account of the continuity of conditions throughout. It seems best, therefore, in the present state

of knowledge, to treat them together as one period." Similarly, in peninsular India, the great

series of rocks collectively known as the goudwana system comprehends a succession of strata

which, from their unity of physical conditions, are rightly classed as one immense formation, though

they comprehend rocks corresponding to those of more than one geological epoch,—mainly to the

trias and jura. In other cases, however, the conjoint names of two geological formations applied

to one rock-series may indicate not only that such rock-series is the equivalent in time of, at all

events, part of the two formations named, hut also that there is a mingling of the fossils of both

formations in the same strata. In this double sense I have elsewhere (Journ. As. Soc, Bengal,

Vol. XL1X, Pt. 11, p. 23) used the term mio-pliocene for the siwaliks. The use of an analogous

term might at first sight he justified in the case of the mingling of eocene and cretaceons fossils

noticed above ; in that instance, however, there is no evidence to show that any portion of the

strata in question corresponds in time to the cretaceous epoch, the mingling of fossils being

probably due to the survival of the organism of one epoch into the succeeding one.

* The fossils collected by Colonel Austen from the carboniferous of Kashmir were determined

by Mr. Davidson (Quar. Journ. Geol. Soc, Loudon, Vol. XXII, p. 39), by whom no doubt was

entertained as to the age of the strata from which they were obtained. The fossils described on

pp. 35, 36 of the same volume, as from Shigar, were also obtained from the Kashmir carboniferous.

The discovery of a trilobite in the Kashmir rocks strongly confirms their carboniferous age, as

the order died out before the close of that period.
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bome observations which have lately been published in relation to the contem

poraneous rocks of the more easterly Himalaya.

Trias and carboniferous of Hundes.—In the district of Hundes, to the north

of the Niti pass, Mr. Griesbach has examined a complete series of the trias, con

taining fossils throughout. This series of rocks Mr. Griesbach has described in

a recent number of the " Records," 1 and has shown that it ranges from the rhaetic

to the lower trias. Mr. Griesbach further states3 that the lower trias is un

conformable to the carboniferous. This latter fact shows that there is a great

difference in the relations of the two series of rocks in the western and eastern

Himalaya, and it now remains to briefly compare the two series.

Comparison of Kdihmtr3 and Hiindes trias.—In the absence of a characteristic

series of fossils in the trias of Kashmir, it is difficult to institute an exact

comparison of horizons with the highly fossiliferous trias of Hundes. If,

however, the sections given by Mr. Griesbach, in the paper already quoted, be

compared with the descriptions given above, it will be pretty evident that the

whole of the rocks classed by him as trias and rhaetic correspond to the rocks

classed by myself as trias. Consequently the presumption is, that when we

have a continuous section from the carboniferous to the rhaetic, the whole of the

trias is present. Here, however, a difficulty presents itself, since, according to

Dr. Stoliczka,4 in the Spiti district, the upper trias overlies the carboniferous

with local unconformity, but, as I gather from Dr. Stoliczka's notes, generally

conformably. In Kashmir, as I have said, I cannot discover characteristic

fossils in the trias immediately above the carboniferous. In other places, as at

Shargol, in Ladak,5 and at Gurez, a large species of Megalodon is of common

occurrence. At Shargol, as stated in the passage quoted above, this fossil was not

found in situ, but at Gurez it was observed that the horizon in which it occurs

is situated at a great distance above the carboniferous. With regard to the

horizon of this Meijnlodon, it has been stated in the passage quoted that the

species appears to agree with one from the keuper of Europe, although a species

is described by Dr. Stoliczka and Mr. Griesbach from the rhsetic. From the

position of the Shargol limestone in relation to the underlying presumably

carboniferous rocks, and to other overlying rocks which appear to correspond

to the rhaetic of Mr. Griesbach, it seems that the Megalodoii horizon is probably

of upper triassic age (keuper). If this be so, there would be abundant space

in the lower part of the Shargol and Gurez limestones for the lower trias,

which, according to the section given by Mr. Griesbach, is of no great thickness.

As I have not myself visited Spiti I cannot say whether or no there is space

enough there for the lower trias between the fossiliferous beds and the carboni

ferous, but if the series be conformable, the presumption is that representatives

of the lower trias must occur there also.

■ Vol. XIII, p. 94 et teq.

» Ibid., p. 86.

* Here and in succeeding paragraphs I use the term Kashmir in a wide sense, as including

the neighbouring districts belonging to the same kingdom.

' Mem. Oeol. Surv. India, Vol. V, p. 24.

4 Supra, Voi. XIII, p. 44.
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Absence of permian, and age of Kuling shales.—Dr. Stoliczka was unable to

determine any representatives of the permian in the fossiliferous rocks of Spiti,

and therefore this formation is omitted here, as we cannot point to any rocks

which can correspond to it, though we have hinted at the possibility of some of

the Kashmir rocks corresponding to this period. Mr. Griesbach1 has attempted

to account for the absence of the permian in the Himalaya by assuming that the

break which he finds between the lower trias and the carboniferous in Hundes

is of universal occurrence throughout the Himalaya ; and upon this supposition he

proceeds to institute a comparison between the Himalayan and Alpine rocks

which, from what has already been said, must manifestly be of only local appli

cation. Mr. Griesbach indeed has omitted to notice previously published observ

ations relating to the conformity of the carboniferous and trias in the Kashmir

district, and apparently, in order to bring the rocks of neighbouring districts

into harmony with his own section, has come to the conclusion' that certain

carbonaceous shales forming the upper portion of the so-called Kuling series

of Spiti, referred by Dr. Stoliczka to the carboniferous,1 really belong to the

lower trias. As the proposed change has a direct bearing on the question

of the age of some of the rock-groups treated of in this and the preceding papers

of the same series, it is incumbent on me either to admit, with all its conse

quences, this proposed change or to show reasons why it should not be accepted.

Mr. Griesbach's main reasons for assigning the shales in question to the lower

trias, appear to be that they are very similar in mineralogical composition to

certain beds in Hundes, which he has referred to that period, and also that they

contain fossils which are said to be probably the same as some of those found in

the latter beds.' The statement in regard to the fossils is founded on a comparison

made by Mr. Griesbach between his own specimens from Hundes and those

collected by Dr. Stoliczka in the Kuling shales Unfortunately these fossils are

neither generically nor specifically referred to, and accordingly, though it would

appear from Mr. Griesbach's inferences that they present resemblances to the

fossils of beds which he calls lower trias, we cannot discuss the bearing of their

evidence on the case. Certain fossils have, however, been specifically determined by

Dr. Stoliczka from the Kuling shales, and as some of them are widely distributed,

we may consider their bearing on the question. Among these fossils there

commonly occurs Productus semireticulatus, which has hitherto been considered,

both in Europe, Australia, and India, as exclusively characteristic of the carboni

ferous.8

This fossil apparently does not occur in that portion of the Hundes series

referred to the lower trias, but is of extremely common occurrence in the so-

• Loc. cit., pp. 86, 93, 103.

• Ibid., p. 104.

• " Mem. Geol. Surv., India," Vol. V, p. 24.

• Some of the comments upon Dr. Stoliczka's reason for the determination of the age of the

Kuling shales made by Mr. Griesbach, appear somewhat peculiar. Dr. Stoliczka is said to have

arrived at his conclusions mainly fi om the absence of known triassic fossils, whereas it would appeal-

to most observers that his conclusions were founded on the presence of known carboniferous fossils.

s Koninck : " Monographic du genre Productus," p. 88. Stoliczka : " Mem. Geol. Surv.

India," Vol. V, pp. 135. 342, 350.
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called Zi'awan beds of Kashmir. A comparison of two specimens, the one

collected by myself from the latter beds, and the other by Dr. Stoliczka from the

Knling shales, shows that the appearance and mineralogical condition of the

specimens from the two areas is so similar, that if mixed together, it would be im

possible to assign them to their respective localities. This fact alone affords a

very strong presumption of the honiotaxial "equivalency of the beds, especially

when it is supported by the fact that the fossil in question is only found in one

period in Europe ; this presumption is, however, almost, if not entirely, converted

into a certainty by the following points. In the Kashmir section, the fossil in

question occurs solely in the Ziawan beds, and is conspicuous by its absence in

the immediately overlying Wfan beds, from which a considerable number of fossils

have been obtained, and which we have provisionally referred to the trias.

If the Kuling shales are newer than the Ziawan beds, Productus semireticulatus

ought to range up into the Wi'an beds of Kashmir, which we have seen is not

the case, as it is in the highest degree improbable that in two nearly adjacent

areas a fossil should havo a completely different vertical distribution.

Precisely the same conclusions must be arrived at from the occurrence of

two other fossils,—Spirifer raja and S. moosakhaliensis,—which, according to

Dr. Stoliczka, 1 occur both in the Kuling shales and in the Kashmir rocks. It may

accordingly be taken as practically certain that the Kuling shales of Spiti, to

gether with the accompanying rocks of the same series, are the equivalents of the

Ziawan beds of Kashmir. Consequently if the former are referred to the lower

trias, the latter must be also. Now, the Ziawan beds contain so many genera and

species exclusively characteristic of the carboniferous both of Europe and

Australia,2 that all must be referred to one and the same period. On these

grounds, it appears to me that Dr. Stoliczka's determination of the age of the

Kuling shales, and associated beds classed in the same series, so far from having

been demonstrated to be incorrect, is strongly supported by all the decisive

evidence available. It may be added that it would be entirely beyond the scope

of the present paper to consider whether the rejection of the new view in regard

to the age of these rocks at all affects the age assigned to any of the

beds in the Hundes series ; and also that it appears doubtful to me, whether

Mr. Griesbach intended to refer only the Kuling shales to the lower trias, or

whether the whole of the rocks of this series were so intended. Either view-

does not affect the conclusions arrived at above ; but if only the shales were

intended, it seems a somewhat extraordinary proceeding to separate mineralogi-

cally different portions of one series of strata containing the same specific fossils

throughout their thickness.

Comparison of carboniferous of Kdshnn'r and Hundes.—I am, however, by no

means sure that the " white quartzite with red crinoid limestone " constitut

ing the rocks classed by Mr. Griesbach in Hundes as carboniferous3 corresponds

' Loc. ext., pp. 25-350. Spirifer rajah termed by Dr. Stoliczka S. lceilhavi, he considering

them synonymous names (I. c, p. 145) : Mr. Davidson (I. c, p. 40) considers them as distinct.

* See Appendix.

• Loc. cit.t p. 85.
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with the fossiliferous carboniferous of Kashmir. It would be natural to suppose

that as, according to Mr. Griesbach, there is a break in the former district at the

base of the lower trias, rocks of a lower type would occur below that horizon

than below the trias of Kashmir, where there is no such break. I therefore think

it by no means improbable that Mr. Griesbach's carboniferous is really the lower

carboniferous, while the fossiliferous rocks of Kashmir and Kuling are (as was

stated to be the case with the latter by Dr. Stoliczka,) the higher members of

that formation ; the lower carboniferous in Kashmir being probably included

in the great mass of rocks which, in the absence of fossils, I have been

compelled to class together as silurian. The fossiliferous carboniferous rocks of

Kashmir clearly corresponding mainly to the Kuling series of Spiti, the carboni

ferous of Hundes is not improbably the equivalent of the quartzitic Muth beds of

the former district ; in regard to which Dr. Stoliczka was doubtful whether they

should be referi'ed to the lower carboniferous or to the upper silurian. Rocks

in Lahul, lately referred by myself provisionally to the carboniferous,1 also agree

so closely in character with the carboniferous of Hundes and with the Muth

beds, that it appears to me probable that they should all three be referred to the

same horizon.

Carboniferous of Laddk.—Now that the carboniferous of Kashmir has been

distinctly defined as a zone of shaly and calcareous rocks at the base of the great

series of triassic limestones and dolomites, it is quite evident that the very

similarly constituted series of rocks occupying a corresponding position in Ladak,

described in my last paper on Himalayan geology, and provisionally referred to

the carboniferous, is correctly referred. The carboniferous of Ladak is, how

ever, thicker than that of Kashmir, and it is therefore not improbable that it

includes lower beds, perhaps corresponding to the upper part of the silurians of

Kashmir, and to the Muth beds, and carboniferous of Hundes. In Kashmir

the whole of the rocks below the fossiliferous strata of the carboniferous, as

already mentioned, belong to one homogenous series, which, in the absence of

palaeontological evidence, cannot be subdivided, and has accordingly been classed

as silurian, though, as will have been gathered from the foregoing, it is probable

that it may contain the lower carboniferous. Similarly it would seem that the

representative of the devonian must be sought in this series, and it might

perhaps be advisable to term these rocks the devonio-silurian were it not that

no devonian fossils were recognised by Stoliczka in the fossiliferous palaeozoics

of Spiti.

Intimate connection between metozoic and palceozoic in Kashmir.—The con

formity of the triassic and carboniferous rocks in the Kashmir area, and the diffi

culty of exactly defining the lower limits of the latter, indicates that there is here

absolutely no break between the mesozoic and palaBozoic rocks, and it is greatly

to be regretted that the majority of the rocks are unfossiliferous, as if a perfect

paleeontologieal record had been preserved in these rocks, it is probable that

the faunas of the two epochs might be brought into closer relationship than at

present. Neither in Europe nor in America is there, I believe, any instance of

an uninterrupted series of strata from the palaeozoics to the mesozoics, a break

1 Supra, Vol. XIII, p. 53.
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always occurring either between the trias and the pefinian, or between the latter

and the carboniferous.1

North-westerly extension of trias of Kishanganrja valley.—The trias of the

Kishanganga valley has only been traced by myself a comparatively short distance

to the north-west of Gurez. Mr. Vigne, however, in his sketch map illustrative

of the geology of Kashmir,8 has indicated the occurrence of dolomitic limestones,

which are doubtless those of the trias, on the right bank of the Indus in Chilas,

directly north-west of the trias of the Kishanganga valley, with which it is

probably in direct connection. Mr. Vigne also mentions the occurrence of

limestones in the lower Kishanganga valley above Mozufferabad,3 which may not

improbably be the same.

Section from Chamba to Pdngi.—A valuable addition to our knowledge of the

geology of Chamba and Pangi (on the Chinab)' has been made by Mr. J. B.

Lee, of the Calcutta Bar, who during the past summer paid a visit to those

districts, and has kindly communicated to me some of his geological observ

ations. In the outline geological map accompanying my paper already referred

to on the geology of Kashmir, Kishtwar, and Pangi, the area between the gneiss

of the Dhalaodar range (south of Chamba) and the gneiss of the Chinab valley

in Pangi was left uncoloured, as no geological traverse of the intervening country

had been made. It is this geologically new country which has been traversed

by Mr. Lee. Leaving the gneiss to the south of Chamba, Mr. Lee informs me

that slates with a north-easterly dip continue to a short distance south of Jasaor

at which place they are overlaid by blue and white limestones, the former of

which is frequently crowded with the stems of crinoids. Beyond these limestones

there is an uninterrupted succession of slates, with a general south-westerly dip

but with numerous minor folds, which continue till they overlie the gneiss of

the Chinab valley described in my paper. 1 he limestones above noticed are

without doubt the representatives of either the carboniferous or the trias, and

not improbably of both. The limestone has a great mineralogical resemblanee

to certain limestones higher up the Chinab at Tandi, which in a late paper5

I have provisionally referred partly to the carboniferous. The slates between the

limestones and the gneiss are doubtless the same as the Pangi slates, and the

approximate representatives of the silurian. The occurrence of a basin of

newer rocks among the Chamba slates is another instance of the doubly waved

disposition of the rocks in this part of the Himalaya. The occurrence of these

limestones in this region is of importance in showing that, as we approach the

Simla district, the supposed contemporaneous limestones on the two sides of the

gneiss axis preserve their respective characteristics, the inner one being fre

quently fossiliferous, while the outer is never so.

Trias of the outer hills.—Since a considerable part of the great limestone and

1 The intimate connection of the mesozoic and palaw-oic of the Himalaya was pointed out

in tiie presidential address to the Geological Society for 1866 (P. G. S., 1866, p. xlviii).

• Loe. cit.. Vol. I, p. 275.

» Ibid., p. 279.

4 Vide Supra, Vol. XI, p. 30 Sf ; also accompanying map.

" S«pra, Vol. XII, p. 53.
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dolomite series of Kashmir and the neighbouring districts has now conclusively

been shown to be of triassic age, and since the so-called " great limestone"

of the outer hills of Jamu (Jummoo) referred to in previous papers, 1 as far as can

be judged from precise similarity of structure and composition, is inferred to be

the same as the limestone series of Kashmir, it is evident that the great limestone

of the outer hills must be mainly of triassic age, and probably, as the lower beds

are not shown, should be entirely referred to that series. As I have already said,

I am now also unhesitatingly of opinion that the Kiol, and consequently also

the Krol limestones, forming (on the inversion hypothesis) the higher beds of the

rocks of the Pir-Panjal and its south-easterly continuation, must likewise be the

representatives of the carboniferous and trias, which here, in the absence of

fossils, must be reckoned as one rock series.3

Reputed freshwater origin of the Krol limestones.—In his presidential

address to the meeting of the British Association at Swansea in August last,

Professor Ramsay refers to the Krol and Blaini rocks of the outer Himalaya

as being possibly of freshwater origin, quoting the following passage from Mr.

W. T. Blanford's introduction to the " Manual of the Geology of India.'" " There

appears some reason for inferring that the palaeozoic slates, sandstones, and

limestones occupy hollows formed by denudation in the old gneissic rocks, and that

subsequent pressure has produced the appearance of inversion. If this be a

correct view, it is probable that the cis-Himalayan palaeozoic rocks are in great

part of freshwater origin." The inference made in this passage would seem to

rest upon an expression in the text of the " Manual" (p. 604) ; but the " hollows

formed by subaerial erosion" there mentioned, are evidently such only in the sense

in which the Norwegian fjords might be so designated, for the whole sedimentary

series is described as continuous in full force round and between the spurs of

gneiss throughout the whole region from the Beis eastwards to Naini-Tal

and in a compressed section westwards to the Pir-Panjal. Independently of this

explanation, it appears to me that the similarity of the Kiol (the western exten

sion of the Krol) series to the marine rocks of Eishmakam and elsewhere is too

decided to be compatible with any great difference of origin.

Gneiss series.—As will be inferred by the reader of this and the foregoing

papers, the work of the past season has to some extent modified the views pre

viously expressed as to the geological age of the gneiss of much of the area

under consideration. The most important point determined is, that the so-called

• Supra, Vole. IX, p. 158, XIII, p. 56.

a It must be observed that Mr. Griesbach (he. cit., p. 85) considers the Naini-Tal lime

stones as Cambrian. Now in the " Manual of the Geology of India" (p. 609), as is incidentally

mentioned by Mr. Griesbach, it is considered that these limestones are very probably the equi

valents of the Krol. If th is view be correct it is clear that either Mr. Griesbach's or my own

identification must be erroneous. Mr. Griesbach, as is so often the case in his paper, in this

instance has not indicated the necessary consequence of the changes he endeavours to iutrodnce.

Before positively referring the Naini limestone to the cambrinn, it was incumbent on him to show

decisively either that that limestone is not the equivalent of the Krol ; or if it be, to show that the

views generally entertained as to tho age of the latter are grievously wrong.

• p. xxvii.
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" central " gneiss of Dr. Stoliczka must originally have been unconformable to

the overlying rocks, and that in cases where such unconformity cannot now be

detected, the apparent conformity of the rock-series is due to the result of

subsequent metamorphic action.1 On page 57 of my last published paper there

appears a summary of the views then entertained as to the relative ages of the

gneiss of the Kashmir Himalaya. The following remarks indicate what modi

fications of such views are now necessary.

Gneiss of the Kailds range.—In. the paper referred to last, it was stated that

the gneiss of the Kailas range—the trans-Indus range of Ladak—underlies a

vast thickness of slates apparently mainly corresponding to the silurian, though

with possibly some still older rocks in the lower parts. It was consequently

considered that this gneiss was of infra-silurian age, and that possibly a portion

of it corresponded to the primitive " central " gneiss. The past season's work

has conclusively shown that the latter supposition is correct, and that, at all

events, a very considerable portion of the Kailas gneiss is primitive. It seems,

however, to be undoubtedly the case that a portion of this gneiss is altered out

of an old slate series, and such portion has been provisionally termed Cambrian

gneiss, as underlying a vast thickness of silurians. "We have already shown

that in Astor the primitive gneiss underlies the slate series in many places

without the intervention of a great thickness of schistose gneiss, and it appears

to me not improbable that there may be a variable thickness of rocks superimposed

on the primitive gneiss in different districts, and that consequently we may have

in one place Cambrians and in an other silurians resting on the primitive gneiss.

It being certain that the primitive gneiss existed as land during the deposition of

some of the palaeozoics (as proved by the occurrence of gneiss blocks in the

latter), it is by no means improbable that this land was submerged at different

times in different places, and that consequently a greater or lesser thickness of

newer rocks may be imposed upon it. This supposition would receive strong

support, if the views entertained as to the relations of the gneiss of the Bhot-

Kol pass to the trias given above, should meet with acceptation. Finally, it may

be affirmed of the great mass of gneiss of Baltistan and Ladak, coloured red on the

maps issued with this and my earlier papers, that it certainly contains represen

tatives of a metamorphosed palaeozoic gneiss, and of an originally primitive and

unconformable gneiss ; and that it is further not improbable that the palaeozoic

gneiss may belong to both Cambrian and silurian periods, though we are not at

present in a position to prove this.

Gneiss of Zdnskdr range.—The work of the past season having conclusively

shown that the gneiss of Suru, forming the north-westerly termination of the

Zan.skar range, is in intimate connection with the trias, it is evident that the

silurians must be represented by some of the gneiss on the outskirts of this great

mass of metamorphic rocks, and it is, therefore, probable that some of the gneiss

of the lower Wardwan valley, on a previous occasion supposed to be much older,

must represent the silurian. In Pangi, however, as I have said in my last paper,

1 It should be observed that a very similnr unconformity and overlap has been recorded, on

both sides of the central gneiss, by Lieutenant-Colonel McMubon iu the Bisahir and Spiti districts.

{Supra, Vol. XII, p. 65.)
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thero is such a vast thickness of slates overlying the schistose conformable gneiss1

that I cannot help thinking that the latter may be of Cambrian age. The uncon

formity of the granitic central gneiss forming the inner part of the range is here

abundantly proved by the occurrence of blocks of it in the silurian slates. The

position of these blocks in relation to the central gneiss, as compared with that

of Deosai, is confirmatory of the above view, since in Deosai the slates containing

gneiss pebbles lie immediately above the granitic central gneiss, while in Pangi

a large thickness of schistose gneiss is interpolated. A further confirmation of

this view is afforded by the fact, which I have not previously recorded, that the

isolated mass of granitic gneiss lying to the north of Tandi on the Chinab,8 ap

pears to be overlaid directly by the silurian slates without the intervention of

the schistose gneissic rocks ; this would involve the supposition that this gneiss

remained as an island during the deposition of the supposed Cambrian rocks, and

was only submerged during the deposition of the silurians. That the silurians

of the Wardwan valley were deposited in the neighbourhood of land is proved

by the occurrence in them of ripple-marked rocks,3 and that such land may have

existed in the form of gneiss islands, some of which were submerged at a later

period than others, is by no means an improbable supposition.

Gneiss of the Pir-Panjdl range.—Some portion of the gneiss of the Pir-Panjal

range, notably that in the neighbourhood of the Banihal pass, is of a schistose

type, and is undoubtedly conformable to the overlying older palaeozoic slates,

which are of enormous thickness. This gneiss is, in all probability, the same as

the palaeozoic gneiss of Pangi, and the opinions advanced above as to the age of

the one will apply equally to the other. On the higher mountains on either side

of the gorge of the Jhelam valley, where it cuts completely through the

Pir-Panjal range,4 there occurs, however, a gneiss-granite, which is generally

a porphyritic rock, containing large twin crystals of orthoclase, exactly like the

gneiss-granite which in Baltistdn, Ladak, and Hiindes has been regarded as

primitive. The relations of this gneiss-granite to the overlying palaeozoic

slates have not yet been satisfactorily determined, nor is it yet known whether

the schistose gneiss occurs between the two. If this rock be the central gneiss,

which I now think not impossible, it probably existed as land during part

of the palaeozoic period, and the pebbles of gneiss found in the silurians of

the Pir-Panjal pass may have been derived from it. On this supposition

it would not necessarily follow that the schistose Banihal gneiss 4 should occur

above it.

1 Supra, Vol. XIII, p. 57.—It is almost impossible to avoid a certain amount of repetition

in continuing a subject left incomplete in a previous paper.

3 Sec map facing page 64 of Vol. XI of the " Records."

3 Supra, Vol. XI, p. 50.

* Tbe range on the north of the Jhelam is usually termed the Kaj-Nag ; it is, however,

really a continuation of the Pir-Panjal.

6 If there be some " central" gneiss in the Panjdl, we arc not driven to the view adopted

previously (Vol. XI, p. 40) that the pebbles embedded in the slates were transported from a

distance ; but that, as Colonel Godwin-Austen supposes, they formed a shingle beach near the

land of their origin.
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IV.—Glaciers of Baltistan.

Introductory.—Any notice of the geology of Baltistan would obviously be

incomplete without some reference to the mighty glaciers which form such a

characteristic feature of that district and which are only exceeded in dimensions

by those of the polar regions. These glaciers have naturally already fallen

under the notice of various authors,1 and a few observations have also been

recorded as to the evidence of their formerly having had a vastly greater exten

sion than at present. During my late visit to that district, however, certain

facts in regard to the latter question, having, moreover, a certain bearing on the

still wider question of the former glaciation of the whole Himalaya, have come

to my notice, and as they do not appear to have been described by previous writers,

they are presented in the present paper.

Mr. Campbell on Himalayan glaciation.—Before proceeding to the proper

subject of this section, it may not be out of place to mention, that there has re

cently appeared a paper from the pen of Mr. J. P. Campbell," in which the

author arrives at the conclusion that there is no valid evidence of a former

general glacial period ; and that in the Himalaya the older glaciers were only

slightly larger than at present. The conclusions arrived at by myself, as will be

shown in the sequel, are in great part in opposition to those of Mr. Campbell,

though it appears that there is still very great doubt as to how much of

the Himalaya has been glaciated. I may add that Mr. Campbell's personal

observations of the Himalaya were mainly confined to the region of the outer

hills, and to a distant survey of the more central ranges from Simla and other

hill stations.

Climate and present glaciation of Baltistan.—Coming now to the subject of

this section it may be observed that the upper portion of the great basin drained

by the affluents of the Shigar river, namely, the Basha and Braldu rivers, is

highly remarkable for the number and size of its glaciers, the Biafo glacier being,

I believe, the next in size to the Humboldt glacier of Greenland—the largest in

the world. The extensive glaciation of this drainage area is in marked contrast to

the very slight development, both as regards number and size, of glaciers in the

more generally elevated and neighbouring country of Ladak. The causes of

this greater glaciation are, I think, to be found in the moister climate which this

district enjoys as compared with the neighbouring district of Laddk ; to the

greater snow fall which occurs5; and lastly, but not leastly, to the enormous

height of many of the mountains, which consist of mighty peaks, ranges, and

ridges, closely approximated, and divided from one another by deep and narrow

1 Vigne, " loc. cit." Dr. Thomson, " Ioc. cit." Drew, " Jummoo and Kashmir Territories."

" Qnar. Jonru Qeol. Soc.," Vol. XIX, p. 460. Godwin-Austen, " Proc. Hoy. Geog. Soc," Jauua ry,

1864, p. 36.

1 Quar. Jonrn. Geol. Soc, London, Vol. XXXV, p. 98.

1 1 am informed by the natives, that at Askoli, on the Braldu river, the snow during the

winter generally lies to the depth of about 3 feetj while a few hundred feet above the valley it

averages from 12 to 15 feet in depth.
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valleys and ravines.1 This configuration of country is evidently far more favour

able to the accumulation of large masses of snow and ice in the valleys than one

.where the hills are rounded and flat, and the valleys very wide and open, as is

the case in Ladak. The difference in the degree of humidity between upper

Baltistan and Ladak, in the absence of meteorological observations, makes itself

manifest in the more abundant vegetation which is found in the former district.

In Ladak, almost the whole country (except where artificial irrigation has been

introduced) is a barren, stony, and sandy waste ; almost the only native vegeta

tion being a scrub of low bushes and patches of turf hore and there in the

Swampy river valleys ; and on the higher grounds, low-growing aromatic plants,

and some dry straggling grass. In upper Baltistan, on the other hand, the

higher valleys are clothed in summer with a thick carpet of luxuriant grass,

spangled with a variety of flowers ; while the cypress, willow, wild-rose, berbery-

and other shrubs grow luxuriantly. The difference in the suitability for vege,

tation of the two areas is more clearly shown by the fact that in Ladak the

vegetation in the river valleys only occurs in any quantity immediately on the

borders of the streams, while in Baltistan it extends up on the hill-sides far

above the reach of any moisture from the streams below.

Lower limit of glaciers.—With regard to the level to which the glaciers of

Baltistan descend, I have in most cases no very certain information to give,

bince, unfortunately, my aneroid had been broken ; and no heights are given on

the sheets of the Indian atlas at the terminations of any of the glaciers. The

nearest approximation I can give to the lower limits of the glaciers of Braldu is

as follows :—On the survey map, the elevation of the junction of the Braldu

and Basha rivers is given as 8,227 feet ; now, the termination of the Tapsa

glacier, in the Hoh valley, is a comparatively short distance from this point, and

the difference in the elevation of the two places is, I think, less than 2,000 feet :

this would give the elevation of the lower limit of the Tapsa glacier as about

10,000 feet. That this estimate of the elevation is not an excessive one, is borne

out by the fact that cypress trees extend to a height of 1,000 or 1,500 above the

level of the glacier, and that the higher limit of these trees is, I believe, between

11,000 and 12,000 feet. I estimate the elevation of the 'termination of the

Biafo glacier at Askoli, as certainly not more than 10,000 feet, and possibly less.

Mr. Drew estimates the elevation of the lower limit of the Arandu glacier, on

the Basha river, somewhere between 10,000 and 11,000 feet. No other glaciers in

the western Himalaya descend to such a low level as those of Baltistan."

Tdpsa glacier.—The locality of this glacier has been already indicated ; its

termination is situated immediately above the village of Nangmoni Tapsa, where

there is a considerable extent of cultivated ground. It is worthy of notice that it

is only in this part of the western Himalaya that I have seen glaciers descending

close to the cultivated ground, as is so commonly the case in the Swiss Alps.

The village of Nangmoni Tapsa itself stands on an old glacial moraine. A

comparatively modern terminal moraine, forming a dome-shaped hill covered

1 Peak K3 (28,265 feet) above the Baltaro glacier is the second highest mountain in the world.

Except, perhaps, a smnll glacier from Nanga Purbat, near the village of Tarsbiug.
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with cypress, bounds the cultivated land superiorly . above this old moraine is

the present terminal moraine of the glacier. The above appearances seem to

indicate that the Tapsa glacier has receded by Email gradations, pausing here

and there, until it finally attained its present shrunken dimensions. At its

present termination the glacier decreases rapidly both in -width and thickness, its

terminal moraine forming a series of irregular steps. Old moraines can be

distinguished here and there down the Hoh valley, nearly as far as its junction

with the Braldu valley. Above Tapsa, large lateral moraines occur on the

borders of the glacier, extending to a height of several hundred feet above its

present level. On the summits of some of these old moraines, and on the

neighbouring ridges of rock, may be seen some gigantic perched blocks of gneiss ;

the dimensions of one of these blocks may be roughly estimated at 50 x 35 x 25

feet. Below Tapsa the old moraines have been entirely denuded away by the

river on the left side of the valley, leaving the native rock exposed. This rock

is quite rough and irregular, showing not the slightest trace of glacial polishing

or scoring, though it must once have lain in the course of the glacier. In no part

of this valley, indeed, could I find any traces of the wearing effects of the old

glacier on the surrounding rocks ; and if the old moraines and perched blocks

were to be entirely washed away, no evidence would remain of the former greater

size of the Tapsa glacier : the significance of this fact will be noticed in the sequel.

Palma valley.—The Palma valley, another tributary of the Braldu valley,

presents numerous evidences of the former extension of the glacier which now

occupies the head of the valley. Near the mouth of this valley the summit of

the ridge of limestone between Kurophon and Dumordo, which is at least 2,000

feet above the level of the Braldu river, is thickly strewn with gigantic blocks

of the old porphyritic gneiss, which must have been transported from far up the

Palma valley : no traces of glacial markings can now be detected on any portion

of this limestone ridge. Near Dumordo, however, some of the precipitous cliffs

on the left bank of the river, at a height of more than 1,000 feet above its bed,

are most distinctly smoothed and polished by glacial action. The upper portion

of the valley, below the present glacier, retains the U-shape so characteristic of

glacial action ; the lower portion, on the other hand, is most distinctly V-shaped.

Here and there, however, traces of the older and more elevated U-shaped valley

remain, in the form of ledges on the sides of the present river gorge. The

present form of the lower part of the valley seems, therefore, to be clearly due

to the denuding action of the river, which has excavated the valley to the depth

of some 500 feet below the level of the old glacier valley.

Glacier increasing.—The present Palma glacier shows pretty evident signs of

being on the increase, since it terminates inferiorly in an abrupt and precipitous

wall of ice, with but comparatively little debris and no distinct terminal

moraine, which seems to have been overflowed and, so to speak, swallowed up

by the glacier.

Former extent of glacier.—From the occurrence of blocks of gneiss-granite

on the Kurophon spur, and from the glacial markings already noticed in the

Palma valley, it may be safely concluded that the Palma glacier formerly united

with the Biafo glacier.
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Biafo and Balta.ro glaciers.—I have but few observations worth recording con

cerning these glaciers, as they have been already described by Colonel Godwin -

Austen. There would seem to be but little doubt, from the occurrence of

moraine matter in the valley between the two glaciers, as well as from the

evidence of old glaciers in the Braldu valley below the termination of the Biafo

glacier, to be noticed shortly, that these glaciers once united. From the height

at which old glacial traces occur in the Palma valley, and allowing 500 feet for

subsequent river erosion, it would appear that the thickness of the ice of the

three united glaciers must have been at least 1,500 feet. At the lower portions

of the Biafo and Baltaro glaciers, the whole of the ice is covered with an

enormous accumulation of debris, and neither lateral nor median moraines < an

be traced : higher up the glaciers, however, we find clear ice, with distinct

moraines of both kinds ; transverse crevasses are also numerous. At the termi

nation of the Biafo glacier, where the ice suddenly debouches into a wide valley

at right angles to the course of the glacier, and is consequently released from

lateral pressure, there occur numerous and wide longitudinal crevasses. Both

these glaciers, for a very long distance above their terminations, present a highly

arched transverse section. In estimating the thickness of old glaciers, it should

always be borne in mind that the markings on the sides of such glaciers only

indicate the thickness of the outer portion of the ice, and that from the above*

mentioned arched section the centre of the glacier must have been much thicker.

On the sides of the Biafo glacier the rocks are all highly polished and scored

for some feet above the present level of.the glacier, indicating its recent diminu

tion in thickness. Older markings are here and there to be detected at much

higher levels.

Glacial evidences on the Braldu river, oeloio the termination of the Biafo glacier.—

Having now shown that there was formerly one enormous glacier, composed of

an extension of the present Biafo, Palma, and Baltaro glaciers, and also that the

Tapsa glacier once extended down to the Braldu river, I proceed to show that

these united glaciers formerly reached the whole way down that river.

Glaciated spurs at Koto.—On either side of the tributary ravine debouching

into the Braldu valley a little to the west of the village of Hoto, is a projecting

spur of gneiss ; each of these spurs has been rounded off, grooved, and polished

by glacial action. The groovings and flutings on the spur to I he westward of

the tributary ravine are as fresh as those on the boundary walls of one of the

existing glaciers. These groovings are directed down the valley of the Braldu

river, ascending on the eastern side as far as the middle of the spur, and then

rapidly sinking on the western side. The direction of the old glacier must

accordingly have been down the Braldu river. The glacial markings on these

spurs extend to a height of about 1,000 feet above the present river-level.

Opposite spur.—The above-mentioned markings certainly prove the existence

of a large glacier in this part of the valley of Braldu ; but there are other points

in connection with this subject which demand attention before proceeding to

notice other evidences of glaciation further down the valley. Immediately

opposite the polished and grooved spurs, there occurs on the other side of the

river another spur of gneiss projecting boldly into the valley. This spur must
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equally with the opposite spurs, have presented an obstacle to the course of the

glacier. This spur however, is perfectly rugged, and shows the projecting edges of

the nearly vertical strata jutting out in the most irregular manner; its lower

part shows marks of river erosion, extending to a height of 40 or 60 feet above

the river.

Glacial markings protected by river deposit.—We are now led to enquire what

is the reason that on one side of the river projecting spurs of rock bear distinct

traces of former glaciation, while on the other no such traces can be detected.

An examination of the Hoto spurs will show that they are nearly half buried in

a modern river deposit resting interiorly on what appears to be glacial moraine.

This deposit shows unmistakable signs of having onco extended much higher

up on the spurs, and it is quite probable that it may have formerly entirely

covered them. The rugged spur on the opposite side of the river has no pro

tecting formation ; while the whole of the cliffs in the neighbourhood which are

likewise bare of this deposit show not the slightest traces of glaciation. It, there

fore, appears to me to be certain that the covering of river deposit has protected the

glacial markings on the Hoto spurs, while on the unprotected rocks in the neigh

bourhood, such markings have been entirely obliterated, and the surface of the

rocks subsequently much altered by denudation. I shall shortly show that in

almost all other cases in this district where old glacial markings occur they are

either situated on protected surfaces, or, as in the case of the markings at Dumordo

already referred to, on almost, or quite, vertical cliffs where the action of denuding

agencies is reduced to a minimum. The bearing of these observations on the

absence of glacial markings from other parts of the Himalaya will be discussed

in the sequel.

Hoto to Foljo.— Between the villages of Hoto and Foljo small surfaces of

polished and grooved rocks may here and there be detected on the precipitous

gneiss cliffs of the left bank of the river, extending to a height of about 1,600 feet

above the bed of the latter. At Foljo itself, there is a gneiss spur high above

the river, showing nearly as perfectly preserved glacial markings as those on the

Hoto spurs. The Foljo spur has likewise been covered with a protecting coat of

river deposit.

Foljo to junction of Brdldu with Bo"sha river.—Below Foljo glacial markings

may be traced here and there on the left bank of the river, nearly as far as its

junction with the Basha river. Some of these markings are situated at a great

height above the bed of the river, and, where they have not been protected by

river deposit, generally occur on vertical faces of rock. In many parts of its lower

course, the river flows in a distinctly V-shaped valley (bounded by rugged and

irregularly-shaped cliffs), which in its present form could certainly not have con

tained a glacier. At the hamlet of Tigstan, the valley somewhat suddenly ex

pands, and assumes an U-shaped section. Here, for the first time in the course

of the river, we find traces of old glacial action occurring close down to the

present bed of the river, as is well shown on a rounded, polished, and grooved

boss of gneiss nearly opposite Tigstan : this boss has only lately been denuded of

its protecting river deposit. We may conclude, from the position of this glaciated

rock, that in this part of its course the river has not perceptibly deepened its
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channel since the period of its glaciation, and that consequently at that period

the inclination of the valley must have been much greater than at present.1 In

this expanded lower portion, the valley is thickly overstrewn with a vast accu

mulation of gigantic travelled blocks of gneiss ranging to 100 feet in diameter.

Perched blocks may also be observed standing out on the sky-line of the spurs

opposite and below Tigstan. The spur dividing the Braldu and Basha valleys

for two-thirds of its length between its termination and Tigstan has its sky-line

most markedly rounded and smoothed off by glacial action ; while above this

point, which is at an elevation of about 1,000 or 1,200 feet above the bed of the

river, the sky-line becomes suddenly thrown into sharp points and peaks. This

is the most striking instance of glacial action that I have seen, and, if the correct

height of the rounded part of the spur were ascertained, would give us the

thickness of the glacier at one period of its existence.

Basha-Braldu glacier.—The above facts clearly show that one immense glacier

formerly occupied the valley of the Braldu river, and that it overtopped the spur

separating the Braldu and Basha valleys, where it doubtless united with another

glacier occupying the Basha valley. This old glacier I shall subsequently refer

to as the Basha-Braldu glacier; it extended down to an elevation of a little over

8,000 feet.

Basha glaciers.—Of the glaciers of Basha I have nothing to say, as the Arandu

glacier has been carefully described by Mr. Drew,* and I have not examined the

Basha valley for traces of old glaciers, except at its mouth. Mr. Vigne observes

that the natives consider the Arandu glacier to be solely advancing.

Glaciation below Shigar.—Below the point where the Braldu and Basha rivers

unite to form the Shigar river, until below the town of Shigar, I have not myself

observed any features which I could decidedly say were of glacial origin. My

observations were, however, mainly confined to the left bank of the river, where

the rocks are less hard than the gneiss cliffs of the right bank, and it is possible

that markings might be observed on the latter. The Shigar valley is distinctly

U-shaped in section, and in this respect might well have contained a glacier.

When we come to the spur between Shigar and Skardu, separating the Shigar

and Indus valleys, and composed of a dark-coloured schistose gneiss, we find in

the neighbourhood of Stronkdokmo the summit of this spur overspread with

blocks of a light-grey, and frequently porphyritic, gneiss-granite, together with

other blocks of trias limestone and dolomite. Both kinds of these blocks must

have been brought down from the neighbourhood of Shigar, and undoubtedly

indicate ice transport. There would seem, therefore, to be every probability that

the Basha-Braldu glacier continued down the Shigar valley to the Indus.

Glaciation at Skardu.—In the immediate neighbourhood of Skardu there are

some unmistakable traces of former glaciation. Thus, to the south of the fort

1 I may draw attention to this observation as illustrating a remark made in a recent number

of this publication (Vol. XIII, note, p. 237), that although considerable erosion of the water-way

has taken place generally over this area since the last great extension of the glaciers, some spots

have escaped that action

• " Jummoo and Kashmir territories," p. 367.
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there occur large quantities of blocks of grey gneiss-granite, which seem to have

been transported from the high range to the south. According to Mr. Drew' the

isolated rock in the Skardu valley, 1,000 feet high, is covered with transported

blocks. Near the summit is a large block of gneiss-granite, polished and

grooved. Some of these blocks appear to rest upon the (?) pleistocene lacustrine

strata described in a previous section. Near the fort some of these lacustrine

strata are crumpled, and contorted in a manner which seems very probably to have

been effected by the lateral pressure of a glacier. Mr. Drew, as already mentioned

is of opinion that this contortion was caused by ice in some form or other2

Although I cannot be sure that the Shigar glacier extended to Skardu, yet I think

it very probable that such was the case : anyway there is no doubt that some

glaciers debouched on to the Skardu plain at an elevation of about 7,000 feet.

Moraine at Katsilra.—Mr. Drew3 notices the occurrence of large masses of

moraine matter at Katsura, on the Indus, some 16 miles below Skardu, and

concludes that this moraine was formed by a local glacier.

Relation of glaciers to lacustrine deposits of Sldrdu.—The lacustrine strata of

Skardu, showing signs of underlying glacial debris, and being contorted by ice

action, it would seem likely that the great glaciers of Baltistan did not extend below

Skardu as one solid mass of ice filling the whole valley, as otherwise one would

have thought the great masses of lacustrine strata in the Indus valley opposite

Skardu would have been swept away by them. There is, however, considerable

difficulty in accepting this objection as there occur large masses of similar lacustrine

strata in the Indus valley in Ladak, which are probably in great part of pre-

glacial origin where from the elevation glaciers ought surely to have existed. It

remains to see whether all the lacustrine strata here alluded to are pre-glacial or

not, before a satisfactory solution of the difficulty can be arrived at.

Glaciation of Deosai.—I have now concluded what I had to say regarding

the traces of former glaciation in Baltistan. Before, however, taking into consi

deration the general bearing of these facts on Himalayan glaciation, I intend to

shortly notice some of the evidences of glaciation in the districts between Baltis

tan and the plains of the Punjab. Immediately to the south of Skardu we find

the elevated plain-like basin of Deosai, attaining in its centre to an elevation of

about 13,000 feet, and surrounded by mountains ranging from 15,000 to 18,000 feet

in height. A very noticeable fact presents itself here, in that the rivers draining

this basin, in spite of its great general elevation, in no case take their origin

from glaciers ; and indeed, with the exception of a few small ones on the lower

part of the Shigar river no glaciers occur in the entire water-basin. This

virtual absence of glaciers in such an elevated area presents a remarkable con

trast to their abundance in the valleys of Baltistan. The explanation of this

1 Loe. cit., p. 364.

J It is, of course, just possible that such dumplings might have been effected by icebergs

detached from a glacier when Ska>du was a lake ; and it ha9 been suggested fo me that a landslip

might have caused them. As fur ns my own judgment goes, 1 am inclined to doubt the elliciency

of the last named agent in this case.

s Loc. cit., p. 372.

* The Shigar river here alluded to, in conjunction with the Shingo, drains Deosai, and is quite

•lutinct from the river of the same name referred to in preceding paragraphs.
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difference is, however, not difficult. The water-basin of Deosai practically

consists of a very wide and flat valley, traversed by numerons streams, whose

united waters are carried off by the Shingo-Shigar into the Dras river.1 This

openness of the Deosai valley, coupled with the fact that the surrounding moun

tains, which are not of the enormous height of those of Baltistan, drain

directly into this open area without the intervention of deep and narrow gorges,

explains this absence of glaciers, since the snow generally lies where it falls until

it melts, and has no opportunity of accumulating in force, as on the mighty peaks

and in the deep valleys of Baltistan. In spite, however, of the absence of glaciers

at the present time in Deosai, there appears to be good evidence of their former

presence. Most of the minor ridges descending from the higher ranges present a

rounded and smoothed outline, strongly suggestive of the effects of glacial action.

The streams are also bounded by ridges and banks of debris, which, I think,

represent in part old moraines. Again, on the north side of the basin, blocks of

grey gneiss-granite are scattered over the ridges of trap rock, evidently by the

uction of glaciers. In his work and memoir quoted above, Mr. Drew is also of

opinion that glaciers once existed in the Deosai plain, but thinks that much of

the debris has been arranged by waters flowing from, and dammed by, such

glaciers.

Glaciation of Bras,—I have already0 expressed my opinion that much of the

debris in the Dras valley has been transported by glaciers ; the evidence is, how

ever, not without an element of doubt, as the transported material all lips in the

present line of drainage.

Wardwan valley.—At the head of the great valley of Maru-Wardwan,

draining the south side of the mountains of Suru into the Chinab, there occurs

a small glacier of some seven miles in length. Below the termination of this

glacier, old moraines may be seen here and there as far as the village of Mareg,

where a very large and perfect one occupies the mouth of the tributary valley

opening into the Wardwan at that place : the elevation of this moraine is about

8,500 feet. I have not seen traces of old glaciers below this point.

Kashmir.—In Kashmir proper, as I have elsewhere observed,3 a large moraine

occurs at Sonamarg in the Sind valley ; while lower down in the same valley Mr.

Drew has noticed glacial markings in the rocks at an elevation of 6,500 feet. On

the opposite side of Kashmir, the valley of Gulmarg, at an elevation of between 7

and 8,000 feet, is thickly covered with what appears to be an old moraine. On the

higher mountains round Kashmir old moraines are of common occurrence ;

I myself, however, have never observed glacial markings on any of the rocks

and the general aspect of the mountains and valleys is certainly not one sugges

tive of glaciation.

1 The water of the Shingo-Shigar is quite peculiar among the rivers of this country, in that

it is of a clear blue colour, in striking contrast to the muddy-brown colour of the Dras river into

which it flows. This purity is entirely owing to the absence of glaciers from the Shingo-Shigar

water-basin.

• Supra, Vol. XII, p. 30.

• Supra, Vol. XII, p. 29.
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Alleged glaciation in the outer hills.—The evidence hitherto cited as to the former

existence of glaciers in certain localities is quite beyond the jrossibility of doubt ;

this evidence is either glacial markings on rocks, perched blocks, or moraines

in their original form. In the outer hills of the Himalaya, however, various

writers, among whom I may mention Messrs. Godwin-Austen and Theobald, have

argued for the former existence of glaciation in those regions on very different

evidence. The evidence which they adduce is, firstly, that of travelled blocks ;

but, as far as I am aware, very few, if any, of those blocks are in positions which

they might not have attained (irrespective of the question of their weight) by the

action of water alone ; and secondly, from the form of the country, and from certain

deposits which they presume to be moraineR. The glacial or non-glacial origin

of the Naini-Tal lake-basin has lately been a subject of discussion between Messrs.

Ball and Theobald,1 and, as far as I am competent to judge, it does not appear

that the arguments either for one or the othor view are conclusive. In none of

the instances of alleged glaciation in the outer hills has there been adduced any

decisive evidence of the nature referred to above, and, indeed, Mr. Campbell, in

the paper already quoted, refuses to admit any of such instances as valid. On

the present occasion it is not my intention to sift this evidence in any way, but it

is merely instanced here in order to show how it differs from the decisive

evidence adduced as to the former presence of old glaciers in the inner Himalaya,

and also that I may show how certain conclusions as to the preservation or

non-preservation of signs of old Himalayan glaciation affect the question.

Glacial period in the Himalaya.—From the facts detailed above, there can

be no question but that the glaciers of the Himalaya were formerly of vastly

greater extent than at present, and also that glaciers existed in regions where

there are now no traces of them. At a period when glaciers were capable of

existing in the regions indicated, there can also be but little question of the great

difference of the climate from that which at present exists, and there can be, I

opine, no stretching of terms in applying the term " glacial period" to the time

of such extension of the glaciers. Mr. Campbell's statement that " Indian

glaciers are near about as large as they have been since the deposition of tho

Siwaliks " does not appear to me to be borne out by the facts.

No evidence of a Himalayan ice-cap.—Although there was undoubtedly a vast

former development of the glaciers of the Himalaya, I see no evidence to show that

there was ever a continuous ice-cap over the Himalaya ; indeed, the evidence,

as far as it is preserved, tends to show that the great >alleys of the Himalaya

were only filled to a certain limit with ice, and that such ice conformed to the

direction of the valleys. Smaller glaciers and snow-sheets doubtless filled tho

tributary valleys and covered the flanks of the higher ranges ; but it appears to

me probable that the summits of such ranges and peaks always stood out clear

above the ice. It would, indeed, appear preposterous to suppose when we

have a river valley at 7,000 feet containing a glacier, that the ice of such

glacier should extend up and envelope ranges and peaks of over 20,000 feet in

height : such an amount of ice, if it extended in proportionate quantity from the

1 Supra, Vol. XI, p. 174 ; Vol. XIII, p. 61.
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Himalaya to the pole and thus round the world, would, I imagine, require almost

the whole of the water on the globe. From these considerations it appears

to me that the arguments used by Mr. Campbell in his paper already quoted,

as to the non-existence of a glacial period in the Himalaya, on the ground that

the higher ranges do not present a glaciated appearance in a distant view, falls

to the ground. The existence of a glacial period, such as I have indicated, is,

therefore, in perfect accord with the condition now prevailing in the higher

Himalaya. The condition of the Himalaya at this period was probably much

the same as that of Switzerland at the same time, which, " though not ice-

sheeted, developed glaciers on a prodigious scale." (Le Conte.)

Evidence of glacial period indistinct.—Taking it now as proved that there did

exist a glacial period in the Himalaya, it remains to consider what are the

inferences to be drawn as to the extent to which the Himalaya was affected

by such glaciation. The very faint traces which this glaeiation, even in the

neighbourhood of the present large glaciers, has left has been already commented

on. It is, however, necessary to refer to this point somewhat more fully. As

the ice of the glacial period in the Himalaya began to diminish, it is quite

evident that such diminution must have commenced in the lowest regions to

which the ice reached, and that the last regions from which the ice disappeared

were those in the immediate neighbourhood of the existing glaciers, where the

old glaciers must have lingered longest. Now, if the traces of former glaciation

in the latter regions are as indistinct as I have shown them to be, is it not natural

to suppose that in the lower regions, where the ice, if it existed, must have

disappeared at a much earlier period, still less distinct traces of glaciation should

remain ? Such seems to be undoubtedly the case if the evidence is considered as

I have given it above. We have firstly, near the present glaciers, roches

inoutonnens, rock-groovings, moraines, and perched blocks ; in Kashmir, we have

frequent moraines, and rock-grooving in one place ; in the outer hills, blocks

presumed to be glacially transported, and debris assumed to be of morainic

origin.

Possibility of glaciation of outer Himalaya.—Without, therefore, for one

instant presuming to attempt to settle such a vexed question as the glaciation

or non-glaciation of the outer Himalaya, I may yet observe that the absence in

those regions of decisive evidence of former glaciation is only what would be

expected to be the case from the traces which the old glaciers have left in the

central Himalaya. It might be argued, from the statement made above that the

glaciers of Baltistan did not probably extend below a level of 7,000 feet as a

continuous ice-river, that there could be no glaciers in the outer hills at lower

levels than this. Against this objection, however, it may be urged that local

glaciers did descend down to the Indus at lower levels, as the one already instanced

at Katsura (and, for aught I know, there may have been others lower down), and

also that we have evidence of old glaciers at lower levels in Kashmir. It is also

probable that in the glacial period, as now, there was a larger rainfall in the

outer than in the inner Himalaya, which would tend to increased glaciation in

the former regions. It may further be added that if a glaciation of the outer

hills ever took place it has probably not been in the form of a continuous sheet
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but only as glaciers flowing here and there from the higher ridges and peaks, and

thence down the valleys towards the plains.

The glacial period of the Himalayan was general.—The glaciation of northern

Europe occurred during the pleistocene period, and, as we have already seen, the

great extension of the Himalayan glaciers occurred after the deposition of strata

which probably belong to some part of the same period. There is, therefore,

every probability that the glaciation of Europe and the Himalaya was contem

poraneous, and, therefore, that the cause of this glacial period was general and

not local. I entirely agree with the statement of Mr. Campbell, that " vast sheets

of polar ice did not climb over the Alps, the Caucasus, the Himalayas, and

the Rocky Mountains, leaving sharp ridges between 11,000, 18,000, and

28,000 feet high ;" but this does not convince me that there was not a genera,

period of far greater cold than exists at present, when mighty glaciers existed

in latitudes and at elevations where there are now no traces of them. It

appears to me that Mr. Campbell's main ground of disbelief in a general period

of cold is based on his not finding that the whole of the northern hemisphere

shows traces of having been covered by a continuous ice sheet. The facts

show that in America, Europe, and Asia, there was undoubtedly a contem

poraneous extension of glaciers, but the fact of this extension being greater

in one region than another by no means invalidates the existence of a

general glacial period. Then, as now, Asia may have been hotter than Europe,

and the limits to which glaciation extended in the former continent may have

been more confined than in the latter, without in the least affecting the supposition

that the general temperature of the northern hemisphere was far lower than at

present.

Cause of greater disappearance of glacial traces in the Himalaya than in "Europe.—

Assuming that the glaciation of the Himalaya and of northern Europe was

contemporaneous, it becomes a very interesting question to consider why the

traces left by this glaciation are so much less clear in the former than in the

latter. Why in fact that in Europe, as in North Wales, whole mountains and

valleys have retained the features impressed upon them by the glacial period, while

in the Himalaya such features are only exceptionally preserved, and that the

general appearance of the country is not that of a glaciated one. One answer to

this question is, doubtless, that in Wales the whole country was glaciated, and

all the ranges and hills swept over by one continuous sheet of ice, which we have

seen reason to believe was never the case in the Himalaya. Such an ice-cap

would, undoubtedly, leave more lasting traces on the country than would

merely large glaciers in the valleys. This answer will, however, not apply when

we compare the Himalaya and the Alps, in both of which, as we have said,

there was no ice-sheet, and it cannot, therefore, solve the question ; hence

there must evidently be another answer. This other answer may be, that in

the Himalaya the agents of erosion have acted with a far greater degree of

rapidity and energy than in Europe, and have thus removed to a greater extent

the traces of glaciation. In the outer hills, the periodical rains are certainly

far more violent than any rain in Europe, and in parts of the Himalaya, as at

Darjiling and the Khasi hills, the volume of water thus descending is far greater
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than in any part of Europe. If the periodical rains at any former time were still

more voluminous and penetrated further into the hills, we might possibly have

here a vera causa. Another answer is, that in the outer hills, which are generally

not much higher than the loftier Welsh and Scotch mountains, if glaciation existed

there, it must, owing to the difference in latitude, have disappeared, when the glacial

cold began to decrease, at an earlier period than in Europe, and that consequently

there has been in the former regions a longer lapse of time for the agents of denu

dation to effect their task of obliteration. All these causes, in conjunction with

others which have not occurred to me, may together have produced the difference

in the features of European and Indian mountains, which have alike been sub

jected to a glacial period.

V.—Hot-springs of BaltistXn.

General.—The districts of Braldu and Basha are remarkable not only for

their mighty glaciers, but also for the presence of numerous thermal springs,

bursting out here and there from the solid rock.

Position of springs.—On the Braldu river one thermal spring occurs east of the

village of Chongo, while three springs are situated between that village and

Tosha. On the Basha river a large spring occurs at Chutran,' and a smaller

one higher up, west of Bisil.

She and nature.—Of these six springs the one at Chutran is by far the largest,

while the three between Chongo and Tosha are very small and of much lower

temperature than either of the others. The Chongo and Bisfl springs are highly

impregnated with hydric sulphide (H.'S.), while the three Tosha springs are as

highly impregnated with ferrous carbonate, the iron being oxidized and deposited

on the surface. The Bisil, Chutran, and Chongo springs deposit large quantities of

travertine at their outflow. The temperature of the Chutran spring is given by

Mr. Vigne 5 as 109°F„ and that of the Bisil spring as 160^.3

Chongo spring.—The Chongo spring, here selected for description, bursts out

in two jets from clefts in the gneiss rock ; the larger, with a stream of water which

I estimate at about four inches square in cross section flowing with considerable

velocity. The larger jet flows into a sub-circular basin of white traver

tine, resting on the summit of a considerable deposit of the same substance.

I had no means of ascertaining exactly the temperature of the water, but I should

estimate it as about 100° P. A considerable quantity of steam is given off from the

stream, as well as a very strong smell of hydric sulphide. In the hottest part of

the stream there occur masses of dark-green, solid-looking confervae, while in

the cooler parts there grows a yellow flocculent species. The smaller jet has a

much lower temperature and deposits much less travertine than the larger.

Old deposit.—Immediately to the eastward of the present Chongo spring there

occurs an enormous mass of yellow travertine, adjoining the modern deposit,

but of much greater size and extent, and evidently formed at a period when the

spring had a far larger volume than at present. This mass of old travertine has,

1 Tibetan chu, or Isu, water, and Iran, hot.

J Loe. «.<„ Vol. II, p 274.

' Ibid* p. 285.
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roughly speaking, a long diameter of 600 feet, a transverse diameter of 180 feet,

and a thickness of 60 feet, at its lower and thickest extremity. The shape of

this deposit consists of a series of regularly-formed semi-cylinders, placed one

above another in a staircase-like manner ; the summit of each semi-cylinder

being fringed with a hanging curtain of stalactites. The whole on,

though of course on an infinitely smaller scale, presents a great resemblance to

some of the travertine formations of the hot-spring and geyser region of Yellow

stone-Park in the United States. The modern deposit of the spring occupies

merely one corner of the old mass of travertine, and forms a simple semi-dome-

shaped mass, without any of the cylinders and stalactites of the old formation.

I may add that the Chongo spring enjoys among the Baltls a high reputation for

medicinal virtues.

Action of springs on rocks.—It is "hardly necessary to bring to notice the enor

mous change which springs of so high a surface temperature, and so strongly

impregnated with mineral matter, must oxert on the rocks exposed to their influence

at even slight depths below the surface, where their temperature must be consider

ably greater. The vast amount of calcareous matter removed from the rocks below

by the Chongo and Chutran springs must alone have caused avery great change in

the rock from which it is dissolved. The presence of these hot-springs, and the

number of intrusive veins of granitic and trappean rocks permeating the strata of

Baltistan, up to and including those of the triassic period, indicate that in this

region there has been a great activity of subterranean thermal energies, which even

now, though as shown by the Chutran spring diminishing, are yet active at com

paratively slight depths. The result of these agencies is manifest in the meta-

morphism which all the rocks of the district have undergone.

APPENDIX.

List op Fossils pbom the Trias and Carbonifebous op the Valley op Kashmir.

Genera or species marked with an asterik are given on the authority of Dr. Verchere ; most of

the others on that of Mr. Davidson and Dr. Feistmnntel : species common to the carboniferous

of Australia are marked (t), those to the carboniferous of Europe (J).

Cephalopoda

Gastebopoda

Lamellibrancuiata ...<

Brachiopoda

Trias.

{Goniatites (?) sp. (G. Austen.) 1

Orthoceras sp.

* Chemnitzia sp. (?)

* Loxonema sp. (?)

* Macrochilus sp. (?)

* Naticopsis sp. (?)

* Nerinaea, sp. (?)

Megalodon gryphoides (?). (Gumb.)

* Aviculopecten sp. (?).

* Axinus sp. ?

* Cardiuia (?) or Anthracosia sp. (?)

[ • Solenopsis sp.

* Sfiriferina strachcyi (Salt) (?)

, It is possible that this determination may be incorrect, as it seems to have only been made in the Scld,
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Crinoidka

Anthozoa

CEPHaI.OPODa

... Crinoids, non. det.

... Corals, non. det.

Carbonifebous.

Lamellibuanchiata

Bhachiopoda

Pot.yzoa

Tkilobita

/

Orthoceraa sp.

r Aviculopecten, sp.

< avicula, sp*

v Solenopsis, sp.

f Athyris subtilita. (Hall.)+

„ royssi. (L'Ev.;+J

Cnmaropboria, sp.

Cbonctvs ? austenia. (Dnv.)

„ hardrensis, (Pbil). var. tibetonsis. (I)uv.)'t +

„ lsevis. (Dav.)

Discina k-isbniiriensis (Dav.)

Orthis sp. (Dnv.)

Prodactns cora (D'Orb )+ %

* „ costatus. (Sow.)I

huuibulti. (D'Orb.) J

„ loDvis. (Dav.)

,, longispinos. (Sow.)t X

„ scabriculus. (Miirt.)t X

„ seuiireticulatus. (Mart.)tl

„ spinulosus ?. (Sow.)J

„ striatus. (Fisch.)J

Retzia, sp.

Kbyncbonella barusiensis.3 (Dav.) •

„ kasbmiriensis (Dnv.)

„ pleurodon, v. davrcuxiaiia. (D. Kon.)J

Spirifer barusiensis. (Dav.)

„ kasbmiriensis. (Dav.)

„ moosnkaliensis. (Dav.)t

„ raja. (Salt.)

„ striatus.f % (Mart.)

* „ vercberi. (Verneuil.)

„ vibiana. (Dav.)

Spiriforina octoplicnta. (Sow.)t %

Btreptorbyncboa (Orthis) crenistris. (T'bil.)t X

* Stropbomena rbomboidalis. (Wehlenberg) var aualoga (PhilJ.ft

Tercbratnla ansteniana. (Dav.)

Fcnestella lepida. (D. Kon.)

* „ sykesi. (D. Kon.)

* „ megastotna. (D. Kon.)

Protoretepora ampla. (Lonsdalo.)t

' Vincularia multangnlaris. (Portlock.)J

Pbillipsia scmcnifcra (?) (PhUlips.)3J

E R *

i this name should be changed to karhmiriensi$.

» apparently misnamed henwtensis in Davidson's description ; the name should be Oam$ietitis, from tho village

of Barns, in the Villi district of Ka"shrafr.

a > inured as Amiphut eemrniferua in Phillips' " Geology of Yorkshire," 1838, pi. XXII, fig. 10
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Note *n some Siwalik Carnivora.—By R. Lydekker, B.A., F.Z.S., Geological

Survey of India.

In a recent number of the " Quarterly Journal of the Geological Society of

London,"1 a paper on Siwalik carnivora by Mr. P. N. Bose has appeared, in

which certain new species are described. As it appears to me that the evidence

on which these so-called new species are founded is by no means valid, a short

notice of the paper is necessary here. It may be added that as the description

of the remains of Siwrlik carnivora in the collection of the Indian Museum will

appear on a future occasion in the " Palseontologia Indica," only those points

in which my own conclusions differ from those of Mr, Bose are here touched

upon.

In the introductory paragraphs of his paper the author contends for the old

view of the exclusively miocene age of the Siwaliks, and as the view of the

partly pliocene age of these rocks has been advanced by the officers of the Geolo

gical Survey of India, before showing in what respect my own conclusions as to the

number of species of Siwalik carnivora differ from those arrived at by Mr. Bose,

it will be well to endeavour to see whether the objections raised by him against

the newer view are of such weight as to lead to its abandonment. Mr. Bose's

objections are classed under two heads—stratigraphical and palseontological.

In regard to the first of these heads, our author 8 objects to the provisional

correlation of the unfossiliferous upper Manchhar beds of Sind with the fossili-

ferous typical Siwaliks, forming the higher and middle portions of that series ;

and also of the fossiliferous lower Manchhars with the generally unfossiliferous

lower Siwaliks (Nahans), as set forth by Mr. W. T. Blanford in the " Manual of

the Geology of India."5 In objecting to this correlation, Mr. Bose advances some

general statements as to the difficulty of correlating particular zones when they are

not both fossiliferous, and urges that as some of the lower Manchhar fossils are

common to the upper and middle Siwaliks, the two are approximately on the same

horizon. The general parallelism in the lithological composition of the whole

Siwalik and Manchhar series, as set forth by Mr. Blanford, is, however, over

looked. As to the second objection, it may be freely granted as probable that some

fossils have been obtained in the Siwaliks from a horizon corresponding to the

lower Manchhars, and that the two faunas pass gradually into each other, yet

the fact still remains that the Sind fauna, as far as known, does not contain the

essentially modern forms of the typical Siwaliks. This, conpled with the litho

logical correspondence of the rocks of the two series, leaves a strong primd facie

probability for the correctness of Mr. Blanford's view.

Leaving now the stratigraphical, we may proceed to the palseontological aspect

of the question, and in this case we may treat the whole of the Siwaliks and

Manchhars as forming one continuous tertiary formation, entirely apart from

any question of particular beds. In regard to the age of this series as a whole,

» Vol. XXXVI, p. 119.

» Loc. off., p. 120.

• p. 581.

H
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Mr. Blanford1 concludes that the highest beds from which fossils have been

obtained are probably of upper pliocene age, and the lower of upper miocene !

the main fossiliferous horizons being lower pliocene and upper miocene. This

determination renders it necessary to assume that numerous genera of miocene

mammals survived into the pliocene, and it is to this survival that Mr. Bose

mainly objects. He observes that such a theory should only be admitted " if the

ossiferous Siwaliks were proved by clear stratigraphical evidence to belong to

the pliocene epoch, or if the Siwalik fauna could be shown to have decidedly

stronger affinities with the pliocene than with the miocene faunas of other locali

ties." He then goes on to say that, " it is certain that by far the greater number

of the animals composing the Siwalik fauna lived at an epoch between the middle

miocene and the middle pliocene, and the question is whether the fauna should be

quoted as upper miocene or lower pliocene." It is then stated that the question

will be answered by the carnivora, but that if the whole fauna were taken into

account the result would be the same. Our author then goes on to show that a large

percentage of the genera of the Siwalik carnivora are extinct, and belong to

European miocene types ; while in the pliocene of Europe most of the genera of

carnivores are still living. The question of the miocene or pliocene age of the

Pikermi beds is next touched upon, and M. Gaudry is somewhat naively referred

to, not only as supporting his own views as to the miocene age of these beds, but

as doing so in a volume which must certainly have been written, and probably

printed, before these views had ever been called in question2 ! Finally, our

author concludes that the Siwalik and Pikermi faunas are of the same age, and

must be referred to the upper miocene, adding the significant remark that there

must probably be some pliocene forms among the latter.

In regard to the Pikermi beds, Mr. Bose completely traverses his own axioms.

He has said that the pliocene age of the Siwaliks dan only be admitted on clear

stratigraphical evidence, and yet in the case of the Pikermi beds, he deliberately

ignores the fact brought forward by Mr. Blanford,3 that they rest on beds with

a marine pliocene fauna.

In regard to the Siwaliks, Mr. Bose appears not to have seen the full bearing

of his own premises, and to have just missed the one legitimate conclusion to be

derived from them. He speaks of the admixture of miocene and pliocene forms

in this formation, and yet, apparently led away by the preponderance of miocene

genera, says that the whole formation must be of miocene age, not recognising

the circumstance that the first appearance of a genus is of far more significance

than its last appearance. Consequently, such forms as the horses, the oxen,

the elephants, and the bears are forcibly dragged down into the miocene, when

1 Zoo. oil., p. 581. The same conclusions are repeated in a later memoir : " Memoirs Geolo

gical Survey of India," Vol. XVII, p. 66.

' The miocene age of the Pikermi beds was firet called in question by Mr. W. T. Blanford

in "Nature" for September 5th, 1878: the volume quoted by Mr. Bose " Les Enchainementi

du Monde Animal, &c," in which M. Gaudry's latest opinions are expressed, was published in the

same year.

• " Manual," p. 584.
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they are unknown in Europe before the upper pliocene.1 One instance of the

presence of such essentially modern genera in a formation appears to me to far

outweigh the presence of a number of somewhat older genera, which may

perfectly well be survivals. As Mr. Blanford has pointed out,4 the Indian and

African regions are now the sole habitats of most of the larger mammalia allied

to those of the miocene and pliocene ; and there is consequently a very strong

presumption that in these favourable regions the tertiary mammalia may have

lingered longer than in other parts of the globe, which have not enjoyed a

tropical climate in modern times.

In regard to the time of its appearance, the genus Equus is of especial signi

ficance, since its evolution has been worked out with a great degree of probability

of correctness by Professors Marsh and Huxley. Professor Huxley's words are

as follows :—" Firstly, there is the true horse [previously stated to occur in

Europe ' in the quaternary and later tertiary strata as far as the pliocene for

mation']. Next we have the American pliocene form of the horse (Pliohippus).Then comes the Protohippus [also pliocene], which represents the Euro

pean Hipparion But it is more valuable than the European Hipparion,

for the reason that it is devoid of some of the peculiarities of that form—

peculiarities which tend to show that the European Hipparion is rather a

member of a collateral branch than a form in the direct line of succession."'

In a neighbouring paragraph, the professor remarks that we must probably

M look to America, rather than to Europe, for the original seat of the equine

series." If this view of the evolution of the horse be at all correct, namely,

that it was evolved in America from a form unknown before the pliocene, it is

absolutely impossible that it could have lived in Asia in the miocene. In India,

remains of the genus Equus have never been obtained in Perim Island,4 Sind,

1 In his pnper on the classification of the tertiaries of Europe by moans of the mammalia

(Qnnr. Jour. Geol. Soc., London, lb80), Mr. W. B. Dawkins lays great stress on these genera a*

being characteristic of the upper pliocene. In the same paper (p. 389), however, the Siwaliks, in

which all the genern occur, are quoted as miocene. In his late work " Early Man in Britain"

(p. 167), the pleistocene age of the Narbada series is accepted. Mr. Dawkins would seem to

be unaware that Bubalus palcrindicus occurs in the Narbadas and the upper Siwaliks. It may

be noted, in passing, that in the last passage cited, Bos palaindicus is put for Bubalus pala

indicus, and Bubalus namadicus for Bos namadicus. The same error was made in Mr. Dawkins'

earlier work—" Cave-Hunting" (p. 428), and was pointed out by myself. (" Pal. Ind," Ser. 10,

Vol. I, p. 138.)

" Loe. cii., p. 582.

s " American Addresses," London, 1877, Lecture III, pp. 80, 86, 87. See Gaudry's " Lei

Enchainements du Monde Animal, etc.," Paris, 1878, Chapter V. Also, Hanghton's " Six Lec

tures on Physical Geography," Dnblin, 1880, p. 282. Professor Marsh is of opinion that the

American strata, classed as the homotaxinl equivalents of the tertiarics of Europe, are chronologi

cally somewhat older than those of Europe. On this hypothesis it is easy to see how a form

originating in America in one geological period may have reached Europe or Asia during the same.

* Equus was stated by Falconer to havo been found in Perim Island ; the remains, however,

are really those of Hippotkerium. It is somewhat noteworthy that before the American horse-like

animals were known, Professor Huxley, probably relying on the supposed miocene age of the

Siwaliks, quoted the genus Equus as occurring in the miocene (Presidential Address to the Geo

logical Society, 1870, p. xlix). Subsequently, however, he has always alluded to it as being

unknown before the pliocene (See " Critiques and Addresses", London, 1873, p. 308, and

" American Addresses", loe. cii).
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the Western Punjab, or Burma ; and such as have been obtained from the typical

Siwaliks by Mr. Theobald are derived, I believe, from beds very high in the

series, probably the same as those yielding Camelus and Bubalus palceindiciu,

which Mr. Blanford is inclined to refer to the upper pliocene.

Again, mastodons are unknown before the middle miocene, and, in Europe,

the true elephants before the upper pliocene. Now, it is almost certain that the

mastodons are the direct ancestors of the elephants, and if the origin of the

latter is carried back to the upper miocene, it is doubtful if there would be

sufficient time for their evolution.

The local survival of old forms to a later stage, in place of presenting great

difficulties, appears to me what is only natural to expect. It is quite true, as

stated by Mr. Bose, that we do not find many extinct genera in the pliocene

of middle Europe ; but this is probably due to the fact that in later tertiary

times the climate was unsuited for tropical forms, which most of the miocene

mammals probably were. In South America and Australia, a vast number of

extinct genera lived on into the pleistocene, and it is probable that most even

of the pleistocene mammals of that country are now extinct. •

There is one other point which, though not touched upon by Mr. Bose, is of

very considerable importance in relation to the age of the Siwalik fauna ; this is

the relative degree of specialisation of the animals, not as regards the whole

mammalian class, but the particular genera to which they belong. In the paper

already quoted, Mr. B. Dawkins has applied this test to the mammals of the ter-

tiaries of Europe, and has shown that a regular ascending scale in the specialisa

tion or development of certain parts of the frame, such as the feet, the teeth, the

horns, and the antlers, can be traced as we ascend through the tertiaries to the

present time. Mr. Dawkins has shown that in the upper miocene of Europe, the

antlers of the deer, though somewhat larger than in those of the middle miocene,

were still small, and never carried more than three single tynes throughout their

length. The pigs were also provided only with very small canines. The

rhinoceroses had all low-crowned (brachydont) teeth,2 and in the ruminants, as

shown by Professors Gaudry and Lartet, the central pits in the teeth were less

deep than in living species. The horns of the antelopes were still small. Oxen and

horses were unknown. In the lower pliocene none of the deer possess large

antlers, nor had the pigs large canines. In the upper pliocene, oxen in which the

females were often ' polled' appeared, and Mr. Dawkins is doubtful whether any

of the females were furnished with horns. The antlers of the deer attained their

full development. The rhinoceroses (except R. etruscvs) had high-crowned

(Jiypsodont) teeth, and the pigs had large canines. The pits in the teeth of the

ruminants had attained their full depth, and the antelopes had long horns. The

horses had attained nearly their highest specialisation of the feet bones. In the

pleistocene all the oxen were furnished with horns, and the feet of the horses had

attained their highest development.

1 As I have stated elsewhere (Pal. Ind., Ser. X, Vol. I, p. xii), I helievc, taking the whole

world, most of the pleistocene mammals are extinct, though this is not the case ill Europe.

■ Quar. Jour. Geol. Soc, Vol. XXIV, p. 214.
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Tffiuing now to the Siwaliks, we find, oxen present in large numbers, some of

which, according to Professor Rlitimeyer, had hornless females, while others bore

horns in both sexes, which in some species attained enormons size.1 An unde-

scribed antler in the Indian Museum shows that the deer in this respect had at

tained as high a development as the living Asiatic deer. Several of the rhinoce

roses had large horns, and they had all high-crowned teeth* ; and the pigs had

large canines (shown by a specimen in the Indian Museum). The pits in the teeth

of the higher ruminants were deep,* and the antelopes seem to have had long

horns. The horses had attained their greatest specialisation in their feet. The

canines of Machairodus had not attained such a large development as in the pleis

tocene species.

The above comparisons are so self-convincing that it would be waste of time

to dwell longer upon them : they show in the most unmistakable light that the

mammals of the Siwaliks had attained a stage of condition at least as high as

that attained by those of the miocene of Europe.

But there is yet another aspect from which Mr. Bose's conclusions may be

objected to : he first of all purposely goes out of his way to endeavour to prove

that all the Siwalik fossils must have been derived from nearly the same

horizon, and then is puzzled by the admixture of forms. The fact probably is

that, at all events, many of the pliocene forms do really occur in a higher zone

than the miocene, and, though there is undoubtedly a gre at mixture of the two,

this is probably not so great as Mr. Bose supposes.

Then again, Mr. Bose appears to consider that the whole of the fossili-

ferous series of the Siwaliks must of necessity exactly agree with one or

other of the typical periods of the European rock-series. This, on the face

of it, is such an improbable—nay, impossible—supposition that it scarcely re

quires refuting. The whole Siwalik formation consists of one continuous series

of rocks from the nummulitics up to the topmost conglomerates, containing

remains of Bubalvs palceindicus, scarcely distinguishable from the living buffaloe.

Since it is probable that fossils occur through a very considerable thickness of

this series, taken as a whole, it is, on the face of it, an absurdity to say that

the whole of these strata must exactly correspond with the upper miocene of

Europe, and that none of them could have reached up to the pliocene.

On the contrary, finding a continuous series of strata containing mammalian

remains which present both pliocene and miocene affinities, and in which though

the exact horizon of the fossils is often unknown, yet as far as this can be

determined, the older types occur in the older beds, the only legitimate deduction

is, that we have a transitional series from one period to another, and that to a

considerable extent the older forms have survived among the newer. Hence,

taking the Siwaliks as a whole, I cannot see that Mr. Bose has adduced such

■ See ■ Pal. Ind.,' Ser X, Vol. L

■ Boyd-Dawklns : Quar. Jour. Geol. Soc., Vol. XXIV, p. 215. Struck with this peculiarity,

V r. Dawkins in tb is passage suggested his doubts as to the miocene age of the Siwaliks, a state

ment which he appears subsequently to havo forgotten.

3 Pal. Ind., Ser. X, Vol. I, p. 65.
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evidence as to render necessary any change in the views of the Indian Survey

as to the age of these rocks.

When treating of the Siwalik fauna as a whole in a recent publication,1 this

series has been termed by myself the "mio-pliocene,"! which expresses my own

idea of its hornotaxis. For this term some might prefer to substitute the " neo-

gene " of continental writers.

I now proceed to discuss the evidence on which some of Mr. Bose's new

species are founded.

Hyjsna sivalensis, Falc. <fe Caut.

(H. sIVaLENsIs <fe H. FELINa, Bose.)

On page 128 of his paper, Mr. Bose describes one of the Siwalik hyaena skulls

in the British Muscim as H. sivalensis of Falconer and Cautley ; while on

page 130 a second hyaena skull, in the same collection, is referred to a new species,

under the name of H. felina. The claims of this second skull to specific distinc

tion rest on the absence of the first premolar, the approximation of the canine to

the second premolar, and on the small size of the true molar.

The British Museum collection appears to contain only these two skulls of

Siwalik hyaenas, and of these there are casts in the Indian Museum. The collec

tion of the latter, in addition to these casts, also contains two nearly complete

skulls, and the anterior half of a third skull : we have, therefore, fuller

materials than were available to Mr. Bose. Of these three skulls one presents

the normal dentition of the hysena, that is, there are four premolars, the canine is

placed at a considerable distance from the second premolar (0"6 inch), and the

true molar is of the average dimensions (0-69 x 0'35 inch). In the second skull

the first premolar is absent, and the second approximated to the canine (interval

== 0'22 inch) ; the true molar has, however, nearly the same dimensions as in

the first skull (0'6 x 0-3 inch). In the third skull the first premolar is likewise

absent, the interval between the second premolar and the canine is intermediate

between the corresponding interval in the other two skulls (0-3 inch) ; while the

true molar is very small (0'4 x 0'23 inch).

The first skull corresponds to Hyamajivalensis as restricted by Mr. Bose ; the

second in regard to the premolar and canine corresponds to H. felina, whilst as

regards its true molar, it corresponds to H. sivalensis ; the third agrees with

H. felina in regard to the absence of the first premolar, and the small size of the

true molar, while in the length of the interval between the canine and second

premolar, it is intermediate between H. felina and H. sivalensis.

The first skull would certainly be referred to the restricted H. sivalensis, the

third probably to H. felina, while the second presents intermediate characters

between the two and could not be referred to either. It is, therefore, quite clear

that the characters of the new species are not of specific value, and that conse

quently there is only one known species of Siwalik hyama, which must be called

H. sivalensis.

1 " Journ. As. Soc., Bengal," Vol. XLIX, p. 6, et teq.

' I am quite aware that this term is etymologicnlly indefensible ; but if the words miocene

and pliocene are treated as purely nbstrnct terms, apart from their original meaning, there can be

no objection to formfrom them a compound term.
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It may be added that there is not unfreqnently a considerable amount of

variation in regard to the number of teeth present in the same species of carni

vora. Professor Huxley has recently 1 noticed the variation in the number of the

molar series in the genera Otocyon, Canis, and Kuon, (Cyon) among the Canidce.

Among the Felidce the occasional presence of an additional lower premolar in the

tiger has been noticed by myself* ; and an additional molar also occasionally

occurs in the common cat.' In the bears, there is also a considerable variation in

the number of the premolars. In the Siwalik hyaena the suppression of the first

upper premolar seems to have been of very common occurrence, as far as can be

judged from the limited number of specimens at our command. The diminution

in size of the upper true molar is a less frequent character. Both these deviations

from the normal hyaena type of dentition are in the direction of greater specialisa

tion, and possibly, as Mr. Bose thinks, indicate an inclination towards the feline

type.

Machairodus 4 sivalensis, Falc. & Caut.

(M. sIValENsIs & M. Pal^INDICUs, Bose.)

In treating of the remains of the Siwalik Machairodus, Mr. Bose s has sub

divided the one species, M. sivalensis, determined by Dr. Falconer, into two, to

which he applies the names M. sivalensis and M. palosivdicus. In this case also

it appears to me that the remains should all be referred to one species.

The remains of Siwalik Machairodus in the British Museum appear to consist

of two crania, two upper jaws, and four lower jaws, all in a more or less broken

condition. The two skulls, and two of the lower jaws, Mr. Bose refers to his new

species, the main distinction of which appears to be its greater size. In the

Indian Museum, we have a fragment of a lower jaw, with three teeth, very like

one of the British Museum specimens ; part of a single upper canine, and the

binder part of a young skull.

The main grounds urged by Mr. Bose for referring his specimens to two

species consist in their alleged difference in size. One species, to which are

referred all the specimens with perfect teeth, is said to be about the size of the

jaguar, and the other, to which the skulls and two broken lower jaws are assigned,

is said to be nearly equal in size to the tiger.

In the following table are given the measurements of the lower carnassial

tooth of a large and a small tiger, and also of the same tooth in the so-called

small Siwalik Machairodus (M. sivalensis) : the two specimens from which the

latter measurements are taken are (a) the more perfect of the two British

1 " Proc. Zoological Soc.," 1880, p. 285.

» « Journ. As. Soc, Bengal," Vol. XLVII, pt. IT, p. 2.

1 See "Nature," Vol. VI, p. 394; the skull referred to in this passage is now In the museum

of the Boyal College of Surgeons.

4 I adhere to the original Machairodus in place of the new fangled Machcerodus (and

similarly AcerotAerium for Aceraiherium), ns it appears to me that when a name has once been

assigned, it is far better that it should take its place as an abstract term, without any reference to

its origin. An; subsequent etymological alterations are to my mind frivolous.

4 L. «, pp. 122—125.
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Museum specimens mentioned on page 125 of Mr. Bose's paper, and (b) the

above mentioned specimen in the Indian Museum :—

Machairodus. Felis tigrit.

(a) (b) , ,

Length of lower carnnssial ... 0 92 1-03 0'93 M3

These measurements show that the lower jaws of the Machairodus belong to

an animal which may be said to be practically as large as the tiger, and there is,

therefore, as far as these specimens go, no reason for separating them from the

species- to which the skulls are referred.

On page 127, Mr. Bose gives the length of the upper carnassial tooth of M.

sivalensis as 1"3 inches. The lengths of the corresponding tooth in the two tiger

skulls of which the lower carnassial has been already measured, are respectively

13 and 1'42 inches. In this respect, then, the so-called small Machairodus

corresponds in size very closely with the tiger.

There now only remains the lower jaw figured by Mr. Bose,1 and referred to

the larger species(J/. palazindicus). This specimen does not contain the car

nassial tooth, but the base of the preceding premolar is preserved. In the fol

lowing table the dimensions of this tooth are given (c), those- of the correspond

ing teeth in the jaws referred to M. sivalensis (a b), and those of the corre

sponding teeth in the two tiger skulls.

ifackairodu» F. tigrit.

a b 0

Length of last premolar .., ... 0-75—0-85—0-9 0-9 1-0

The last lower premolar in the Machairodus jaw in the Indian Museum is

thus seen to be intermediate in size between the corresponding teeth in the British

Museum specimens, and the limits of variation between the three are much

the same as those occurring in the teeth of the tiger.

It has now been shown that all the known teeth of the Siwalik Machauodus

indicate that they belonged to an animal " nearly equalling in size the royal tiger

of Bengal," and as the last expression has been used by Mr. Bose to indicate the

animal to which the skulls belonged, there appears to be no question but that

all the remains must be referred to one species, viz., M. sivalensis. The slight

difference in the form of some of the lower jaws is probably owing to differences

in the sex and age of the animals to which they belonged.

Felis ceistata, Falc. and Cant.

(F. ceistata, and F. geandicristata, (?) Bose.)

On page 127 of the paper under consideration, the author notices an im

perfect cranium of a large feline from the Siwaliks, in the collection of the British

Museum, which he is inclined to consider as distinct from Felis cristata of

Falconer and Cautley, and for which the provisional name of F. grandicristaia

is proposed.

1 L. o, PI. VI, 6gs. 1, 8.
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The grounds for the proposed specific separation of the specimen in question,

are that it belonged to an animal larger than F. cristata, and that the sagittal

crest is more developed. The typical skull of the latter species is depicted on

Plate XXI of Vol. IX of the " Asiatic Researches," and described by Dr. Fal

coner in the accompanying memoir : this memoir is reprinted on page 315 (et

seq.) of the first volume of the " Palaeontological Memoirs."

The type skull of F. cristata is characterised by the relative shortness of

the facial to the cranial portion, but as the former portion is wanting in the

specimen described* by Mr. Bose, an exact comparison between the two in this

respect cannot be instituted. On referring to the measurements of the two crania

given by Dr. Falconer1 and Mr. Bose, 1 it will be seen that of the two common

measurements, the breadth of the united occipital condyles is respectively 2'2,

and 2'7 inches, and the width of the skull across the zygomae 8"0 and 8'1

inches. In respect" of the condyles Mr. Bose's specimen is undoubtedly the

larger, but in the width of the zygomae the two skulls are practically the

same. In regard to this part of the skull, Mr. Bose remarks : " the depth of the

mesopterygoid fossa, as well as the length of the basicranial axis, is veiy nearly

the same as in the larger individuals of [the] tiger ; but the breadth of the cra

nium at the zygomatic arches is proportionately much the same."3

Now, on referring to Falconer's description of his specimen,* it is said : " the

parietals are longer than in the tiger. .... The occipital is large

in all its dimensions. It greatly exceeds that of the tiger of the same size in

height, and equals that of the large tiger, No. 2." In a following paragraph the

nasals are shown to be smaller than those of the tiger, and in the table of

measurements the width across the zygomae is given as much less than in the

tiger.

Comparing these two descriptions, it will be apparent that both fossil skulls

belong to an animal in which the hinder part of the skull (basi-cranial axis in one,

and parietals in the other, taken as comparisons) is at least as long, or longer,

than in the tiger, while the width across the zygomae is less. The two skulls,

therefore, clearly have the same general proportions. The greater development

of the parietal crest in Mr. Bose's specimen appears to me merely to be due

to difference in age or sex. As to the alleged difference in size of the speci

mens, this point appears to be very slight : we have already seen that the two are

of the same width across the zygomae, while in some of the other measurements

Mr. Bose's specimen appears to be intermediate between Falconer's specimen and

the tiger. The following five measurements show the width between the postorbitary

processes of the frontals in (a) Dr. Falconer's specimen, in (6) Mr. Bose's

1 Pal. Mem., Vol I, p. 317.

» L. c, p. 128.

* It is somewhat difficult to understand the latter part of this sentence, as the skull in question

is said to be as large as that of the tiger, and yet the width across the zygomoe is less (-1, in

place of Sr5, or 10, inches),—vide Falconer's table of measurements.

4 Lot. cit., p. 319.

I
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specimen (taken from a cast), and (c) in the large skulls of the tiger measured

by Dr. Falconer, and in a smaller one from my own collection.

Width of frontal postorbitary processes : —~ -J^=- , '* ..

In this respect, therefore, the variations in size between the two fossil specimens

are by no means so great as those occurring in the skull of the tiger ; and

from this, and the considerations already mentioned, there appears to me to be no

evidence for assigning the former to two distinct species. 1

Cams curvipalatus, Bose.

In regard to this species, of the validity or nonvalidity of which I have no

means of judging, I have only a few remarks to make.

It appears that the descriptions of the species given in Mr. Bose's paper are

not intended as merely preliminary notices, but as final descriptions of the newly

named species. Now, in regard to the new species, Canis curvipalatus, described

on page 134, there is no figure given of the specimen on which the species is

founded ;a neither are any dimensions appended, while the description is of the most

meagre kind. A slight comparison is made between the specimen and the skulls

of certain foxes ; but in general the specific names of these animals are omitted,

and in several cases it appears impossible to say whether Indian or European foxes

are referred to. The same looseness of names is observable on the preceding

page, where "living Indian otter" is the Only name assigned to a skull whose

measurements are given.

The imperfection of the description of Canis curvipalatus is such that it is

quite impossible to determine whether or no a palate of a Ganis from the Siwaliks

in the Indian Museum belongs to this species.

The Siwalik Group of the Sub-Himalayan region.—By W. Theobald,

Deputy Superintendent, Geological Survey of India?

1. The present notes are the result of several seasons' work among the newer

tertiary rocks of the outer Himalayan region, between the Sarda river on the

east and the Indus on the west, and I shall only incidentally allude to the exten

sion of the group over a larger area.

1 It may be mentioned that in a paper by myself in the Jonrnal of the Asiatic Society of Bengal

(Vol. XL1X, Ft. II), the three above noticed species of carnivora described by Mr. Bose are

admitted into the list of Siwalik mammals. Mr. Bose's paper had not then reached India.

> Reference is given to an old and bad figure by Baker and Dnrand.

3 I would fain have spared our readers the display made in the first 17 parngraphs (and

others) of this paper. Had such foolish criticism been directed against any one else, I might have

expunged it, as our Records have already been too much disfigured with Mr. Theobald's style of ob

servation and discussion, but as applied to my own work I prefer to let it stand. If, indeed, there

had not been a double official claim involved—the demand for some account of Mr. Theobald's

services for the last six years and bis own partial right to appear in these pages—I should have

declined the article, as full of misleading statements and altogether an almost useless contribution
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2. Previously to the examination of the Sub-Himalayan region by the officers

of the Geological Survey, little was definitely known regarding the Siwalik group,

beyond the fact that it was composed of a vast assemblage of beds of tertiary

age, wherein were entombed the remains of an extremely rich fauna, and the

collections sent to Europe by the early investigators excited the utmost interest,

not only from the novelty and variety of the forms, then first made known to

science, but from the speculations they gave rise to as to the age of the beds

which had yielded them, some of the fossils clearly indicating a pliocene age,

while others, no less, according to European experience, pointing to an older

period. Matters were in this state when the publication of Mr. Medlicott's

memoir and map of the country between the Ganges and Ravi in the 3rd volume

of the Memoirs of the Geological Survey threw a flood of light on the ground

rendered classic by the labours of Durand, Baker, Cautley, and Falconer, &c., and

for the first time a detailed description, illustrated by maps and sections, was

given of the physical and structural features of the vast group of beds collectively

known as ' Siwalik,' in a word, Mr. Medlicott's memoir left little to be added

by future observers, within the area treated of, and served as a point of departure,

quoad classification and nomenclature, for all subsequent work connected with

Himalayan geology.

3. Now, one of the most important discoveries enunciated in connection with

the Siwalik group in the above memoir, was, that instead of consisting of one

homogenous group of beds, it really comprised two groups, separated by a pro-

digious unconformity ; for the younger of these groups the term ' Siwalik ' was

retained, whilst the older group was named ' Nahan ' from the town of that

name in the Kaiarda ' Dun,' near which town the clear unconformable section

occurred, whereon Mr. Medlicott based his classification, and this original view

or interpretation of the section at NShan, involving the essential] unconformity

between lower Siwalik, or ' Nahans,' and upper, or ' Siwaliks ' as now restricted,

enunciated and set forth in 1865, is still maintained and upheld in the Manual of

Geology in 1879 (p. 524). 1

4. That there may be no misapprehension on this point I will quote briefly

Mr. Medlicott's latest words from the Manual of the Geology of India, when

speaking of this unconformable junction of Nahan (p. 536) : " It was from the

examination of this junction that a clear separation was proposed between a

Siwalik and a Ndhan group. It is not yet proven that such a separation is not

maintained eastwards, throughout the middle Himalayan region, but it is

to our knowledge of the formntions of whiob it treats. We have already had more than enough

of bird's eye views of the Sub-Himnlayan rocks : in the memoir published in 1864, I endeavoured

to give a critical study of the structural features upon the apprehension of which a right in

terpretation of the rocks depends ; Mr. Theobald was cxpressjy commissioned to correct or extend

that detailed work ; but he can hardly be said to have recorded a single obtervation bearing

upon the point: those questions stand now exactly as I left them. I have endeavoured to explain

to Mr. Theobald what I consider to be his mistakes, but in vuin : the pnper is now printed from

the proofs as corrected by the author. It only remains for me to indicate in foot-notes somo of

the most misleading statements.—H. B. Medlicott.

1 As expressly stated " for use within this special region."—H. R. M.
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certainly not distinguishable to the north-west, and so a compromise has been

adopted to speak of the inner or ' Nahan ' zone and its representative rocks else

where as lower ' Siwaliks'."

5. These are intelligible words enough, but if we turn to the tabular arrange

ment of the tertiary groups at page 524, we find therein a very lame and imper

fect reflection of them. The tertiary rocks are there divided not into three, but

into hco unconformable groups only, a ' Sirmur' or eocene group and a ' Siwalik '

group, simply characterised as upper, middle, and lower, all bracketed together, as if

no such gap as that which supervenes above the ' Sirmur' separated the lower or

'Nahan' ' Siwaliks ' from the rest. This is more remarkable, as a miocene group

is unrepresented, and the great 'Nahan' series, alike unconformable to the

' Sirmur' below it, and the ' Siwalik' above it (of known pliocene age), would

exactly fill the gap. This mode of compromising a question of fact (which really

admits of no compromise), has certainly the advantage of being very embarrass

ing to pertinacious critics and objectors, as any one who wishes to dispute the

proposition laid down on page 524 can be triumphantly met and hampered by

a totally different version contained on page 536 and in Introduction xvii. I

object moreover to the misuse of the word ' compromise ' in the passage

I have quoted, as it seems to me something quite different. ' Siwalik ' beds

near Nahan are seen to rest unconformably on others to which the term

' Nahan ' is given to distinguish them. These type ' Nahans' are assumed to be

' Siwaliks,' as well as those above them, and hence the term ' Nahan ' comes to be

applied elsewhere to undoubted lower ' Siwaliks.' I do not call this a " com

promise " in any sense, but merely begging the question at issue which is simply,

are the beds at Nahan (the type ' Nahans ') which unconformably support upper

'Siwaliks,' themselves 'Siwaliks' also, or are they not? To dub them' with a

name (lower ' Siwaliks ' or ' Nahans ') where it is uncertain if they are anything

of the sort, and then to extend the term to lower ' Siwaliks ' elsewhere, whose

relations entitled them to be so regarded, is neither proof nor compromise that

I can see.1

6. One of the first results of the announcement of a great unconformity tra

versing the Siwalik group at Nahan was the hope, which it at once gave rise to,

that the key had at last been discovered to the puzzling mixture of animals of

miocene and more modern types in the same series of beds, and on my being

directed to take up the examination of the ' Siwalik ' group or groups, with

special reference to the separation and discrimination of a ' Nahan ' from a

' Siwalik ' fauna, no one could have entered on the task assigned me more

hopefully than I did, or with a more loyal acceptance or belief in the reality

of the conclusions at which my colleague Mr. Medlicott had arrived.

7. True it is that the small cloud, usually described as no bigger than a

' man's hand,' though it is ultimately found to conceal the tempest in its skirts,

1 A provisional nrrangement explicitly made pending the final settlement of a difficulty is,

I think, correctly called n ' compromise.' Mr. Theobald was expressly sent to that ground (in 1873)

to clear up those difficulties; he has done so by ignoring them, and he would now substitute

arbitrary derisions for s-afo and intelligible compromise. There arc no unexplained discrepancies

in the ' Manual' on this score.— H. B. M.
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might even then have been discerned, could any suspicion of future difficulties

have been entertained to damp the enthusiasm of the hour. In the very memoir

quoted, Mr. Medlicott admits that the total unconformity displayed by the

' Nahan ' and ' Siwalik ' groups on the Markanda, near Nahan, had entirely

disappeared before reaching the Sutlej, and a note is appended to the map that

the colour boundary between the two groups on that river is a purely arbitrary

one. This unexpected behaviour of the boundary had not, however, then, the

same weight or significance which it subsequently acquired, as it was impossible

to divine beforehand which condition, that of conformity or unconformity, con

stituted the rule, and which the exception as regarded the relations of the then

newly dissevered groups, the ' Nahan ' and ' Siwalik,' to one another.

8. A serious difficulty was, however, soon to be encountered. It was abund

antly clear, that if any trustworthy separation was to be effected between the

' Nahan ' and ' Siwalik ' faunas, it would be necessary in every case to be able to

return an unequivocal answer to the question, as to which of the two groups, any

beds which had yielded fossils should be referred, and here was the ' rub.' No ini

tial aid was afforded by the type section on the Markanda near Nahan ; as there the

' Nahan ' beds were totally unfossiliferous, whilst at a very short distance [80 miles]

from that spot, all unconformity between upper and lower ' Siwaliks ' disappeared,

never to be redetected, so I was necessarily compelled to the shift of adopting the

best provisional scheme of classification I could, if I did not abandon the attempt

I had in hand as hopeless, and if every successive scheme I could think of proved

untenable and contradictory, the result, I must maintain, was due rather to the

inherent conditions of the problem I was set to solve, than to any failure of my

own to make the most of the materials before me. This, I think, can hardly be

gainsayed when it is remembered that the faunal separation I was endeavouring

to effect was really attempted to be carried out in a group of beds which seem

everywhere else to be one and indivisible, both faunally and lithologically, and

which nowhere in the Himalayan region, save in the vicinity of Nahan, has dis

played throughout its enormous area and thickness any trace of unconformity or

interruption of conditions of deposition, whilst, at the same time, it is character

ised throughout, as a whole, by a wonderful uniformity over large areas of litho-

logical character, and the gradual and insensible |manner in which the change in

mineral character in its beds, vertically, is brought about.

9. The section near Nahan, as hitherto interpreted, has indeed ever been a

sort of bed of Procrustes, to which all who would handle ' Siwalik ' questions were

expected to conform, and its bearings are far from confined to the bald issue of

conformity or the reverse between upper and lower ' Siwaliks,' but embrace the

solution of such important questions, as the nature of the rock boundaries, whether

faulted or natural, which bound the whole region of these deposits. Without,

however, travelling beyond the simplest issue that can be raised, it will be well

to consider the question, " are the ' Nahan ' beds on the Markanda, which

support unconformably upper ' SiwalH-s,' themselves of ' Siwalik ' age, as Mr.

Medlicott insists, or are they not ? and if not, then what are they ?

10. It would of course be most satisfactory if we could solve this question by

ruference to Mr. Medlicott's own memoir, wherein he establishes the distinction.
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but it is unfortunately not so clear as could be desired what was the chief reason

which weighed with Mr. Medlicott in so regarding them. Reference to the above

memoir leaves no manner of doubt as to what the conclusion was, hut quite

otherwise as to the reason for such conclusion. By personally referring the

matter to my colleague, however, I am able to say that this reason was fossil

evidence, and this statement I am bound to accept, but 1 should not have deduced

as much, unaided by Mr. Medlicott himself, from his own words at page 14 of

his Memoir, where he distinctly says : " These giant fossils are found through

some thousands of feet in thickness of the ' Siwalik ' rocks, but my most patient

search and enquiry on the spot has hitherto failed to trace one single fossil to the

Ndhan beds." This fact, coupled with the total unconformity of the two sets of

beds, does seem rather a Hibernian reason for classing them together as Siwalik,

thereby giving rise to the great ' Siwalik ' unconformity, which has proved a very

' incubus ' of Sub-Himalayan geology. 1

11. It is trno, no doubt, that a little before the sentence above quoted, Mr.

Medlicott writes : " The distinctness thus established physically between the two

groups is borne out in a most important manner by fossil evidence." Unless ' fossil

evidence ' means here the absence of fossils, this assertion simply stands in the

baldest antagonism to facts, as neither at the time Mr. Medlicott wrote nor since,

has a single specifically determinable fossil been found in the Nahan beds of the

Kaiarda or Dehra ' Duns.'

12. Of course there is something behind all this insistence on fossil evidence.

It appears that although Mr. Medlicott never himself could find fossils in

' Nahan ' rocks, yet others have, in his opinion, done so, but I propose to show,

that if Mr. Medlicott is correct in the view he takes of the discovery of fossils

near Nahan, it not only does not bear out the inference he deduces therefrom, but

actually seriously militates against the classification he adopts.

13. By reference to page 15 of Mr. Medlicott's memoir, it will be seen that in

1834 (or thereabouts) Lieutenant Durand discovered a fossiliferous bed of clay

" on the north face of the mountain on which the town of Nahan stands,"

identical with a bed previously known in the Kalawala pass east of the Jumna.

From this statement Mr. Medlicott deduces three conclusions, one, in my opinion,

undoubtedly erroneous, the other two probably no less so.

14. The erroneous conclusion is, that the fossils in question belong to lower

Siwalik beds. If we divide the Siwalik group vertically into three equal divisions

(and there are no grounds for dividing it unequally), then I do not think that

any rocks exposed between the Jumna and Ganges will fall between the lower

group, and unless the fossil locality of the Kalawala pass was very low in the

section, certainly it would not, yet this is the cardinal reason for classing

' Nahans ' as lower ' Siwalik.' Of course the temptation to do so is great, rather

than call them middle ' Siwaliks,' as the difficulties attending an unconformity

1 In the Memoir quoted the name ' Siwalik ' was restricted to the outer rocks and * Nahan '

to the inner. The 'compromise' was made fifteen years Inter, in the ' Manual,' in view of the per.

sistent continuity of the stratigraphical sequence west of the Sullej, and of the still valid presump

tion that Cantley had found fossils in the true Nahan beds, as was clearly explained from the

first (Memoir, p. 16).—H. B. M.
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between lower and middle ' Siwaliks ' would be vastly enhanced by placing the

unconformity between middle and upper ! Secondly, Mr. Medlicott appears to me

to attach a meaning to the words " on the north face of the mountain on which

the town of Nahan stands," which they do not of necessity bear, that is, in under

standing the words to be equivalent to 'due north of Nahan.' Now, we talk of

Lahore being north of Calcutta, not thereby meaning on the same meridian, and

in like manner, the words above quoted do not necessarily mean a spot in the

vicinity of Nahan at all ! Thirdly, supposing Mr. Medlicott to be correct in

referring the spot in question to the immediate vicinity of Nahan, towards the

base of the hill to the north, what grounds are there for confidently referring the

fossil (of which by the way we know nothing) to his ' Nahan ' beds. Undoubt

edly were there here no unconformity, he would be justified in so doing, but with

an unconformable overlap of * Siwaliks ' with great unconformity, on to an older

group, why may not the fossils in question be as reasonably (if not moro so, all

things considered) referred to an ' outlier ' or detached pocket of ' upper Siwaliks '

among the older beds, or within their area, than to the older beds themselves,

which his own careful search has shown to be unfossiliferous ? Totting up these

facts, on what a lame and impotent syllogism does not the ' Siwalik ' unconformity

seem to rest ? e. g., ' lower Siwalik ' fossils I believe occur north of Nfihan. The

only rocks I know north of Nahan unconformably underlie Siwaliks, hence these

unconformable rocks are ' lower Siwaliks ' also." The facts being, first, the fossils

in question are not ' lower Siwaliks' ; second, there is small proof of their, occur

ring where Mr. Medlicott supposes them to occur : third, it is altogether doubtful

if they occur in the beds Mr. Medlicott supposes them to ! and this is the sum

total of the important fossil evidence on which no specifically known fossil plays

any part ! !—" Solvwntur risu tabulce."1

i Mr. Theobald's 'firstly ' is on]; an ' I do not think.' As to his ' secondly? I must confess I

did, and do still, shrink from attributing to Colonel Cantley and his colleagues such imbecility as is

here imputed. The ' thirdly ' is an instance of the ease with which Mr. Theobald adopts any

fancy that suits the notion he is advocating : any overlap-outliers of the upper Siwaliks in the

N£ban area here could only be of the brown or ochrey clays, or of the soft conglomeratic sand

stones that occur along the main boundary close by ; whereas Colonel Cautley's description (as

quoted in my memoir, p. 16) leaves no room for doubt that the bed he describes belonged to the

older rocks. It may be well to give the fullest authentication to a fact of so much interest by

publishing here the full extract from Sir Proby Cautley's letter (dated 26th February 1859) in

answer to my special inquiries about the fact in question :—" There is no doubt whatever of the

fact of vertebrate auimals (fossil) having been found on the Himalayan side of Nalinn. I had

been long mixed up with the geology of the Siwaliks near the Eastern Jumna canal heads, and had

found numerous fossils in a stratum which for want of a better name 1 called ' clay marl '—a sort

of hard clay conglomerate much impregnated with iron; this iron affected the fossils and produced

them in a state approaching to hydrate—black and very perfect—Saurian, Ruminant, horse in

both molars and incisors, and a great variety of animals were disinterred by me out of this clay

marl ; the fossils merely consisted of teeth and bits of bone ; there were no symptoms of skeletons,

in fact the strata of this clay marl were comparatively thin ; they underlie the shingle and sand,

and in the Siwaliks between the Jumna and Ganges are found on the plains side, and if I recollect

right not on the Dun.

" The stratum is a very remarkable one, and the fossils in it are equally remarkable. No

mistake can possibly have arisen on the subject. I found, in company with Colonel Durand,
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15. If we turn now to the lithological character of the beds as a means whereby

we might, in spite of the great unconformity, find ground for identifying the

beds termed ' Nahan ' with lower ' Siwaliks ' elsewhere, the result will be found

to be no less unsatisfactory than that deduced from the (so called) fossil evi

dence. A certain graded similarity of mineral character and aspect seems im

pressed on the clays and sandstones of the entire tertiary series, so that a con

siderable proportion of the beds of the vast whole, can be differentiated from one

another by no more marked characters than slight differences of degree in their

hardness, or slight variations in colour, and when the enormous thickness of the

whole series is considered, this is a formidable obstacle to any reliable correlation

of distant sections by mineral character only. It may be (and is) easy enough

to separate by mineral character beds on an upper Siwalik horizon from beds low

down in the Sirmur group, but it is by no means equally easy to discriminate

between ' lower Siwaliks ' and ' upper Sirmurs,' and it is just here Mr. Medlicott

has failed. The evidence whereon the ' Nahans ' are referred to the ' Siwalik '

group rather than to the ' Sirmurs ' is wholly valueless, and if there was, there

fore, no other reason than the huge anomaly of this local unconformity, it alone

the same stratum on the Himalayan or northward side of the town of Nahan, thereby showing to

rae clearly that all the formation between that and the plains, including the mountain on which

Nahan stands, were Siwaliks—at least I in my unsophisticated knowledge of geology came to that

conclusion.

" I gave over a beautiful collection of these clay marl fossils to the British Museum, which

the keeper of the Museum chose to lose, much to my regret and vexation. I believe that there is

no hope of their ever being discovered, as the vaults have been searched without success."

In a later letter (dated 16th July 1864), acknowledging a copy of my memoir, Sir Proby

Cautley again writes as follows:- " The clay conglomerate strata lie low down in the series, and

are met with at the mouth of the passes—Kalawala, Timli, &c. ; they lie under the boulder sand

stones, and are in a position far below that of the strata in which the large fossils were found.

The clay conglomerate was worked upon by me, long before the larger fossils were discovered.

Masses of this rock were carted by my orders down to Manakpur, where I resided at that time. The

rock was then deliberately broken up and examined ; the fossils found were merely saurian teeth

(detached), and teeth of horse, both molar and incisor, teeth of ruminants, rodents, bits of bone,

all of them small sized fossils strongly impregnated withiron, and quite black. The difference

between these fossils and those of the larger sandstone ones is most remarkable; they never could

be mistaken for each other. I had a most interesting and extensive collection of these clay

conglomerate or hydrate of iron fossils, which with the rest of ray museum I sent to the British

Museum. I regret to say the collection was lost, mislaid, or thrown aside, as I was, on ray return to

England, never able to find it. I have always considered the loss of this part of my collection as

most deplorable, as it contained teeth undescribed, with molars and incisors of the smaller animals

that were most exceedingly interesting. I have now by me only one specimen of this clay con

glomerate with a saurian tooth in it.

" Now, this clay conglomerate (with which I was so well acquainted in the Kalaw&a and

other passes) with hydrate of iron saurian teeth, was discovered by Durand, when Baker and I

were with him, on the Himalayan side of Nahan. The fossils that Falconer describes as found

by him, and of which he got so large a share, were below Nahan, on the tide towards the plains.

Falconer's fossils, moreover, were the great sandstone fossils, and from strata of an entirely different

character. Pray, keep your eye on this. I don't attempt here to explain how this clay conglome

rate rock got on the Himalayan side of Nahan, but I saw in situ and got fossils out of it ; of this

there is no doubt whatever."—H. B. M.
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would be sufficient to suggest their being ranked with the latter rather than the

former. This would be so, were the evidence of mineral character less balanced

than it is ; so perversely counter to all our experience of the ' Siwaliks ' else

where, does this unhappy ' Nahan ' section run, as hitherto interpreted by its

discoverer. In support of this view I shall quote Mr. Medlicott himself,

page 536, Manual, Geology of India: " The Nahan, or lower Siwalik rocks, form

ing the inner Sub-Himalayan zone at Nahan, consist mainly of massive grey

sandstone often spoken of as the lignite sandstone from its containing small

nests and strings of fossil wood, which from early times till now have given rise to

many sanguine reports of the discovery of coal. In deeper sections red or purple

clays occur, associated with thinner, harder, darker, sj&ndstones very like the rock of the

Dagshai group." This is a description of the ' Nahans ' at Nahan, be it observed.

It is followed by a description of the upper and middle ' Siwaliks ' of the

' Siwalik hills proper,' but a very significant omission may be noted of any descrip

tion of what lower ' Siwaliks ' are like elsewhere. Of course the result is, the

reader imbibes an impression of lower ' Siwaliks 1 from a very doubtful presenta

tion of them about Nahan, and I am bound to say that the most analogous beds

to those described above as revealed in " deeper section" must he sought for,

not in a ' Siwalik, ' but in a Sirmur area.

16. That is my opinion, and the idea is anticipated, if not disposed of, by Mr.

Medlicott where he says (Manual, p. 510): "It might thus be suggested that

the plant-bearing sandstones of Kasauli belong to the same horizon as the

lower Siwalik clays, or the lignite sandstone. Those who have examined the

rocks are least disposed to adopt this supposition." I object to this antithesis

between "plant-bearing sandstones" and "clays" as misleading. There is a

great similarity, as Mr. Medlicott admits, between lower Siwalik strata and both

Kasauli and Dagshai beds, and as for the prominence giving to the "plant-

bearing " character of the Kasauli beds, these remains are, I believe, found at three

spots only, and known to Mr. Medlicott alone, a vastly different thing from charac

terising the group, as might be easily inferred from Mr. Medlicott's words. 1

17. The alteration in Mr. Medlicott's map which my view would require, would

be to expunge both the word ' Nahans ' and the colour used to indicate that

group, and to colour the bulk of the Nahans east of Bud (near Nfihan) and the

outer portion of the Nahans west of that place as Siwaliks, and to colour the rest

of the 'Nahans' as ' Sirmurs.'* Also to expunge the narrow strip of 'Nahans'

shown as running down from Rikhikhes, east of Ganges, altogether, my reason

for which I shall explain hereafter.

So much by way of preface.

1 In these two paragraphs Mr. Theobald makes use of the facts I mentioned in favour of the

view he now takes up, but omits any notice of the chief points of the evidence, which he condemns

as wholly valueless, for the view I adopted : to wit, the facts, that the main Himalayan boundary

separates the Sirmur and Nahnn areas ; and the abrupt cessation of any trace of the nummulitic

strata to the south of it (tee ' Manual,' pp. 539, 540).—H. B. M.

* t. Mr. Theobald would take no notice of the two main stratigraphical features of the

ground; for the boundaries he would expunge in favour of his purely conjectural line are on

those features, which must be either great faults or great unconformities.—H. B. M.

K
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THE TERM ' SlWAMK ' rEsTrICTED aND DEFINED.

18. The term Siwalik, as I would propose restricting it, is essentially syno

nymous with pliocene, that is, the pliocene group in India.1 In Sind (ride Manual,

p. 463), the Siwalik group rests unconformably on the Gaj group, which is wholly

marine and of well ascertained miocene age, but in the Punjab and along the

Himalayan region, beds of miocene age have not been detected, that is, recognised,

and the Siwalik group of fresh-water origin rests directly on eocene strata, to

which they exhibit, as a rule, a mechanical or stratigraphies! conformity, though

their geological relation is one of unconformity, as evinced by the entire absence

of beds of miocene age, above the eocene, and in places, as at Nahan, clear proofs

of a physical arrest of deposition or break above the eocene, though elsewhere

from the parallelism of the beds the unconformity here asserted is obscure, and is,

I believe, not thoroughly accepted by Mr. Wynne in the Punjab. The passage

I now quote from the Manual very clearly, however, states the circumstances of

the case in the Salt Range (p. 506) : " The Gaj and Nari beds of Sind appear

to be unrepresented ; there is evidently a break above the nummulitic limestone,

and the overlying formation is unconformable, and rests in places upon a denuded

surface of nummulitic rocks. The unconformity is aJso shown by overlap in

several places at the eastern extremity of the Salt Range, and, as already noticed,

in the ranges near Shekh Budin, and by the circumstance that the lowest beds

of the upper tertiary sandstone contains pebble of nummulitic limestone, as

for instance, near Fadial, west of Mount Tilla.'"

19. One spot in particular where Mr. Medlicott discovered marked traces of

an unconformable junction between the nummulitic limestone and the overlying

Siwalik sandstones, was in the stream which cuts through the Dil Jubar range,

nearly midway between Rotas and Kalar Kahar on the Salt Range.

20. East of the Jhelum, as a general rule, the basal members of the Siwalik

group are not exposed, the relation of that group to the older rocks being one of

faulted contact, and if (as is possible) in deep section older beds than Siwalik, t. e.,

miocene come in, there is from the conformity of the beds and the entire absence

of fossils, no means to determine whether the lowest beds exposed really belong to

an older group or not. West of the Jhelum, a precisely opposite difficulty occurs,

and it may there be seriously questioned, if the lowest Siwaliks in contact with the

nummulitic rocks are really geologically older than the middle Siwalik horizon

of the country east of the Ganges.

21. Considerable difficulty is, therefore, experienced in dividing the enormous

series of beds comprised in the Siwalik group, and any division of them must be

rather a conventional one for convenience sake, than one naturally indicated by

1 I cannot undertake to correct Mr. Theobald where he is only stating his own views and not

misrepresenting those of others ; but I warn unwary readers against over-confidence. Those

two opening sentences are a sufficient caution : the extraordinary liberty taken with the word

' pliocene'; for the statement that anything that can be called ' pliocene' is in immediate sequence

with the eocone along the Himalayan region is a wild assumption—I would rather say, de

monstrably false.—H. B. M.

* Compare too Wynne, Mem. Geol. Surv., Vol. XVII—2, p. 91, on absence of lower Siwalik

in the Bbattani hills and elsewhere.
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any salient features inherent therein. Not, therefore, to unduly multiply divisions

of an arbitrary character, it will, I think, suffice to divide the Siwalik group into

two equal divisions, an upper and a lower, characterising the first as the Kharian

beds from the Kharian range opposite Jhelum, which is entirely composed of

them, and reserving the term ' Murree ' for the lower,

Murre"" r lovferSiwaliks from tne sanatorium of that name around which they are

largely developed. For reasons already given, I consider

it desirable to drop the term ' Ndhan ' altogether, as tending to confusion, so long

as we are uncertain of the precise age and relationship of the beds on which

the name was originally bestowed in the immediate vicinity of Nahan town.

22. The term ' Murree,' however, as now used by me as equivalent for

' lower Siwalik ' is much more restricted than it is in the Manual, where it is

far more comprehensive and indeed little more than a name for a melange of

tertiary beds of all ages. Thus at page 511 these beds are thus described :

" The station itself is built on grey and purple sandstone and deep purplish clays

with occasional concretionary bands. These are the Murree beds of Mr. Wynne,

and whilst their lower strata may correspond to the Dagshai sub-division of the

Sirmur or eocene series in the Simla hills, it is probable that they represent

higher groups also, and they may even comprise strata corresponding to all the

Sub-Himalayan beds of the Dagshai, Kasauli, and Nahan groups, between the

Subathu and Siwaliks proper." Here at Murree it may be perfectly true that no

fixed lines can be pointed to, as dividing the Murree beds from eocene, but this

obscurity cannot be allowed in our definition of what ' Murree ' beds are, quoad

the geological horizon embraced by the term ; and I therefore define the 'Murree '

division as comprising all beds younger than the ' Gaj ' or miocene of Sind, and

from that horizon the whole of the lower half of the Siwalik group.1 Of course

where the ' Murree ' beds rest directly on eocene beds, these (in the absence of

Gaj beds) constitute the lower limit of the group, and in this sense the term

' Murree ' may be regarded as representing and replacing that of ' Ndhan ' as

hitherto used. Towards Nipdl, where the sections of the Siwalik group are

very deep, it may be questioned if lower beds than those properly included in

the term ' Murree ' do not come in, but this is a difficulty which would apply

whatever name we gave the division, and I prefer retaining an accepted and

familiar name, to devising a wholly new one ; but as the upper Siwaliks have not

been specially named, thore is no impropriety in now bestowing on them the one

proposed, i. e., ' Kharian.'

Geological limits of the Siwalik Group.

23. A brief glance at the area over which the Siwalik strata are either known

or conjectured to extend will not be here out of place, and will help to correct

' The lithological sameness of the Murree and the Dagshai beds and their similar relation

to the underlying nummulitics makes it almost obligatory to place them provisionally on the same

horizon, although the free association of similar beds within the nunimulitic series west of Mnrree

suggests the possibly higher position of the beds at Murree. Mr. Theobald's exclusion of any

representatives of the Gaj and fiari beds in those sections is purely arbitrary, apparently only on

the grounds of the one being fresh water and the other marine.—H. B. M.
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any underestimate of their importance, arising from their being regarded as mere

Sub-Himalayan deposits, though from the nature of the adjoining countries

which are almost closed to European investigation, the precise boundaries of the

group outside of the political boundaries of British India are unknown to us.

24. Commencing on the north, the Siwalik group has been traced along the

flanks of the Himalayan mountains and its accessory ranges, from the frontier of

Kohat to the valley of the Brahmaputra, and thence under the Khasi hills through

Munipur and Arakan into British Burma as far south as 17° north latitude. In

Nipal, Manipur, and Arakan, there are great unexplored breaks, but slender as

is our knowledge of these countries, we have still sufficient warrant for the above

generalisation. The curved line indicated above from Kohat to near Ran

goon in latitude 17° is close on 2,000 miles in length, and lies wholly outside

of the ' peninsular area ' of India as defined in the Geological Manual (Intro

duction ii) .

25. From Kohat the Siwalik group extends in a southerly direction along the

eastern flanks of the Afghanistan and Biluchistan ranges to the vicinity of

Karachi, a distance of 700 miles, while from Karachi to Perim island in the

gulf of Kambay, which is the most eastern point reached by the group on

that side of the Peninsular, is 400 miles.

26. How far the Siwalik strata extended formerly over the area intervening

between Perim and Afghanistan is uncertain, but their large development in

Sind renders it not improbable that they once stretched over a large portion of

Rajputana and the southern Punjab, where the Indus alluvium and desert sand

now preclude all examination of the rocks beneath.

27. This western belt of Siwalik strata lies also wholly outside of the Penin

sular area, save a small portion which, creeping up to the eastward across the

mouth of the Indus and at Perim, may be said to inosculate with India proper or

the ' Peninsular area.'

28. Some tertiary beds which occupy the valleys of the larger rivers, such as

the clays and gravels of the Narbada and Tapti, might perhaps be regarded as a

farther encroachment of Siwalik deposits within the territorial limits of the

1 Peninsular area,' but though undoubtedly these beds contain some Siwalik

animals, yet these are also associated with human relics and as much deserve

separation, as newer than the ' Siwaliks ' proper, as do the ' Gaj ' beds, which,

though older than the ' Siwaliks,' yet contain some Siwalik mammals. It will

thus be seen, that whilst the ' Peninsular area ' is essentially unencroached on by

Siwalik deposits with the partial exception of a limited contact area in Cutch

and Guzeiut, and excluding as above the post-pliocene deposits of the large river

valleys, it is continuously surrounded to the north by an enormous belt of these

beds from 17° north latitude in Pegu on the east to the 21° north latitude on

the west ; the entire circuit embracing some 3,000 miles.

29. Nothing like a precise estimate of the area occupied by Siwalik strata is at

present practicable, but a low approximate estimate would

Area of Siwali s. fog 70,000 square miles. If, however, any considerable

extension of these beds below the alluvium be allowed for, the estimate would
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have to be placed as high as 300,000 square miles or thereabouts within, of course,

the political limits of British India,

30. In not inappropriate correspondence with the area covered by the Siwalik

group is the enormous aggregate thickness of its beds, and it is undoubtedly

difficult adequately to convey by mere words to any one personally unfamiliar

with the group, an idea of the seemingly interminable succession of beds which

a good section reveals. Two doubts are in fact pretty sure to suggest themselves

with regard to the seeming display of thickness where, as in many sections, the

strata, are seen tilted at high angles for miles.

31. The first doubt is, if this seeming display of thickness, instead of being

real, is not produced by a repetition of the same beds brought in again and again by

either faults, folding or inversion. Now, either of these suppositions is in itself

a perfectly legitimate one, and a vera causa, instances of which may be seen

throughout the whole Himalayan region, where through-faults traverse the hills

for miles ; and in the older rocks of the Himalayan chain, the more they are

known to us, the more it is evident that foldings and inversions on a prodigious

scale form an integral phenomenon in the structure of the hills. West of the Indus

a most complicated system of faulting and inversion has implicated the newest

tertiaries also. It may, therefore, be taken as an axiom in Himalayan

geology,' that no a priori improbability attaches to any presumed faulting or

inversion, solely on account of the magnitude of its effect : in that respect

we may safely permit our ideas a scope proportionate to the magnitude of

the physical developments of the region ; but when we come to apply such

hypothesis in reduction of the seeming thickness of a section, the result is

not satisfactory. The entire thickness of the tertiary group may, in round

numbers, be taken as 30,000 feet. This is Mr. Blanford's estimate in Sind ;

and the thickness of the group in the Himalayan region can hardly be

set down as less : and as the newest beds are equally involved with the

older, in the disturbances which accompanied or resulted from the final elevatory

movements of the Himalayan chain, the whole of this vast series must be con

sidered, if we come to apply the idea of either faulting, folding or inversion,

to reduce the apparent thickness of any particular section. Now, although a

very general parallelism obtains throughout the entire series with only one con

siderable unconformity at the top of the eocene (in the Himalayan region), and

though the change in mineral character between the lowest beds and the highest

is brought about in a very gradual way, yet, were any member of the lower beds

intercalated by folding or other causes among and between younger beds in a

section, I do not think the fact could escape detection and recognition. A loop

of nummulitic limestone for example, with its ' arch' truncated by denudation,

might appear intercalated among a series of beds, all of which, both above it and

below it (seemingly), were of younger age ; but from our general knowledge of the

beds of the eocene group, we could hardly be misled into confounding with them

any beds of a lower or middle Siwalik horizon, and the same unlikelihood of being

misled in a similar manner with reference to any portions of the tertiary group

holds good from the well understood and easily recognised facies, lithologically,
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whieh the entire group successively presents at different horizons. The idea,

therefore, of the seeming thickness being due to faulted or folded repetition of

the same beds may, I think, be dismissed as untenable. The best sections are

so clear that faults are not likely to be overlooked : and the main question only

is, the possible presence of a concealed (that is, truncated) arch or fold. This, as

I have said above, is unlikely to escape detection, presuming that the entire series

of beds have been involved; but still another question remains, is it possible for

a limited thickness of beds to be folded and re-folded in themselves, without the

beds, either above or below, participating in the disturbance ? That such a case

may occur on a small scale, I think possible, in view of the enormous and compli

cated disturbance to which the mountain mass has been subjected ; but such a

result could not take place on the scale of the sections displayed by the tertiary

group, and nowhere could the result be brought about without obvious signs of

the abnormal and disturbed arrangement of the rocks so involved. The idea is,

therefore, merely alluded to, to be rejected.

32. Another doubt that has been raised is, as to how far the seeming succession

of beds may not be in a manner illusory, as a measure of thickness and rather refer-

ible to an arrangement of beds on a large scale, analogous to the mode of deposition

wherein ' false bedding' originates. This view has been propounded with respect

to beds in the Potwar,1 and were it a true supposition, it would necessitate at no

great depth from the surface, a floor of deposition, of some sort. Now, the area

of the Potwar, where this view has been specially applied, is traversed by numer

ous ' faults' having a very large ' throw.' For example, south of Jand, near

Jabi, the very highest conglomerates at the top of the Sivalik group are faulted

against red and grey beds well down in the Murree division, and the ' throw'

required to bring about this contact cannot be estimated at less than a mile, and

may be more ; yet none of these faults, which are tolerably numerous throughout

the entire sub-Himalayan region, ever bring up or reveal any ' floor of deposi

tion,' whereon a comparatively thin series of obliquely-packed beds could have

been laid down. The entire belt in fact of Siwalik rocks, skirting the Himalayan

region, is composed, structurally, of vertical slices of the Siwalik group ranged one

against another and separated by faults, so that the best sections we can any

where find are simply sections of a portion of the group, commencing at one

fault and terminating at another,—the downthrow of these faults bringing the

younger beds to the south in contact with the oldest beds to the north ; yet

is no floor of deposition, which could countenance the idea of a trivial thickness

of these deposits, anywhere revealed On the assumption, then, that the sections

displayed by the Siwalik group represent actual thickness, we cannot place the

total amount for the whole at less than 16,000 feet, and it may be not improbably

more.

33. A few words will not be here out of place touching the ' Gaj' group of

f S'nd Sind, as it bears a certain relationship to the Siwalik from
] group o i . containing the earliest Siwalik mammal on record. That it

is, however, properly excluded from the Siwalik designation is, I think, clear not

The undulating country north of the Salt Range.
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only from its marine origin and its total absence (so far as known) within the

Himalayan region, but from its established miocene age. This needs no recapitu

lation here, but the facts may be gathered from Mr. Blanford's lucid description of

the group in the Manual of Geology, Part II, page 463. The fact of the Gaj beds

being of marine origin, may probably account for the paucity of vertebrate re

mains hitherto detected in them, as we cannot imagine an animal like Rhino

ceros sivalensis, F. et C, alone occupying the miocene champaign, though the

Gaj vertebrate fauna probably merely foreshadowed in its plenitude that mar

vellously varied and abundant fauna, of the Siwalik period, then only in

course of evolutional development and waiting for the ./Eons to deliver it from the

womb of Time. As so much has already been published on the Siwalik group by

Messrs. Medlicott, Blanford, and Wynne, I shall not enter into any detailed descrip

tion of its beds, but rest content with giving a general conspectus of the group, to

facilitate the correlation of beds of similar age at distant localities (Sind and

Burma) and a few sections which will help to convey a clearer idea than any

generalised description of their relation and succession to each other.

34. The section I now give near Lambi-dand is one of the best I know of the

junction of the Siwaliks with the Nnmmulitic group in the western Punjab.

It exhibits complete stratigraphical conformity throughout ; but the important

' Nari ' group is wholly absent. Whether the beds, at the base of the Siwalik

group, may be held to represent the ' Gdj ' horizon, must rest on the amount of

probability on extraneous grounds, for that correlation, as fossil evidence there is

none. My own opinion is, the balance of probabilities leans to the reasonableness

of regarding lower ' Murrees ' (D) as the Himalayan equivalents of the Gaj

group of Sind and correlating the same to the Dagshai and Kasauli beds of the

Himalayan region.

Section near Lambi-dand, displaying the transitional passage of the marine nummu-

litics into the Siwaliks of the ' Potwar ' (Murrees D).

Nummulitic limestone of the Chita Pahar range, massive, and precisely

Nnmmulitic gronp. similar to that which immediately supports the

Kbirthsr. ' Siwaliks* along the Salt Kange=jrAir«or (lower).

(Descending).

Boundary fault. Ft. In.

Pale, reddish and brownish-gray sandstones, with some reddish

shales and occasional courses of more
Lower Muirecs (D). , „

massive sandstone ... ... ... 2,500 0

Massive sandstone ... ... ... ... ... ... 85 0

Alternations of sandstones and clsys, with massive beds towards bnse 850 0

Massive sandstones, with some clay conglomerate towards base ... 130 0

Bed clays, with sandstone courses, and seamed with cnlcite towards

base ... ... ••• .•• ••• ••• .•• 435 0

Similar beds, but the sandstones harder and harsher and shales redder 375 0

Massive gray sandstone ... ... ••• ... ... 40 0

Massive sandstones, with subordinate beds of very red shnle ... 500 0

Shales ... ... ••• .•• ••• ••• ... 90 0

5,005 0
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(Descending) .

Massive sandstones with clays and sorne calcite nummulites and

Ft. In.

bones (indeterminable) ... ... 40 0

Pale nummulitic shales 270 0

Nummulitic limestone (flaky) ... 40 0

Reddish nnmmnlitic shales 500 0

Harsh pale gray nnmmnlitic limestone, with a little shale 180 0

Red shale ... ... ... ... ... 25 0

Harsh reddish sandstones, with some shale 150 0

Massive sandstone, conglomeratic at top 24 0

Mottled reddish and yellowish harsh sandstones, and reddish clays,

in places nummulitic 340 0

Massive reddish sandstone ... ... ... 50 0

Reddish shales and sandstones 270 0

Pale yellow nnmmnlitic bed (about) 36 0

(Close to 29th mile-stone).

Red nummulitic bed 4 0

Red shales ... 30 0

Massive sandstone, with seams of clay conglomerate 85 0

Red shales ... 35 0

Sandstone and conglomerate ... 10 0

Red shale ... 20 0

Yellow shales, nummulitic 170 0

Clay conglomerate, nummulitic 15 0

Red shales and sandstone 40 0

Massive nummulitic sandstone and conglomerate... 35 0

Red shales, with a little sandstone 163 0

Massive sandstone ... 50 0

Red clays ... 146 0

Yellowish clays and nummulitic shaly limestones ... 65 0

Red clay ... 65 0

Yellowish sandstone ... 18 0

Red clay ... 8 0

Yellow clay, with hard bands at top and base, nummulitic below ... 60 0

Red clays ... 40 0

Yellow nummulitic clays (with thin strings of limestone), almost com

posed of closely-packed Foraminifera 410 0

Yellow, with more massive limestone beds 370 0

Red clays with nummulitic limestone courses 250 0

Total 3,956 0

35. This is a most interesting and important section in many respects. It is a

characteristic junction section of the Siwalik and nummulitic groups in the

western Punjab. It proves the enormous development of the ' Khirthar ' group

in this region, and the total absence of any representatives of the 1 Nari ' beds.

I had myself anticipated that these ' Nari ' beds would be represented in it ; but

having submitted the fossils collected by myself on the spot to. my esteemed

colleague Mr. Fedden, whose familiarity with the Sind tertiaries should render

his opinion final, I relinquish the idea. My colleague thus writes of the fossils
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he was good enough to examine for me :—" I have just examined the specimens.

They have all a strong ' Khirthar ' (or lower Nummulitic) facies. There is no

indication among them of either ' Gaj ' or ' Nari ' ; and I should conclude that

these two groups were absent in the section."

The fossils identified by Mr. Fedden were—

Nwmmulites obtusu,

N. biaritzensis,

N. beaumonti,

N. granulosa,

N. leymeriei,

N. obesa,

N. exponens,

N. perforata]?

and among cchinoderms—Hemiaster digonus,

H. tp.

And a Pseudotliadema not figured in D'Archiac's work.

36. The section is an estimated one, checked on the ground by measurements so

far as the disturbance of the beds would allow. It embraces 5,000 feet or there

about of lower Siwalik beds (' Murrees '), resting on nearly 4,000 feet of ' Khir

thar ' beds. The strong limestone at the base of the ' Khirthar ' group is not

reached ; but it is displayed to the north, where the section ends, being brought

up by a fault cutting oS the ' Murrees ' in that quarter. The ' Khirthar ' group

can here, therefore, be not much under 4,500 feet, accepting Mr. Wynne's estimate

for the mean thickness of the ' Khirthar ' limestone in the Salt Range at 500 feet

(Memoirs, Geological Surveyf Vol. XIV, p. 869).

The thickness of the ' Khirthar ' group has not been fixed with precision ;

bnij as a possible thickness of 9,000 feet for the whole, and as much as 3,000

for its upper division, is indicated by Mr. Blanford, the thickness of 4,500 or

thereabouts is by no means greater than may probably be the case (Manual,

p. 447).

37. This great development of beds is, I know, suggestive with some of ' fold

ing ' or faulted repetition ; but I do not see how either of these causes can be held

to have operated here. The section terminates above in faulted contact with the

strong ' Khirthar ' limestone, some 500 feet thick, more or less ; whilst below, it dis

plays some 4,000 feet of upper ' Khirthar ' beds without reaching the strong lime

stone, whose presence here is proved by its being brought up to the north by the

fault running south of the ' Chitapahar ' range. Now, if the above thickness of

' Khirthar ' beds was produced by a folded or faulted repetition of the group, I do

not see how the massive limestone at the base could fail to be detected in the

section. The validity of the section might therefore rest on its own. merits, but

the known development of this group elsewhere goes far, in addition, to remove

any doubt as to how far the indicated thickness is real.

38. Whilst, then, in the Punjab we may infer that the ' Khirthar ' group was

fully develojied, we have proof in the above section of that break which has elsewhere

been recorded at the top of the eocene, in the deposition of the ' Murroe ' beds on

i
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1 Khirthars,' to the total exclusion of the ' Nari ' or upper eocene group, though it

is very probable that more to the eastward the ' Nari ' and Gaj beds are represented

partly or wholly by the Dagshai and Kasauli groups (Manual, p. xvii), the latter

including the ' Nahan.' The occurrence of Pseudodiadema in these ' Khirthar '

beds (where it is rare) is interesting, the genus being a cretaceous one ; and it may

be remarked that another species was found by myself in beds in Prome, pre

sumedly younger than the ' Khirthar ' group, viz., the ' Pegu ' group, which, from

its position below the Burmese representatives of the Siwalik group, may not im

probably in part correspond to the ' Gaj ' of Sind and the lower 'Murree' (D) of

the Himalayan region.

39. Another point to be noticed is, the contrast of character between the bottom

beds of the Siwalik here, on the northern margin of the Potwar, and that which

is seen to the south of the Potwar along the Salt Range, and the still greater

contrast which these Punjab basal beds show to the lowest beds seen to the east

ward in the Kolonia section (hereafter given).

40. To judge by mineral character and aspect, the basal beds reposing on the

'Khirthar' limestone along the Salt Range would not seem to belong to a lower

horizon than beds/ or lower Kharians B, or only to just invade the horizon of

the upper ' Murrees ' C. On the northern side of the Potwar, however, at Lambi-

dand, the beds reposing on the 'Khirthars' would seem to reach much lower down

—to perhaps as low as a middle horizon in the lower ' Murrees ' D ; whilst at the

Kolonia river to the east, the lowest beds, though no recognised ' Khirthar ' beds

are reached, would, from their character and the enormous thickness of beds

above them (14,000), indicate that a lower horizon of the lower 'Murrees' D has

been reached than anywhere exposed to the westward, if even that group has

not been passed and some of the upper ' Khirthars ' unknowingly been included

in the section.

41. In the Lambidand section, the profusion of nummulites renders it easy to

detect the passage of ' Khirthars ' into the ' Siwaliks ' ; but to the eastward, where

these organisms are wanting in the eocene beds as so regarded (Dagshai and

Kasauli), the transition from upper eocene to lower Siwaliks might be expected

to take place without much chance of detection unless a marked unconformity

were present. This marked unconformity certainly does not exist to the westi

and cannot therefore be looked for as a matter of course on the east, though in

the central region about Simla it may be marked enough. We have in general,

therefore, both on the extreme east and west, little to guide us in estimating the

precise horizon of any Siwalik bed, basal or otherwise, than mineral character,

the presence or absence of mammalian fossils, and the development of the group

on the spot in question. For example, where, as on the Kolonia river, we have a

clearly run section of 14,000 feet, we may be pretty confident we are not far from

the base of the Siwalik group, if we have not at that depth really got below it,

into a ' Gaj ' or ' Nari ' horizon. On the other hand, as at Dariala, where we find

that a section of less than 6,000 feet of Siwalik beds runs us up on to their top

most beds, we may (being supported also by the mineral aspect of the basal beds

respectively in either case) pretty safely judge that no lower horizon in the

Siwalik group is touched than a high one in the upper ' Murrees ' (C ).
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42. The section I now give is one embracing the entire thickness of the Siwalik

group north of the Salt Range between Dariala on the Range and Kariala in

the Potwar. The thickness is estimated, not measured. It crosses one synclinal

trough and a belt of 'troubled' ground, where a fault is probably concealed. As,

however, the faults in the Potwar, having a large ' throw', are sharp and clean,

it is probable that at this spot any considerable ' throw' has been commuted

into horizontal disturbance, which does not materially vitiate the results of the

section. The general dip of the beds at the base is about 45", gradually declin

ing as they recede from the range till the topmost beds have flattened down

to a dip of not more than 2° to 4°.

Section between Dariala and Kariala—

1. Nummulitic limestone. (Kirthnr).

2. Greenish sandstones, some beds hard, tough, and argillaceous, with

three thick beds of red clay. Bones, mostly fragmentary throughout,

and one ossiferous zone about 100 feet above the nummulitic lime

stone. Prom this zone I procured the lower jaw of Rhinoceros

palaindicus, F. & C. ... ... ... ... ... 1,200

3. Red clay with subordinate bed of fine greenish sandstone ... ... 2,500

4. Gray sandstone ... ... ... ... ... ... 400

6. Pale-gray sandstone and pale-yellow clays ... ... ... 1,500

6. Sands, clays, and conglomerates of a very recent and fluviatile

aspect ... ... ... ... ... ... ... 150

5,750

43. Beds No. 2 of the above section are the ' Nahan' beds, according to Mr.

Wynne, of this part of the country. The first point to notice in this section, is

the small thickness here presented by the entire group of beds above the nummu

litic limestone. There is, it is true, a fault in the section, but it has none of the

appearance of one involving a great 'throw,' and its effect is probably inconsider

able, and 6,000 feet would really seem to be the full thickness here of the Siwalik

group. Mr. Wynne (Mem. Geol. Surv., Vol. XIV, p. 69) gives an estimate of

the thickness of the Siwalik and 'Nahan' groups in the vicinity of the Salt Range

from a minimum of 2,100 to a maximum of 10,500. I cannot say that I can

recall any spot where the entire Siwalik group is reduced to so low as 2,100, but

the mean of these estimates, 6,300, agrees very well with the wholly independent

estimate of mine above given. One thing is pretty clear, and that is, that thia

particular part of the Potwar was an area of minimum deposition, as shown by

the attenuated dimensions of such usually thick beds as Nos. 4 and 5 (in the

above section), corresponding to the upper Kharians (A), d and e, whose more

usual development may be judged by a section I shall presently give in the

Una ' dun,' and which beds are fully developed at either end of the Salt Range

within the depositing area immediately affected by the conditions of the great

valleys of the Jhelum and Indus. Equally too does the comparative insigni

ficance of the beds No. 6 in the above section, compared with their normal

development elsewhere, point to the condition of reduced deposition under which

the beds were here laid down.
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44. But a truer explanation of this seeming contraction indicated by the above

section of the Siwalik group lies, in my opinion, in the fact that, instead of

embracing the entire Siwalik group, it really embraces only its upper portion

(Kharians) to the exclusion of the lower half altogether (Murrees).

45. This view is not held by Mr. Wynne ; but my colleague's judgment is, I

think, largely influenced' by the identification by Mr. Medlicott of some low lying

beds at the Bakrala ridge, with his (Mr. Medlicott's) ' Nahan' or lower Siwaliks,

as they have been considered. Now, this identification of Mr. Medlicott's was, I

believe, erroneous, and due to the local change in some b:i sal bede of the Siwaliks

along the Bakrala ridge, induced by mechanical or chemical action, though the

real horizon in the Siwalik group of these beds was scarcely, if at all, below that of

upper Siwaliki. At page 109 of his Salt Range Memoir Mr. Wynne thus des

cribes these so called 'Nahan' :—

46. " The 'Naban' beds of this district have, comparatively speaking, a limited

exposure in the Bakrala ridge." From the sentence which commences the next

page, it is clear that the above sentence really signifies that in the Bakrala ridge

alone have these ' Ndhans' been identified. The sentence is : "In other places where

the ' Nahan' beds have not been recognised ', 8cc., and in no other places, save the

Bakrala ridge, are they specially mentioned as recognised. Now, I happened to

accompany Mr. Medlicott when he visited the Bakrala ridge and effected this

unlucky recognition of 'Nahan' beds there, and whilst fully admitting the

similarity of the beds there to others lower in the group than the generality of

Siwaliks near the Salt Range, yet, in my opinion, this ' Nahan fades' here presented

by the Siwalik beds is a local feature simply superinduced in really upper Siwaliks

(as I have before stated) by the violent protrusion of the stiff wedge of Khirthar

limestone forming the core of the ridge, (Wynne, I. c, p. 120). Mr. Wynne goes

on to say (p. 109, I. c.) : " Here at the Bakrala ridge they consist of purplish

and gray sandstones interstratified with many bands of red clay which give to the

whole group a reddish tinge ; the sandstones are harder than those occurring at

higher places in the series. This strong similarity of the red ' Murree beds' is

not found to the westward * * * * Both the redder and grayer

rocks of the Bakrala ridge contain some bone fragments and occasionally mam

malian (Mastodon) teeth". Now, this comparative abundant scattering of bones

through these Bakrala beds is itself sufficient to raise serious doubt, in addition

to the pregnant fact that similar beds with a quasi Nahan facies are not usually

met with along the Salt Range, for not only are the entire series of Siwaliks along

the Salt Range more or less ossiferous, one marked zone occurring not more than

100 feet above the Khirthar limestone, but we know that elsewhere along the nor

thern edge of the Potwar or throughout the Himalayan region generally, bones

aro 6imply and truly conspicuous on the ' Nahan' horizon by their absence.

47. Again, in describing the ' Nahan' rocks (Manual, page 53G), we are told by

Mr. Medlicott that 'in deeper sections, red or purple clays occur, associated with

thinner, barder, darker sandstones, very like the rock of the Dagshai group'.

1 Vidt note to pige 113, Mem., Vol. XIV.
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Nothing of the sort is seen along the Salt Range, whether regard be had to rock

characters, general or particular. In fact the base of what ' red zone' there may

be along the Salt Range is actually taken as the upper limit of the so called

' Nahans', instead of this colour character being made to embrace that division.

At page 110 of Mr. Wynne's Salt Range Memoir we read: "Above these beds

grayer sandstones prevail, and red clays or shales increase in quantity upwards,

associated with occasional layers of pseudo-conglomerate and lnmpy calcareous

purple clay until the red beds predominate, so as to form a marked ' red clayey zone',

* * * The bottom bed of the red zone leas been adopted as the upper limit

of Mr. Medlicott's ' Nahan' rocks in this part of the Punjab."

48. I will now give a brief sketch of the section of the Siwalik group

on the Kolonia river near the Nipal border. The section is an estimated

one, and no fossils were noticed in any of its beds, nor indeed have I seen

any determinable fossils in the whole country between the Ganges and Nipal.

The lowest beds seen in the Kolonia river, a little better than a mile above

the town of that name, are/very compact sandstones, often in thick massive

beds of various pale tints, but mottled with violet or reddish blotches

and spots, after a fashion never seen among the upper beds. Associated with

these characteristic beds are dark-red shales of a purplish or plum colour, very

hard and massively bedded, sometimes uniform in tint and sometimes spotted or

mottled, and a few yellowish beds, all displaying the same amount of induration.

These lower beds, which may be regarded as characteristic of the lowest Siwaliks

or Murree beds (D), pass up quite insensibly into a thick series of massive gray

sandstones, with subordinate beds of reddish shale constituting division C or

upper Murree beds, and these in their turn pass up into upper Siwalik or

Kharian beds, made up of gray or greenish sandstones gradually becoming

pebbly and conglomeratic at top ; whilst at top of all on this section comes in a thick

deposit of dark and ochraceous clays and gravels corresponding to the gravels,

clays, and conglomerates in which the Siwalik group everywhere terminates,

and which differ in no respect from recent river deposits, save in the high dip

which they often display.

49. I now give two sections illustrating the general character of the ' Kharian '

group where well developed. The first section is taken across the Siwalik range,

bounding the Una ' dun ' to the south and along the line of the Hoshiarpur and

Kangra road. It is partly measured, partly estimated. The second section is

taken along the same road across the hill bounding the Una ' dun ' to the north,

and is a repetition of the former beds. But a great difference will be perceived

in the development of the coarse beds (d) at the top of the lower ' Kharian ' (of

my present arrangement), a difference clearly dependent on the greater proximity

of the northern side to the line of discharge down the Beds valley, nothing equal

ling the coarse conglomerates of the Parwain range north of the ' dun ' being

seen on precisely the same horizon on the south. Fossil bones and teeth, mostly

of Ptoboscklea, and ill-preserved Uniones, occur in the hills south of the 'dun,'

but are less common in the coarser beds to the north.
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Section of Upper Siwaliks on the Hoshi^rpur and Kangba Road between

Mangawal and Gagret.

(Ascending.)

Ft. In.

Soft gray sandstones with clay beds intercalated (ossiferous) ... 200 0

(The 38th milestone is on top.)

Dark kankary clay ... 8 0

Gray sandstone ... ... ... 15 0

Very dark clay 0 6

Soft gray sandstones with small pebbles ... 15 0

Pale yellowish sandstones, pebbly, and a bed of yellow clay towards

base 50 0

Dark lcankary clay 20 0

(A little off the line of section Uniones of the V. corrugatut type occur

on this horizon.)

Pale gray sandstone with a few pebbles and strings of sandy clay 35 0

Soft gray sandstone slabby at base and some yellow clay below 50 0

Yellow sand and dark clay 4 0

Gray sandstone with hard slabby courses 25 0

Sand and clay 3 0

Bluish gray pebbly sandstone, rather clayey in parts 20 0

Ditto ditto, darker coloured 7 0

Gray sandstone with layers of clay nodules and a few pebbles 5 0

Gray sandstone 45 0

Dark clay ... ... ... ... ... ... ... 4 0

Pebbly sandstone with clay galls towards the base... 15 0

Dark clays ... 15 0

Pale gray conglomeratic sandstone rusty-coloured at base ... 30 0

Clayey beds, rather ' lcankary ' 20 0

Gray pebbly sandstones, in parts conglomeratic and a few rubbly clay

courses 50 0

Dark rubbly sandy clay 6 0

Gray pebbly sandstone, coarse and slabby 30 0

Dark sandy clay (irregular) 1 0

Gray sandstone 4 0

Dark clay ... 1 0

Gray pebbly sandstone 4 0

Clay and pebbles 1 0

Pale gray pebbly sandstone (bones) 30 0

(Here some disturbance and crushing. Dip vertical and slightly in

verted.)

Soft gray pebbly sandstone with some beds of dark shale at base (say) 100 0

(The 35th milestone near this.)

Pale gray pebbly sandstone with large clay pockets 2 0

Soft gray sandstone with slabby layers ... 20 0

Yellow clay with sandstone courses 10 0

Soft gray sandstone with slabby layers 30 (1

Dark kankary clay, yellowish and sandy at top ... 2 0

Pale soft sandstone with hard lenticular courses ... 40 0

Buddy sandy clay, brownish at base 1 0

Soft gray sandstone with a few pebbles, and rounded subbotryoidal

laminated concretions with hard courses at base ... ... 80 0
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(Ascending.)

♦ Ft. In.

Soft gray pebbly sandstone with hard concretions irregularly dispersed 85 0

(Then the 35th milestone.)

Hard gray sandstone course ... ,0 9

Dark clunchy clays, rather thin-bedded ... ... 13 0

Soft yellowish sandstone, clayey in parts »•. 5 0

Ditto with slabby courses ... » 0

Soft gray sandstone ... ... 5 0

Yellowish pebbly sand and clay ... 1 0

Soft gray sandstone ... ,. 20 0

Fine conglomerate ••■ 3 0

Soft gray sandstone ... ... 5 0

Pebbly band ... 2 0

Soft gray sandstone, few or no pebbles ... ... 25 0

Fine kankary conglomerate ... 1 6

Soft gray pebbly sandstone ... 30 0

Pale yellow clay ... 9 0

Reddish yellow clay ... ... 3 0

Soft pebbly sandstone in massive beds ... ... 100 0

Gray sandstone, no pebbles ... 18 0

Gray pebbly sandstone with some conglomerate disseminated ... 40 0

Ditto ditto 20 0

Sandy clay ... ... 0 9

Gray sandstone and clay ... 2 0

Clay layer ... ... 1 0

Soft sandstone, pebbly at top ... ... Ml 70 0

Coarse pebbly layer ... ... 0 6

Soft pebbly sandstone ... 6 0

Coarse sandy conglomerate, some of the pebbles 6 inches in diameter... IS 0

Pale pebbly sandstone, hard and slabby ... ... 25 0

Ditto softer ... ... 10 0

Dark shales, sandy and paler below .„ 5 0

Gray sandstone with large pebbles at top ... 25 0

Pebbly clay ... 0 9

(Hereabouts is the 38th milestone.)

Yellowish sandstone ... ... ... ... ... ... 20 0

Yellow clay ... ... 6 0

Hard pebbly sandstone ... 25 0

Soft yellowish-gray sandstone ... ... 7 0

Soft pale sandstone ... ... 4 0

Yellow silty clay ... 1 0

Dark clay ... ... 1 0

Clay and sandstone ... ... 10 0

Soft sandstones ... 40 0

Yellow kankary clay with small ferruginous concretions ... 8 0

Soft yellowish-gray sandstone ... ... 16 0

Sandy clay ... ... 1 0

Soft yellowish -gray sandstone ... "F 7 0

Yellowish sandy clay ... 5 0

Pale sandstone ... 12 0

Clay, dark at top ... 2 0

Pale silty sandstone, clayey in parts ... 12 0
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(Ascending).

•
Ft. In.

Clays with a little kankar 12 0

Pale sandstone ... ... ... ... 7 0

Reddish sandy elay 3 0

Dark clayey beds •ii s 0

Pale silty clay, rather compact .. 1 0

Yellowish silt 0 9

Soft gray sandstone ... 20 0

Silty clays and sandstones ... IB 0

Yellowish clays, dark at top ... 13 0

Sandstone ... ... ... .1. ... 18 0

Yellowish clays ... 12 0

Soft yellowish sandstone ... . . . • ... 21 0

Reddish clay with one dark band 17 0

Bluish clay ... ••, 2 6

Yellowish clay with dark layers 6 0

Reddish sandy clay .. 8 0

Ditto less sandy .- 6 0

Dark clays 5 0

Palo pebbly sandstone ... 40 0

Ditto with few or no pebbles ... 7 0

Clay beds, dark above, pale below 4 0

Reddish clay, sandy at base ... 15 0

Dark harAary clay 15 0

Dark clays ... 30 0

Pebbly sand 5 0

Dark clay ... 2 0

Sandy clay ... 8 0

Yellowish sandy band 4 0

Reddish clay, sandy in middle ... 8 0

Dark clay ... 0 9

Reddish clay in thick beds ... 40 0

Conglomerate (irregular bed) ... 1 0

Yellowish sandy clay ... 25 0

Ditto paler and in thinner beds 50 0

Soft pebbly sandstone 5 0

Clay beds ... ... 100 0

Conglomerate 1 0

Pebbly sand, yellow mottled ... 3 0

Yellowish clay 20 0

Coarse conglomerate ... 10 0

Yellowish clays 120 0

Coarse yellowish pebbly sandstone 5 0

Ditto with few or no pebbles ... ... 20 0

Ditto with hard courses 25 0

(Here stands the 39th milestone.)

Pebbly sandstones ... 28 0

Sandy clay with strings of pebbles ... 40 0

Stiff clays ... 40 0

Coarse conglomerates (irregular bed) 5 0

Sandy clay ... 15 0

Conglomerate 10 0
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(Ascendiug.)

Ft In.

Sandy clay 10 0

Sandy conglomerate ... ... ,.. 20 0

Clays 40 0

Sandy clay with conglomerate bands 60 0

Clays SO 0

Pebbly bund 4 0

Pale sandstone ... ... 5 0

Dark clay E 0

Sandy conglomerate ... ... ... ... ... ... 8 0

Yellowish sandy with conglomerate strings 10 0

Coarse conglomerate ... 12 0

Sandy clays, reddish at top 70 0

Coarse sandy conglomerate 25 0

Sandy clays 20 0

Coarse conglomerate ... 30 0

Incoherent pale sandy clnys, gravels and conglomerates, all of very

recent aspect (seen, perhaps) 300 0

Total ... 3,219 9

50. The section above given commences in the lower ' Kharians ' e, and runs

up into the upper ' Kharians ' c, but the coarse boulder conglomerates of d are here

merely represented by pebbly beds. In the section given below, however, these

coarse boulder beds are well represented, and not only have the coarser beds

become developed, but the beds in either section displaying this conglomeratic

character have increased from 2,700 feet on the south to 4,800 feet or there

abouts in thickness to the north.

Section op Upper Siwaliks oe Kharians on the Hoshiarpur and Kangira

Road between Gahlin on the Banganga and Kangra.

Section, ascending, from the Oanibar fault.

The Gambar fault-

Ft.

Red clays and gray sandstones, hard and thick -bedded 700

Dull reddish clays with thin courses of sandstone, and four thick

beds of reddish gray sandstone ... 500

(These beds belong probably to the upper ' Murrees 'c.)

Greenish-gray sandstone .. 60

Purplish friable clays with reddish-gray sandstone courses 25

Eeddish sandstone and reddish sandy clays with thin sandstone

courses 35

Gray speckled massive sandstone ... 30

Purplish-red cloy 7

Fine reddish sandstone ... 9

Red clays with intercalated beds of sandstone 10 to 15 feet thick 200

Thick-bedded gray sandstono fi'i

M
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Ft.

Red clay" ... ... ... ... ... ... 30

Gray sandstone ... ... ... ... ... ... 30

Red clays ... ... ... ... ... ... 20

Gray sandstone (526) ... ... ... ... ... 20

Fine conglomerate ... ... ... ... ... 9

Sandstone with clay band and fine conglomerate courses ... 20

Gray sandstone and purplish-red clays ... ... ... 120

Fine conglomerate ... ... ... ... ... 9

sandstone ... ... ... ... ... ... 40

Red clay ... ... ... ... ... ... 9

Fine sandstone aud intercalated red cl»ys (about) ... ... 1,000

Soft sandstone, pebbly in places, and intercalated red clays (be

tween Takipur and Dowlatpur), about ... ... ... 1,000

Coarse boulder conglomerates in thick regular beds, coarser and

less distinctly bedded at top (4,507) ... ... ... 2,300 5,033

Total ... ... 6,233

51. The first 1,200 feet of beds in this section belong probably to the upper

' Hnrrees,' and from some bed about this horizon it is probable Mr. Medli-

cott obtained his specimen of Amphicyon near Nurpur.1 Above the beds at the

base, with a ' Murree ' aspect, come in over 5,000 feet of typical upper ' Siwaliks.'

Of these the basal 500 feet, or thereabouts, represent the lowest division /, whilst

the remainder mainly represent the 'grays' and boulder conglomerates e and d.

The higher gravels and clays c do not come into the section, but are probably

present further north, in which direction, on about the same hue, the very coarsest

and highest beds of the group a come in in great force.

52. It is in the Kangra district that not only do these remarkable upper conglo

merates (a) attain their fullest development, but the largest boulders are met

with, I have anywhere seen, in the ' boulder conglomerates ' d, in which it is usual

for the omnipresent ' grays ' to terminate above, except away from the great river

valleys which no doubt served as vomitories for the dispersion of the pioducts

of Himalayan denudation. In the hills south of Dehra, boulders, nearly 30

inches in diameter, of hard silicious schists, may occasionally be seen, whilst such

as exceed 20 are far from rare. But the largest by far of these well rounded

boulders occur east of Kangra, and the largest boulders I ever measured were

between Burwani and Tharul, where I noticed two, respectively over 12 and 14

feet each [in girth.]

53. The largest boulders from these Siwalik beds are of some silicious schist or

quartzite, the boulders of granite running habitually smaller, and here a distinc

tion must be made between the boulders in ths surface gravels derived from the

Siwalik group and the boulders derived from old ' moraines.' As I have said,

no boulder from any Siwalik bed that I have ever seen has attained to 15 feet

in girth, whilst granite bonlcU?rs from the ' moraines ' of this size are too numerous

to reckon, ax. I these boulders of ' erratic ' or moraine origin run up to 150 feet in

' The specimen was given to mc by the late Dr. remberton at Dalhonsie.—H. B. M.

1
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girth. Much as the Siwalik conglomerates may have contributed by their wear

ing down, to form the surface accumulations of the district, they have no

connexion with the huge ' erratics ' or more numerous blocks of less size, but of

similar origin, so plentifully sprinkled over the surface, and it is certain that

the climatal conditions which these monstrous 'erratics' indicate, is altogether

post-Siwalik, and" the incipient effects of which were doubtless to disperse, and

not improbably in many cases altogether extinguish, the Siwalik genera which

so abruptly disappeared after the Siwalik period. This interesting question and

the various arguments both for and against a glacial period in India can best be

discussed separately, as having no immediate connexion with a paper on the

Siwalik group itself.

54. The section of the upper Siwaliks at Babhor, on the Sutlej, where that

river first issues from the mountains, may here be epitomised. It is rather

doubtful how much of it may be apportioned to the upper 'Murree' beds,

but it well displays the remarkable development of the conglomerate beds, and

is remarkable for the intercalation of a thick band of brown and red clays

(not generally well developed elsewhere) at the base of the upper boulder con

glomerates. The determining agency of the large rivers in the production of

the boulder beds of the Siwalik group (first prominently noticed by Mr. Medli.

cott) is further exemplified by the thick bed of coarse conglomerate laid down

nnconformably by the Sutlej on the upturned end of the Siwalik boulder

beds.

Section of Siwaliks between Naila and Babhor on the Sutlej.

Section, ascending, based on the ' Koseri' fault (vide Mr. Medlicott's Memoir,

Mem. Geol. Surv., Vol. IlI, p. 141).

Ft.

Brown and rod sandstones and clays (beds V of Medlicotfs section) say 3,000

Gray, pepper and salt, or greenish sandstones, soft and pebbly in massive

beds, with some intercalated beds of red clay sparingly ossiferous

(beds/2 of Medlicott's section) ... ... ... ... 2,500

A thick scries of brown or red or dark and greenish shales intercalated

above with yellowish pebbly sand clays and conglomerates ... ... 526

Coarse boulder conglomerates, boulders 3 to 9 inches in diameter ... 125

Coarse boulder conglomerates, but boulders increasing to 1 or 2 feet

in diameter... ... ... ... ... ... ... 1,100

Total ... ... 7,251

55. The precise thickness of beds referable to the Murree group in this section

is not well determined, but we have undoubtedly some 5,000 feet of upper Siwaliks,

though the highest.beds (a) do not come into the section. The group, we may

presume, is here at its thickest if Mr. Medlicott is correct in correlating these

deposits, with ancient lines of drainage nearly coincident with the present course

of existing river valleys.

56. The upper Kharian gray sandstones and conglomerates (beds d and e) are

not only the most universally present, but most homogeneous in character of any
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beds of the gronp ; but such is not the case with the topmost beds of the group (a, b,

and c). The clays and gravels of beds e are probably co-extensive and equally well

developed originally as those below them forming the natural conclusion of the

group above (a and b being of more local character), but from their position they

have suffered more from denudation, and even faulting, than the lower beds. For

example, north of the Kolonia river between Baiala and Katol, these beds are

composed of dark and yellow clays in thick beds, with alternating bands of not

very coarse gravel, and scarcely distinguishable from modern deposits, unless the

clays are perhaps more compact than is usually the case in newer beds. These

beds become highly inclined as they approach the boundary fault, which is here

not the 'main boundary,' but a fault which brings them into contact with lower

beds of their own group. Of this more hereafter.

57. The area covered by beds of these upper Khariilns east of the Ganges is not

usually broad, save between Kaladhiingi and the Patli 'dun,' their faulted bound

ary to the north being always soon reached at one of the great faults traversing

the group in lines more or less parallel with the direction of the outer ranges.

58. West of the Ganges, many beds of sand and clay, and the recent looking

gravelly accumulations which mark the coarse conglomerates of the ranges south

of the 'duns,' may really belong to the topmost division c of the Siwaliks, rather

than to newer deposits ; but it is never easy to ascertain very precisely the state

of the case, even when the beds are tilted, which the modern deposits of corres

ponding character rarely are, and never to the same extent.

59. The next spot going west, where these topmost beds of the Kharians are

largely developed, is under the cantonment of Bakloh, on

twEEE the road "P from PatMnkot to Dalhousie, and here the

general aspect of the beds is very peculiar.—Dunera Dak

bungalow stands, I should say, a little below, as far as its geological horizon goes,

the lowest limits of the d division of the Kharian group. Soon after leaving the

bungalow, bands of conglomerate appear in the sandstones, a slightly redder hue

being observable than is usually the case.—There is nothing, however, particularly

noteworthy till the bridge is crossed and the first ' choki,' 1 just across it, reached.

60. Conglomerates now come in (6), evidently homologous with the conglo

merates forming the highest beds of division d, but differing from the usual

type seen south of Dehra and elsewhere, in being far less homogenous in

character, and having the appearance of having been more rapidly accumulated.

The village of Bingha (below the road) is situated at the top of these beds,

about where division d would seem to succeed them.

61. The coarse conglomerates at this point give place to a very peculiar group

of clays, gravels, and fine conglomerates (a), tinged with the prevailing dark red

hue of the clay beds, and displaying the bulk of the pebbles in the gravel beds

coated with a dark lustrous glaze. This glaze, the result possibly of iron dissolved

out of the red clays, is not seen in the coarser conglomerates below, but is abruptly

marked above them, and I know of nowhere else where these beds present a

similar appearance. These topmost beds a are cut off by the Deireh fault, which

1 Changing place for bearer».
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runs under Bakloh, and brings them into contact with sandstone of an older group,

probably ' Murree' or ' Kasauli beds.

62. From Dunera to the top beds at the fault there can hardly be less than

6,000 feet of beds exposed, or thereabouts, all tipper Siwalik, and of which pro

bably 1,500 feet may be referred to the'highest beds a. I was not able to detect

any fossils on this line of section, though I searched particularly for them. East

of the Jumna, in the ' Dun,' the upper division c of sands, clays, and gravels is

not particularly well developed, or, what is more likely, has been so broken up by

denudation, and sheeted over by surface accumulations resulting therefrom, as not

to be specially distinguishable, where the dip of the beds flattens out, as is the case

with these topmost beds in the hills south of Dehra. After crossing the Beas,

however, to the west, this upper division c seem better represented, and so con

tinues to the Jhelum, though often, it would seem, at the expense of the lower

beds d. West of the Jhelum these conglomerates (d) are well developed in the

Rotas ridge, but east of the river throughout the KMrian hills, their place

is taken by the gravels and clays of division c. It is in these beds c, west of

the Jhelum, that the extraordinarily rich collection of fossils occur north-west

of Mt. Tilla near the villages of Asnot, Padri, Bhandor, and they are also

fossiliferous to a less degree east of the river towards Bhimber. The well

known route into Kashmir past Bhimber gives a characteristic section of the

Siwalik group west of the Beas. For about half way between Bhimber and the

crest of the first ridge (about Adital), the rocks are all these highest clays

(c) and sands, which but for their dip and association with the lower beds

might, many of them, pass for modern alluvial deposits. The outer, or Adital

ridge, is itself composed of the topmost beds of division e, the coarse boul

der conglomerates d being here represented by a few pebbly beds in the

sandstones e ; the entire sequence of all the beds being clearly seen on the road

to Sydabad, the first halting stage from Bhimber. On the ascent to the crest

of the Adital range, in a clayey bed high up in division e, I procured the isolated

upper molar of Hydaspetherium, but fossils are not common here, and isolated

and fragmentary. The maximum thickness of the sands and clays of division c,

between the Beas and Jhelum, does not fall far short of 5,000 feet, though this

includes, partly at least, the division d, or coarse boulder conglomerates, which they,

to a great extent, replace and represent. To this upper division must also be

referred the beds west of Babhor, containing Buhalus and Camelus, and which

would seem to constitute passage beds, as far as age goes, into the mammaliferous

clays and gravels of the Narbada, and other large rivers of the Peninsula, and the

same beds also would seem to occur near Rupar, where they have quite the aspect

of modern deposits, though without doubt the youngest member of the Siwalik

group, and inseparable ' therefrom. A marked peculiarity in the upper Siwalik

conglomerates west of the Jhelum, between the Chambal and Tilla ranges, is

the occurrence in them of pebbles and boulders of nummulitic limestone, red

granite, and dark purplish porphyries, hard and massive (' elvans'?) of which last

two rocks no known source exists in the Himalayan region. Some rocks from tho

Arvali ranges to the south are not very dissimilar, and strongly suggest an ori

ginal southern source of derivation for these rocks, which in the Salt Range are
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found in conglomerates of all ages from palaeozoic to newer mesozoic times. The

proximate source for the boulders in the Siwalik conglomerates east of the Cham-

bal ranges, is of course through the denudation of some of the above mesozoic

conglomerates in the Salt Range, particularly the boulder clays of presumed

cretaceous age or 'olive zone' (Wynne's Salt Range Memoirs, p. 103) at the east

end of the Salt Range.

63. The way in which the upper Siwaliks pass into sands and clays wholly un-

distinguishable from modern alluvial deposits, may be well observed in the Potwar

between Gujarkhan (on the Jhelum and Peshawar road) and the Bakrala range,

where it is only by tracing the beds down into tilted Siwalik strata that it is

possible to distinguish the horizontal Siwalik clays from the newer alluvium, and

yet beds, in other places about the same horizon, have participated in the most

prodigious faults which seem to have occurred synchronously with the final eleva-

tory movements of the Himalayan region, not earlier probably than in older

pleistocene times.

64. I now propose to say a few words on the faults which traverse the

Siwalik area, as they are not only intimately connected with the beds there,

but have an important bearing on the structural history of the Himalayan

region, and this is the more necessary, as a tendency exists in some quarters to

dispute their existence and explain away the results they have produced.

Between the Sarda and Ganges four principal faults may be specified—

I. The Gauri Ghat fault.

II. The Bniala fault.

III. The Patli ' dun' fault.

IV. The . fildhfing fault.

I. The Gauri Ghat fault.

65. This fault is the great boundary fault, whereby some division or other of

the Siwalik group is brought ' down' to the south into contact with the schists

and limestones of the hilly region of Kumaun, but I prefer calling it after the

spot where it crosses the Ganges to terming it simply the ' boundary fault' from

the uncertainty which exists in identifying it with the particular faults west of the

Ganges, which is its proper continuation in that quarter. It enters the district of

Kumaun from Nipal at the junction of the Ladhia river with the Sarda, and for

about 7 miles its course coincides with the channel of the former stream. It then

leaves that river, curving down to the south, and thence up to Durgapipal and

south of the Thali lake to the Gola river, which it cuts three times. It then pas

ses a mile south of the Naini Tdl Brewery (Shrab-batti) past Sinti to the Bam-

ganga and Mundal rivers, both of which it crosses a little above their point of

junction, and thence through the wild and hilly region north of the Patli and

Chokar ' duns,' past Jamniabagh to the Ganges, which it cuts almost midway

between Gauri ghat and Raiwala. Close to the Ganges it makes rather a sharp

bend to the south-west of Bunas, where it is joined by the Laldhang fault, but its

general course is either straight or with a very open curve.

66. For the first 20 miles of its course, from the mouth of the Ladhia river to

within a couple of miles of Durgapipal, the contact rocks to the south are lower

Siwalik strata, but at this point these lower Siwaliks are ' cut out' by the Baiala
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fault, which here unites with the last, and thence to the Gola river, the upper

Siwaliks form the contact rocks to the south. Here the fault is sharply deflect

ed across the strike of the upper Siwaliks, and the lower Siwaliks are thereby

once more brought in contact with it at Amratpur, and so continue till within

2^ miles of the Ganges, when the upper Siwaliks are again brought in by the

Laldhang fault, and so continue till the Ganges is reached a distance of 137 miles

from its starting point on the Sarda river.

II. The Baiala fault.

67. This fault has a short course of 21 miles from the Sarda river to the above

mentioned point near Durgapipal, where it unites with the last, enclosing between

them a thin wedge of lower Siwaliks, having an underlie to the schists and lime

stone to the north, and bounded to the south by upper Siwaliks with the same or

normal underlie of the younger rocks repeated. The greatest breadth of this

wedge of older Siwaliks is nowhere quite 4 miles.

III. The Patli 'dun' fault.

68. This fault is very obscurely seen so far as contact sections go, but is as

clearly marked as the others by the character of the beds on either side of it.

It commences north-west of Kaladhungi, and thence runs with a slight curve to

the Kosi river, which it crosses rather less than 3 miles south of Mohan, and thence

holds on right through the centre of the Patli ' dun,' cutting the Ramganga rather

less than 2 miles north of the Boksar bungalow. From this point, where it is well

seen in a tributary of the Ramganga, it runs nearly straight out, through the hills,

to the plains near Bagnala. It is a grand through-fault, bringing the upper

Siwaliks to the south into contact with the lower Siwalik of the north, except

where it runs out of the hills near Bagnala, in doing which it cuts back and down

through the upper Siwaliks, till the 'throw' is so diminished that lower ' Siwaliks'

are in contact with each other on either side of it. Its course is for 55 miles

through a densely wooded almost uninhabited country, where wretched wood

cutters alone, during what may be really termed ' the man-eating season (from

November to March), risk their lives in precarious and unequal rivalry with the

savage beasts of the wild, the skulking tiger, and wily and no less danger

ous elephant.

IV.- The Laldhang fault.

69. This fault, which is a very short one, has not been closely traced, but is

sufficiently indicated by the character of the rocks it separates. It is interesting,

as marking the termination to the east of the Ganges of the beds which as a range

of hills terminate at Hardwar. Though, however, the range of hills south of

Dehra cease at Hardwar, the rocks composing it cross the Ganges and reappear

on the opposite bank in the low hills of Chandi Pahar, whence they extend to

the eastward as far as the Paili stream. The lower beds next the plains present

high dips, being often vertical, whilst the upper beds gradually flatten out as

they approach the boundary fault (I). Did these beds continue across the Paili

stream they would come into contact with the lower beds about Laldhang, but

they are bounded here by a sort of bay of alluvium, which runs up the Paili
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stream and conceals the Laldliang fault, which cuts off the newer beds some

where about the positijn of that river, and brings the beds to an abrupt ending

which have crossed the Ganges at Hardwar. After a short course this fault runs

into the main fault 2 miles east of Jamnia Bagh.

70. Between the Ganges and Ravi rivers the principal faults traversing the

Siwalik rocks shown in Mr. Medlicott's map of the district, or indicated in his

Report (Mem., Vol. IlI, part 2), are—

I.—The Ganges fault.

II.—The Jumna fault.

III.—The Dehra 'dun' fault.

IV.—The Bilaspur fault.

V.- The Gnmbar fault.

VI.—The Deibreh fault.

VII.—The Koseri fault.

VIII.— The Babhor fault.

IX.—The Bhimgoda fault.

I-II.—The Ganges and Jumna faults.

71. These two faults, as well as the ' Laldhang,' are all cross-faults, and each

is the co-efficient of the other, inclosing between them the Siwalik strata of the

hills south of Dehra and the corresponding extension of the same beds east of

the Ganges. They are sufficiently described by Mr. Medlicott, so that nothing

need be added here by me.

III.—The Dehra Dun fault.

72. The course of this fault is so masked by the surface deposits of the Dun

that its course can only be indicated in general terms. There is no reasonable

doubt that the ' main' or boundary fault which crosses the Ganges from the east,

below Gauri ghat, holds on strongly up the 'Dun' and south of Dehra. Some

where, however, about Nagsidh station, 6 miles south by east from Dehra, it is

probable, that whilst the main fault holds straight on, it is joined by a cross-fault

from east of Rajpur. which there constitutes the boundary fault between the

hill-rocks and Siwaliks. The Dehra fault in all probability holds on past Kaz(-

pur and up the Giri river, till it unites with the great fault mapped by Mr.

Medlicott for 35 miles along the Giri river. This connection of the Dehra

fault with that on the Giri, and of this latter with the Belaspur fault, is of

course conjectural, but is supported by the fact of the hitherto faulted contact

of the tertiary and hill-rocks, here giving place to a natural junction by over

lap of younger tertiaries on to older rock of the same general age, a result

brought about by the fault holding on straight, whereas the hill-rocks here (mid

way between Dehra and Ndhan) bulge outwards, and are therefore themselves

cut and thrown for some 50 miles by the fault in place of the tertiaries whose

boundary is here deflected beyond its course.

73. This is the area where the much vexed ' Ndhari unconformity occurs, re

garded by Mr. Medlicott as an unconformity of upper Siwaliks on to lower (see

Manual, p.524), but by myself as an overlap of upper Siwaliks onto middle or npper

Sirmur beds, a view, I am happy to say, I am countenanced in by Mr. Medlicott's
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co-editor of that work, Mr. Blanford (see Manual, Introduction, p. xvii), who

brackets them with the ' Sirmurs.'1 North-west of Subathu this fault is not in

dicated on the map, but it probably continues through the hills and strikes into

the strong Bilaspur fault.

IV.—The Bilaspur fault.

74. This fault is the bonndary fault of the Siwalik group and the ' Sirmurs,'

and has been mapped by Mr. Medlicott for 40 miles to west of Mandi. Its

further extension is not indicated on the map ; but I have no hesitation in con

tinuing it past Burwani and under Bakloh to the Ravi, along the boundary

of the Sirmur and Siwalik groups ; and I think it most probable that most of

the rocks lying north and east of Jysingpur, coloured in Mr. Medlicott's map as

' Sivalik,' are really ' Sirmurs.' The ground, however, is unfavourable for

observation.

V.—The Gambar fault.

75. This, one of the most important faults in the area, is shown to commence

(in the map) 10 miles north-west of Kasauli, whence it runs, without a check

to the Ravi below Basauli, some 120 miles. It may, however, with certainty he

extended to the south-east some miles beyond Kasauli (running north of the

dak hungalow) , and in all probability holds on in the same direction till lost in

the troubled ground north-west of Nahan. In that quarter it not improbably

holds on (undetected) and runs into the line of the Bhimgoda fault, indicated

on the map by a dotted line past Kolar and Fyzabad. Locally, of course, even a

main fault may die out and re-appear on the same line ; hence, probably, the diffi

culty in some cases of tracing these features continuously. If it were necessary

to prove the variability which the same fault displays as regards the amount

of its ' throw ' at different spots, whereby a fault having normally a pro

digious ' throw ' may in parts of its course become obsolete and so avoid

recognition, I might instance the curious case of the Deihreh fault, which near

Nurpur, actually reverses its ' throw ' at Hurul, north-west of which spot its

' throw ' on one side is precisely the reverse of what it is on the same side of

the fault to the south-east. The neutral point of ' no throw ' is where the fault

crosses the Chuki stream at Hurul.

VI.—The Deihreh fault.

76. This fault, which presents the above curious instance of a ' reversal of

throw,' commences (on Mr. Medlicott's map) at the Sutlej and runs without a

break to the Ravi. To the south-east it probably is lost by joining some other

fault in the hills north of Nalagarh, and, although only marked as a dotted line

north-west of Deihreh, there is no question of its continuance to the Ravi.

VII.—The Koseri fault, and VIII.—The Babhor fault.

77. These two faults do not need special description. They are not traceable

east of the Sutlej nor west of the Ravi.

i This is quite too positive an assertion : Mr. Blanford has never been near the ground ; and

the ' bracketing' is only part of the compromise' explained with reference to the Moiree horizon

notes pp. 68, 75, 103.—H. B. M.

x



98 Records of the Geological Survey of India. [yol. xiv.

IX.—The Bhimgoda fault.

78. This is a short fault at the east end of the Siwalik hills, south of the

Dehra ' dun.' It has been fully described by Mr. Medlicott (p. 123 of his memoir)

as having a throw of "many thousand feet," which by turning back to page 118

(I. c.) we find to mean 15,000 at least, but there seems a slight obscurity as to

what were Mr. Medlicott's views on the matter, as the general turn of his argu

ment elsewhere seems directed against any ' cross faults,' which question I shall

consider presently.

79. The above faults are not by any means all that traverse the Siwalik area,

but merely the principal ones marked or otherwise indicated on Mr. Medlicott's

map.

80. Between the Ravi and Jhelum, there would seem to be a tendency in the

faults to become less marked ; and on the map of that country by Messrs. Medlicott

and Lydekker, this feature of the ground is not shown as such. That the same

boundary faults do not finally end between the Ravi and Jhelum is certain, from

the enormous fault under the Chita Pahar range, towards the Indus, between

the Khirthar limestone and the Siwaliks, and the slight notice of this feature

in the map above referred to (Records, Geological Survey, Vol. IX, p. 154),

may be due to diversity of opinion between its joint authors, or to other causes.

Mr. Medlicott's unconcealed hesitation to accept the explanation of ' faulted

boundaries ' in favour of ' folded ones ' is well known, whilst the passage I here

quote (p. 155, Z. c.) seems almost a protest by Mr. Lydekker against this parti

cular view of his colleague. " Along the inmost boundary of the Sirmur group,

there is a sudden break between these rocks and the inner metamorphic series.

The general dip of the former towards the latter group seems to show that this

junction, as it now exists, is faulted. I have never seen any instance where I

could distinctly assert that the red rocks had been deposited unconformably against

the base of a cliff of metamorphics, and although I have not found any traces of

the former overlying the latter beyond the fault, I cannot help thinking that such

an extension must originally have been the case to a certain extent, and that the

present relationship of the two has been brought about by subsequent up or down

thrusts."1

1 What may be meant by a ' folded boundary' is not clear ; but it is hard to be accused of a

prejudice against boundary faults immediately after the description of nine great faults (which

arc also boundaries), eight of which are quoted from me, and the odd one (No. IIl) rests, within

my area, only upon a case of " no reasonable doubt." The imputation rests upon the fact that

in one case 1 was able to prove that such an apparent fault was not one; and as in this case most

of the concomitant features exactly resembled those connected with faulting, I got a practical

lesson in caution as to what might or might not be faulting, and I indicated some features of the

' main boundary' corresponding with some of the exceptional features of my special case, suggest

ing the possibility that it too might not be primarily due to faulting, as was presumably the case

in those features which I had mapped as faults. 1 am satisfied that Mr. Lydekker understood

my objection, and applied it reasonably, though perhaps not conclusively, and that he would

disown the " disclaimer of any acceptance of the view" I suggested for consideration. There

was no diversity of opinion as to the sections in the Jamn hills ; our work there was too rapid

and discontinuous to permit of mapping such definite features as lines of fault. Some of these are

mentioned in the ' Manual,' pp. 567-68.— H. 13. M.
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81. This is a clear disclaimer of any acceptance of the view so persistently

nrged by Mr. Medlicott of the generally regarded faults being boundaries of

deposition modified by folding ; and with Mr. Lydekker's views, as opposed to Mr.

Medlicott's, I thoroughly agree ; and I may here offer a few remarks on the ' main

boundary,'1 towards the east end of the Dehra 'dun,' and give my reasons for

dissentin g from Mr. Medlicott's view, expressed at page 97 of his memoir (Memoirs,

Geological Survey, Vol. IlI, part 2), that " the sharp irregularities in the main

boundary,1 such as that just east of Rdjpur, and again that east of the Ganges,

are not due to cross faults."

82. I must first of all eliminate from consideration the second instance of irre

gularity east of the Ganges, as the feature has no existence quoad any cross fault

ing of the Siwalik boundary. By referring to the map which accompanies Mr.

Medlicott's memoir, it will be seen that a narrow strip of ' Ndhan ' sandstone is

seen stretching down from Rikhikhes along the hills east of the Ganges, and con

nected with the Siwalik sandstones ('Nahan') opposite Hardwar. At page 116

these Rikhikhes beds are thus alluded to :—" At Rikhikhes the sandstone beds are

vertical, with a northerly strike. In a line nearly due sonth of this, at the opening

of the Mitiwali sote (torrent), the same rocks are in contact with the Siwalik

conglomerates, and both are vertical, with a strike to north by east ; up the sote,

however, after a space of uncertainty, the dip becomes steady to north-east, the

strike thus conforming to the new direction of the boundary." Now, the fact

is, there is no such continuous strip of sandstone from Hikhikhes south of any

description, and although the ground is much masked by detritus, I at threo

spots ascertained that the metamorphic rocks abutted on the plains. One spot

was on the road to Ganda Bairi, 3 miles south of Rikhikhes ; another, in a

stream a mile further south ; and the third, in the Eheng nadi, which gives a clear

section of the ground. In not one of these three spots was any sandstone dis

played outside the metamorphic area. Two miles south of the Bheng nadi, the

main boundary fault runs straight to the Ganges skirting Jamnia Bagh, the

Siwalik beds now coming in abruptly. The ' step back,' therefore, of the meta

morphic rocks, for anything that appears to the contrary, from Jamnia Bagh to

Rikhikhes, may be simply a denuded bay ; but I think it has a probable relation to

the cross-fault previously described as seen at Hurdwar. To return now to the

Rikhikhes beds. What are they ? The only thing that seems certain about then,

is, that they are not Siwaliks ('Nahan') as Mr. Medlicott supposes. In the first

place, they are like no Siwalik sandstones I know ; but are not very unlike some

sandstones, in a precisely similar situation as regards proximity to the metamorphic

rocks, near Mandi, which I have long considered as of Sirmur age. Secondly,

whilst more than 9 miles from the ' Siwaliks' at Jamnia Bagh, they are only a

third of that distance from a small area of Sirmur rocks shown on the map to

the east. Thirdly, they are on the wrong side of the great bonndary fault, and

that to me is conclusive—no instance being known to me of any Siwalik rocks

being found on the inner or upthrow side of this great structural feature. This

(boundary) fault then crosses the Ganges below Gauri ghat with all the appear-

1 The main boundary is that of the ' hill rocks and ' Siwaliks,' save in a few placos where

otherwise specified.
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ance of holding straight up the * Diin' a little south of Dehra probably. I cer

tainly so far agree with Mr. Medlicott that I do not think this fault is itself deflected,

and gives rise to the zigzag boundary of the hills between Rajpur and the Ganges,

but it is by no means easy to say whether their outline here is or is not the result

of cross-faults and ' subsidiary' ones parallel to the main one holding up the

centre of the 'dun'.1

83. Mr. Medlicott's argument against cross-faulting seems to me singularly

inconclusive. Speaking of the step-like outline of the hills between Rajpur

and the Ganges, Mr. Medlicott says, page 115 I.e.) :—" I have already appealed

1 It is very unpleasant having to deal with such dogmatic utterances as Mr. Theobald indulges

in, making it so difficult to avoid debasing discussion into mere contradictions. Of the " Siwalik

boundary" so summarily treated in the first sentence of paragraph 82, I have no cognizance. A

the point in question, it belongs to the hypothetical ' Dehra-dun fault' described in paragraph 72,

as a supposed continuation of the ' main boundary' east of the Ganges, where it is described by

Mr. Theobald as the ' Gauri ghat fault' (paragraph 65) ; but in neither field-map nor report is there

a single observation recorded in evidence of the existence of such a fault at or west of the Ganges.

I am by no means prepared to deny its existence there, but it makes nonsense of our work to in

troduce such a conjecture as a turning point in an argument on an important question at issue.

Verbally Mr. Theobald would be correct in saying that the strip of sandstones at the base of the

hills south of Kikhikhes is not continuous, had he added ' at the surface ;' but geological maps

would be unintelligible were we only to map outcrops, and the assertion, as intended to be under

stood absolutely, is extremely rash. In this, almost only, instance, some evidence is afforded for

the assertions made, and I am able to prove that the observation is erroneous. Of the three sections

mentioned, that of the Bheng is the only important one, as being the most southerly and westerly,

the other two being within my inner boundary ; of this Bheng section I give here a verbatim ex

tract from my field book of that date (6th of March 1860) ; it is independently interesting as a

re-ord of the only authenticated case (as yet) of fossils being found in the Lower Himalayan

rocks, as noticed at page 69 of my memoir (I.e.,) where the stream is mentioned as the Til, the name

of one of its affluents. " Went up the gorge of the Ti1 through the first ridge to where the valley

divides. Here a strong bed of hard sandy limestone, obscurely fossiliferous, dips high to East 35°

North. In tho river here and all through the gorge great blocks of the ferruginous rock occur.

Ibis limestone is associated with clear pale red grits and thin earthy schists, also grey schists,

sometimes the red is variegated like the middle Krol type. These are surrounded by the dark glossy

shnly schists and ferruginous sandstones, with copious alum efflorescence, crushed. Below this again

the red and gr»y schists are repeated, and also the thick limestone, with somewhat more distinct fossils

and dipping to west-south-west, suggesting an anticlinal. Further down, at crossing of road,

the efflorescing shales appear again, and then pass down into the black crushed fault-rock, with

jmassivc and broken beds of whitish and green quartzitc. Below about 100 yards of this, there is

ust a remnant of the outerjunction rods, the light-grey Siwalik sandstone, and bright red clay :

a quarter mile below this, in the bank of angular gravel, is a bed-like mass of hard quartzite

sandstone ; it can hardly be in situ. The terraces between the hills and the river are of this super

ficial boulder gravel."

Regarding the identity of this sandstone, I can only re-affirm the statement which Mr. Theobald

declares to be certainly wrong, that it belongs to the Kahan band of my classification. The

second clause of the argument admits of more satisfactory treatment: had Mr. Theobald visited the

small outlier on the ridge at Bhuwan (' Bone' of my small map), or intelligently considered my

description of it (I. c, p. 88), he would hardly have suggested any connection between it and the

Rikhikhes sandstone. The Bhuwnn beds are lowest Subithu clays and earthy limestone, isolated

on the slates on the crest of the ridge, quite 2,000 feet above the sandstone at Itikhikhcs. Mr_

Theobald's third point, which he considers ' conclusive,' rests again upon his imaginary ' Dhera-duu

fault.'—H. B. M.
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to this fact as almost precluding the supposition of this boundary being one con

tinuous fault of enormous throw ; but there is a supplementary supposition by which

that view might still be maintained, the sharp step-like form of these irregularities

- suggests the existence of cross-faults. We do not, however, find a single fact of

detail to corroborate such a view. In that marked example of the Kalunga ridge

east of Rajpur and Dehra, the boundary runs directly for 5 miles to north by

east at right angles to the direction of the Masuri ridge at about its middle, the

angle of the boundary being only 4 miles distant from the crest ; yet on that

ridge we find not a trace of such a transverse breale." To this argument, I simply

ask, " why should we ?" These ' cross faults,' supposing they exist, are avowedly

subsidiary to the main feature of the boundary fault, and quite as likely as not

limited to its neighbourhood ; and there is no prima facie ground that I can see for

assuming that a cross-fault of this character should or would leave its impression

or traverse such a range as the Masuri ridge. Mr. Medlicott goes on to say : " It is

fortunate this example exists, for one might be tempted in the greater case just east of

the Ganges, to take as evidence of this kind the distinct termination of the Masuri range

about this meridian." To this I say, " And why not" ? Because a cross-fault at

Rajpur has left no trace of its existence either south of the great boundary fault

in the hills south of Dehra or any mark of its course in the Masuri range to the

north, and is not improbably therefore possessed of a limited throw and short

course, why are we to assume therefore that such a fault as the Ganges fault at

Hardwar, with a ' throw' calculable by many thousand feet, should equally leave

no trace of its presence in the mountain region, its effect at Hardwar being

undeniable ? Buch a fault as this might fairly be supposed capable of crossing

the ' boundary' or ' Gauri ghat' fault, when a smaller one, such as might produce

the local feature of the boundary east of Rajpur, could not do so. The evidence,

therefore, adduced in disproof of cross-faults is quite as much in their favour as

against them. The probabilities, therefore, seem to me in favourof this explanation

of the irregularity of the boundary of the eastern ' dun,' for I quite hold with

Mr. Medlicott that this boundary is not coincident with the ' main fault,'

which I have described as holding probably straight up the ' dun,' where, of course,

it is masked by surface deposits.

84. The question, however, of how far the extinction of the Masuri range at

the Ganges may be due to such a cross-fault, as the ' Ganges ' fault can only

really be decided by an examination of the ground with that special object in

view, and this has not been undertaken. There is, however, one indication which

favours the connection of a cross-fault with the structural features of the

mountains at the point where the Ganges enters the ' dun.' If the Ganges fault

exercised any determining influence on the extinction of the Masuri range, it can

only have been by effecting a 'downthrow ' of the hills on the opposite or east

bank of the Ganges. Now, the presence of the Rikhikhes sandstones and the

Birmur outlier east of them it, in my opinion, an indication, if not actual proof,

of such a movement—the ' downthrow ' in question being the cause of these

remnants being preserved intact when all trace of the group to the eastward

has disappeared. The operation of the fault in this respect may be very local

and mainly effective in the G anges gorge itself ; but the presence of this small
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Sirmur outlier just east of the Ganges is to me very significant of a connection

with the huge Ganges cross-fault so ably described by Mr. Medlicott at

Hard-war.'

85. There is no doubt that this disinclination on Mr. Medlicott's part to the

idea of cross-faults in the above case is but the result of that general distrust

of ' faults ' of any sort, and the preference for ' folding ' of the beds along an

original line of deposition, rather than 'faulting,' which seem to have resulted

from his study of the Markanda section, and ever since has influenced Mr.

Medlicott's views. These views are ably set forth in his memoir (p. 109), but

they have failed to convince either Mr. Lydekker or myself, who are both fami

liar with the same ground.'

86. That I may not be considered of over-exaggeration of the particular

bias against ' faults ' which I here attribute to my colleague, it will sufhce, I think,

to say that in his paper on the Sub-Himalayan series in Jamu (Records,

Geological Survey, Vol. IX, p. 49), Mr. Medlicott has successfully contrived to

omit using the word 'fault ' throughout, though the ground treated of is that

into which the great faults of the Simla and Kangra districts run.

87. One passage in the above paper I cannot pass without comment. At page

56 (I. c), speaking of Mr. Wynne's describing his Siwalik sandstones in Kohat

and the Salt Range as ' Nahans,' whilst Mr. JBlanford lumps both ' Nahans ' and

Siwaliks together, in his Manchar group, Mr. Medlicott thus alludes to myself :—

" It is but right to explain that these opposite mistakes are largely due to somo

unpublished work of Mr. Theobald's in 1873-74, who, starting from the Sutlej,

somewhat arbitrarily restricted the Siwalik group to the outermost range of

hills, and mapped all the rest as Nahans up to the trans-Jhelum country,

though finding in them fossils of the Fauna Antiqua Sivalensis—the object set

before him being to work out the presumed distinction of the Nahan and Siwalik

faunas."

88. Now, any one by consulting the Manual of Geology can see that the

Nahan group is unfossiliferous (Introduction, p. xv), so the object " set before

me," the elucidation of its fauna, was naturally unaccomplished, and as for the

' arbitrary ' restriction I am accused of devising, a glance at Mr. Medlicott's

own map (Memoirs, Vol. Ill) will show that the arbitrary division I was en

deavouring to work was my critic's own devising ! Certainly I tried to carry

out the separation previously established, promulgated, and mapped by Mr.

' In the said * able* description I gave reasons for considering the Hardwir cross-fault to

be a southern break off of the BMngoda longitudinal fault ; the beds to the east of the river being

apparently in complete correspondence with those to north of the fault on the west. In connect

ing the Hardwir fault with his imaginary great fault up the gorge of the Ganges at Ilikhikhes,

Mr. Theobald has forgotten to explain its having no effect whatever on his favourite Dehra-duu

fault, which he describes as directly continuous with his ' Oauri ghat fault.' It would be easy

to supposo it the younger of the two; but then the BMngoda-Hardwar fault is of very recent

date, as it affects the newest Siwalik strata. Many other anomalies might be noticed iu

Mr. Theobald's presentation of the cross-fault question, were there any seuse in discussing geology

in nubibut.—H. B. M.

1 Mr. Lydekker has never seen the ground in question.—H. B. M.
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Medlicott, and my failure to do so was (as I hold) inevitable and inherent in

the problem I had undertaken to solve.1 The ' Nahan ' highlander was, in fact,

found to be not possessed of the faunal ' breeTcs ' which I was specially commis

sioned to deprive him of ! As for imputing to me as a culpable error my mapping

as ' Nahans' (before I was led to abandon the group as untenable) beds con

taining fossils of the Fauna Antiqua Sivalensis as Mr. Medlicott phrases it, the

imputation is flimsy in the extreme. If the Nahans were ' Siwaliks' as Mr.

Medlicott contends, they might not unjustly be supposed to contain fossils of

the Fauna Antiqua Sivalensis. But the ' Markanda' unconformity has been

discussed ' ad nauseam.' Mr. Medlicott goes on to add : " Whatever value may be

ultimately assigned to the unconformity which originally suggested the separation

of the Nahan group in the cis-Sutlej region, the distinction of the zone as a

comparatively barren formation at the base of the great mammaliferous Siwalik

deposits will hold good even if the fossils, whenever discovered, should make

it desirable to designate the group as lower Siwalik." Now, this is not very clear

to me, as the great ' crux ' of these newer tertiaries is the great ' Nahan ' uncon

formity in the Siwalik group, the 1 Nahans ' being always regarded as lower

' Siwaliks,' and not (as I believe them really to be) part of the older Sirmur

group.

89. It is true, in the Manual Mr. Blanford (correctly, in my opinion) brackets

Nahan and Kasauli beds (Introduction, p. xvii) ; but this neither is nor ever

has been Mr. Medlicott's view, and we consequently find at page 524 of the

Manual ' Nahans' bracketed as lower Siwaliks : hence the difliculty I have in

understanding the above quotation. The next sentence, if more clear, is equally

erroneous : speaking of the ' Ndhan' group Mr. Medlicott says—" It has now

been traced with fair certainty into the trans-Jhelum country, where it is

represented by several hundred feet of sandstones and clays immediately over

lying the nummulitic limestone on the east end of the Salt Range." This

I have endeavoured to show is wholly erroneous, mammalian fossils pervading the

Siwalik group in that situation, and the whole facies of the group, save locally at

a few spots (at Bakrala, &c.,) indicating a middle Siwalik horizon at lowest for

the contact beds of the group reposing on the nummulitic limestone. Mr. Medli

cott goes on to add (with regard to his lower Siwalik or ' Nahan' division), what

I suppose he would designate as a compromise between his view of the Siwalik

relationship of these ' Nahans ' at page 524 of the Manual and Mr. Blanford's

arrangement of them in the Introduction (p. xvii) with the Sirmur ! a The pas-

i The judgment in the Manual was largely the result of Mr. Theobald's failure in the

special object of his commission—to find fossils in the Nahan rocks ; where there can be little

doubt of their presence (see note, p. 71). Arbitrary divisions are sometimes necessary : the glance

at my map will also show that the arbitrary division made by Mr. Theobald was the precise

reverse of that adopted by me—a course which the reader of these pages will surmise to have

been a priori probable, although I am quite convinced that of personal animosity there was

none.—H. B. M.

3 With a substitution of facts for persons this sentence would give the clue to nil Mr. Theobald's

confusion. The very object of the paper quoted, giving the general result of a trip through the

Kangra and Jnmu hills, was to exhibit the contrast in the sequence of the tertiary scries in the

Simla and the trans-Jhelum regions (250 miles apart). Mr. Theobald represents this fact and the
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sage runs thus (Records, Vol. IX, p. 56) :—" It seems very doubtful whether it will

be practicable or desirable to separate this band from possible representatives of the

upper Sirmur strata in the vastly greater thickness of purple sandstones and

clays transitionally overlying the Subathu group in the Himalayan region proper

to the north of the Salt Range." It is impossible to say after this which view

Mr. Medlicott elects,—whether the ' Ndhans ' are ' Siwaliks ' or ' Sirmur.' Mr.

MedHcott's ' crucial section ' at Nahan has always been appealed to by him to

prove a great unconformity in the Siwalik group, the Ndhans being lower Siwaliks.

The idea of the ' Ndhans ' being possibly ' Sirmurs ' he quietly dismisses with

" Those who have examined the rocks are least disposed to adopt this supposi

tion" (Manual), p. 540. Now, as the Manual is of later date (quoad publication)

than the passage quoted from the Records, it is doubtful which may be Mr. Medli-

cott's matured view ; but the passage in the Records almost looks as if it was

written with a view to meet the subsequent divergence of opinion between the

joint authors of the Manual on this point. Of course, I fully agree with

Mr. Blanford's view, as expressed in the Manual, rather than with Mr.

Medlicott ; but even as a compromise the passage in the Records is unsatisfactory,

not to say unintelligible. Mr. MedHcott's discovery of a Siwalik unconformity

which no one else has ever managed to re-detect elsewhere has been for many

a weary year the one unnegotiable and insuperable difficulty in the study of the

newer tertiaries ; it being an ever-present ' nightmare ' to the geologist who

should endeavour the correlation of different beds ; and now Mr. Medlicott would

seem inclined to heal all difficulties by foregoing the separation of these Ndhans

from ' Sirmurs ' whilst tenaciously maintaining the luckless union of them with

' Siwaliks , rather than adopt the palpable course of regarding the ' Nahans ' as

upper ' Sirmur,' having no connection with the widely unconformable Siwaliks

overlying them ! It is very illustrative of the extreme difficulty of grasping or

refuting Mr. Medlicott's views, owing to the subtle but no less complete contra

diction which one page of the same paper displays when contrasted with some

statement on another page, that, only a few pages before Mr. Medlicott records

his doubt if the ' Nahans ' can be separated from his upper ' Sirmurs' (Records,

Vol. IX, p. 56), we read as follows (p. 50) :—" The second break in the

eastern section occurs where the Nahan rocks abut against the old slaty rocks

of the higher mountains, high upon which there rests an extensive remnant

of still older tertiary deposits, including at their base the nummulitic beds

of Subathu, transitionally overlaid by the red clays and gray sandstones in

distinguishable zones, to which I gave the names Dagshai and Kasauli. I

provisional compromise consequent thereon as a glaring contradiction between consecutive pages

of my paper, and as a difference of opinion between Mr. Blanford and myself, both of which

fancies are without any fonndation. The grievous fact Mr. Theobald does exhibit is his own

inability to understand that two groups of a series may be indistinguishable in one section,

although each is fully represented, while the two are markedly separated in a distant section.

My conjecture as to the precise horizon of the lowest beds of the neogene division in the east Salt

Range may easily have been erroneous, but that is a very immaterial point.—H. B. M.

1 Were not Mr. Theobald evidently in a fog, this statement could hardly be accepted as

ingenuous : tho ' quiet dismissal* is a subsidiary sentence in a prolonged argument (see passage

referred to).- H. B. M.
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subsequently described these three older bands as the Sirinar group, it being

desirable to restrict the name Subathu to the nummulitic zone proper. Thoro

was little direct evidence as to how far the boundary between the Nahan

and Sirmur groups might also be an aboriginal unconformity, or altogether

due to flexure and faulting ; but the fact that in the lowest outcrops of tha

Ndhan band, over a very large area, no symptom could be detected of the very

characteristic Suhdthu zone, nor any specific representative of the Kasauli beds,

which in the contiguous area are repeatedly marked by peculiar plant-layers, gavo

strong presumptive evidence for the supposition of aboriginal unconformity." 1

This is a remarkable passage as preparatory to the declaration half a dozen pages

farther on that it is neither practicable nor desirable to separate the 'Nahans '

from the Sirmurs ! (page 56, I. c.)

90. But it is more than this, it is essentially confusing and misleading. On the

supposition which it argues to support, that the ' Nahans ' are unconformable

to the Sirmur group, why should we expect in the deepest section of the 'Nahans '

to find 'symptoms' of the "very characteristic Subathu zone" from which the

'Nahans' are severed by the entire thickness of the Dagshai and Kasauli

divisions ? On the opposite supposition advocated by myself that the ' Nahans '

are really ' upper Sirmurs,' the only deduction at not finding Subathu beds at

the base is that the section is not deep enough. But the main question is, which

of these two views are we to consider Mr. Medlicott finally adopted ? that on page

50 or that on page 56, both of which I have quoted, and as greater maturity can

hardly be conceded to a statement at the end of a paper than attaches to a state

ment on an earlier page of the same, the simple result is perplexity to the reader !8

91. Then, again, it is simple exaggeration of a very obscure feature to say that

the Kasauli group is "repeatedly marked by peculiar plant-layers". The number

of ' plant-layers' has never been determined, or if there is even more than one,

and the plant localities do not (to my knowledge) exceed three—two near Kasauli

and one west of Dharmsala, so that to apply the word ' repeatedly as it is applied

by Mr. Medlicott, almost as though these plant-layers were a universal feature

of this group, is, to say the least, a stretch of language calculated to mislead !

92. There is one passage in the Manual which I must here draw attention to, it

occurs at page 542 : " If this link should be confirmed, we should have to recast the

view sketched above regarding the relations of the cis and trans-Jumna Siwaliks,

for there is every reason to suppose that the massive sandstone of the Nun is the

same as that of Nahan, with which it may be said to be continuous." Now if there

is one thing more than another which is clear about this Nun section, it is that the

rocks are the strict homologue of those in the hills south of Dehra, and have no

connection with those at Nahan, with which Mr. Medlicott describes them to be

continuous. In a geographical sense they may be contiguous, but they are gray

sandstones terminating upwards (their order on the ground being inverted) in

conglomerates, the Nahan rocks being nowhere known to contain s-o much as a

pebble. Another marked instance of this confused use of the term continuous

1 The italics are Mr. Theobald's.

» See note 2, p. 103.

0
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and its application in correlating utterly discordant phenomena occurs three pages

previously (page 539), where we are told: "Within the Nahan area the junction

of the Siwalik and Sirmur series corresponds with what we shall constantly

refer to as the main boundary, for we may fairly give the name to the most per

sistent and striking feature of the whole mountain region the abrupt junction of the

slaty or schistose rocks of the mountains with the rocks of the Sub-Himalayan

zone". Now, the only correspondence here is one simply of direction, and this

feeble element cf Similarity has led the writer into the absurdity of describing

the faulted boundary of A and B as corresponding to the natural boundary

between B and C (A=Slates, B Sirmur, C Siwaliks). The fact is, there is no

continuity sav e the feeble one of direction or geographical position between the

inverted upper Siwaliks on the Nun and the Nahan beds trans-Jumna. They are

totally distinct lithologically, and the continuity is no doubt physically broken by

the great Jumna cross-fault. Their lithological characters moreover are sufficient

to dissociate them (putting any fault out of our mind) as much as though one

set of rocks consisted mainly of chalk and the other of cheese.1

93. The allusion ( 1. c. ) to a view once suggested by myself regarding the hills

south of Dehra being possibly Nahans refer to a time when I was hampered by

the difficulties of the Nahan unconformity and before I rejected the idea as unten

able. The fact is, the great abundance of fossils west of the Jumna is a feature

dependant on local conditions of the country during Siwalik times and the distri

bution of Siwalik animals during that period. Fossils are very rare between the

Jumna and Ganges, and east of the Ganges are wholly wanting, though there is no

want of beds in that quarter strictly homologous with those which have proved

so rich in animal remains west of the Jumna.

94. In a word, the Ndhan tinrovformity is one of two things in my opinion.

Either an overlap of supra Siwalik beds, on to the denuded surface of Siwalik beds

rather low in the series, or an overlap of upper Siwaliks on to upper or middle

Sirmur beds. I confess I inclined to the former supposition, but as Mr. Medlicott,

after re-examining the spot, has reaffirmed his original determination of the upper

beds to the Siwalik group, Manual, page 537, I have no option but to advocate

the latter explanation of the section, as Mr. Medlicott's original view of a break in

the middle of the Siwalik group of the magnitude seen at Nahan seems supported

by no sufficient evidence.2

I will now pass to a brief recital of the lithological characters and division of

the Siwalik group.

1 The words ' continuous' and * corresponds' in the passages referred to are used by me

in their strictest sense, implying identity. Both views are stated impartially ; and Mr. Theobald's

contribution to a solution of the difficulty amounts to a simple contradiction. The ' chalk and

cheese' blunder was independently made by Mr. Theobald himself (see para. 93).—H. B. M.

3 This concluding passage is a d< lightful calm after the furious storm raging through the

preceding paragraphs. After portentous struggles the victim mildly accepts the position which,

but a moment before, had been ' rejected as untenable.' May he long live in this more reasonable

mood !

To save the incautious, I may make the scarcely necessary remark that, the following classi

fication of tLe Siwalik series is provisional and individual, and in some respects unique.—H. B. M.
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CONSPECTUS OP THE GENERAL LITHOLOGICAL CHARACTER

OP THE SIWALIK SERIES.

Upper Siwalik, or Kharian beds 8,000.

A. Upper Kharidns.

(a). Red clays and gravels. Pebbles iron stained and highly 'glazed' with a

dark pigment. Fossils none.

Hills below Bakloh, Kangra district.

(J). Very coarse and in part sub-angular conglomerates in very thick beds,

stratification obscure, and materials heterogenonsly arranged. Fossils

none.

Kangra district.

(c). Reddish or buff clays, stiff and massively bedded. Sands and gravels

passing up into coarse conglomerates, the whole undistinguishable

from modern river deposits. Fossils locally numerous.

The Siwalik group passim.

B. Lower Kharidns.

((f). Coarse boulder conglomerates. Boulr1erB well rounded, and ranging from

1 to 3 feet diameter (occasionally a larger one up to 4 feet). Fossils

rare.

Hills south of Dehra, Babhor, near all the great river gorges—

Jumna, Chinab, Indus.

(e). Gray sandstone, more or less pebbly, with subordinate beds of red-brown

or buff clays. Passim. Fossils common.

). Gray greenish sandstones without pebbles, with clays interstratified,

clays usually reddish or brown. Passim. Fossils not common.

Lower Siwalik, or Mdrree beds, 8,000.

C. Upper Murrees.

(g) . Gray, brown, greenish or purplish sandstones, with red or purplish clays.

Pebbles exceptional, if not wholly absent. Passim. Fossils rare.

D. Lower Murrees.

(A). Gray, brown, greenish or purplish sandstones, with red or purplish clays.

Pebbles exceptional, if not wholly absent. Numerous beds of ferru

ginous concretionary clayey sandstone, very tough and pseudo-conglo

meratic or sub-lateritic in aspect. Passim. Determinable fossils, none.

a and b are local and unfossiliferous : e is local, but probably from de

nudation, more than original restriction, it is richly fossiliferous at Jabi

near Jand : d is of universal distribution ; it is sparingly fossiliferous,

from the constitution and conditions of deposition : e is of universal

distribution, and has furnished the bulk of the Siwalik fossils : f is

simply the basal continuation of e ; fossils in it are scarce.
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g.—These are the basal beds of the Siwalik group, west of the Jhelnm,

unless a few lower beds may be included north, of the Potwar.

Fossils throughout, but not common.

h.—These are the basal or lowest Siwaliks anywhere, and no determinable

fossils have hitherto been detected in them. The lower Siwaliks, g and

h, are distinguished from the upper by the deeper colour of their beds

and by their greater induration ; but this change is gradual through-

out the entire group, and reaches throughout the whole tertiary series.

To quote Mr. Medlicott, speaking of rocks younger than the Subathu

(Memoirs, Vol. IlI, Part 2, p. 13) :—" The rest of the sub-Himalayan

rocks might, from some general considerations, be regarded as one group.

Although the accumulated thickness would be enormous, there is

much greater sameness of composition throughout than I have

described in the Subathu group. The structural character and com

position of the Siwalik rocks, already so well marked in the Dagshai

and Kasauli beds, continued without exception through all the succeeding

deposits."

There is, of course, a certain amount of qualification to be made as regards

the coarse beds in which the Siwalik group terminates above ; but, with this

exception, the uniformity of facies throughout so enormous a thickness is very

striking, and the gradual and insensible manner in which the change in mineral

character is brought about. The entire group displays red clays ; these in the

upper portion (A) being also associated with brown and buffish clays, and in the

lower portion (B) with purplish, besides themselves assuming a darker hue.

The Upper Kharians (A) are characterised by very coarse, heterogenous conglo

merates (a). These give place below to the normal boulder conglomerates (d)

of the Lower Kharians (B). These beds (<2) in their turn pass down into the uni

versal ' grays ' (e), and they by an even more insensible gradation into the finer

and non-conglomeratic beds (/). In none of these beds can induration be said

to be a marked character, as the result of compression, though some bands of

the ' grays ' are intensely hard from chemical infiltration, and such beds are

sought for the manufacture of millstones in consequence ; but in the Murreo

beds (C) a certain amount of induration is developed, and this increases still more

in the lower portion of the group D, though perhaps this feature depends on

local circumstances. For example, on the flanks of Diljaba range, the basal

beds have locally much of the harsh aspect often seen in lower ' Murrees ' (h) ;

but it is very questionable if they are more than upper ' Murrees ' (g)—the appear

ance in question being the result of the dynamical or other forces they have

been subjected to, consequent on the elevation of the sharp Diljaba range.

Paleontology op the Siwalik Gboup.

I will now: consider the distribution of Siwalik fossils, and will first draw

attention to a iahle prepared by Mr. Lydekker in Records XII, p. 49, from which

my esteemed colleague draws the following deduction (i. c, p. 51) :—" The table,

in fact, shows that ute more modern genera are mainly characteristic of the coun

try to the east of th^ Jhelum, while the Punjab, Sind, and Perim island are

\

s
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characterised by an older fades of genera. The Sind fauna is consequently to be

regarded as the oldest of the Siwalik group ; that of the Punjab and Perim

island, probably the next in age ; and the Siwalik of the Dehra ' dun ' and the neigh

bouring country as the newest of all." Now, I should be extremely unwilling to

challenge the dictum of my colleague on a question of pure palaeontology ; but as

the above dednction touching the Siwaliks of the Dehra ' dun ' is entirely opposed,

in my opinion, to the stratigraphies! history of the Siwalik group, it is necessary

to examine a little into the ground whereon it reste ; and it by no means is so

apparent that the ' table ' which is appealed to will support the deduction, even

palseontologically. 1

The main point asserted is, that " genera of an older facies " characterise the

countries west of the Jhelum than are met with to the east of that river,—the

countries passed under survey being grouped, respectively, Western Punjab,

Sind, Perim island, and Eastern Punjab, Sylhet, Burma. Now, in the first place

(as conceded by Mr. Lydekker), a corrective process must be applied, and genera

excluded from consideration which, from their rarity, would probably interfere

with a reliable comparison of the better-known elements of the fauna of the two

areas. Then, again, it must be remembered that Mr. Lydekker's result largely

depends on the preponderance of small species in this western area, and of large

species in the eastern ; but caution is necessary here. The western area of the

Punjab and Sind has been explored by officers of the Geological Survey, and

numerous small and rare forms therefore recorded in this table ; but the eastern

area was well searched by the pioneers in Indian palaeontology long before the

survey commenced operations ; and, though some small forms have been de

scribed, the larger and more conspicuous fossils were what first received attention,

to the neglect of smaller ones. A great number of small fossils were, however,

collected, of which we now know nothing, as the same were made over to the custody

of the British Museum authorities, by whom they have been either mislaid, lost,

or otherwise made away with! (Falconer, Palaeontological Memoirs).

Applying, then, such a clarifying process, as the case requires, to the table in

question, the result becomes considerably modified. In the analysis now given,

an asterisk denotes genera represented by unique (or nearly so) examples. A

few necessary corrections are made : Leptobos is given in place of Peribos,

1 I have since this was written heen favoured with an intimation that I have entirely mis

understood my colleague's conclusions. Mr. Lydekker observes : " My point was, that the fossi-

liferous horizon in the western area was older than that in the eastern, which he [myself] admits

to be the case." Now, as thus put, I admit nothing of the sort, as the whole misconception

arises from treating this ' western area' as a unity, when it is really not so. Sind is a western

area, and in it, the facies of its fossils, correctly reflects the low horizon at which they occur. But

at Jabi near Jand, which is also a western area, the fossils occur in beds quite as high as any

exposed in the Duns to the eastward. Consequently we cannot generalise to the effect that the

Siwaliks of tho Dehra-dfin are the newest of all. Mr. Lydekker adds : " No question was ever

raised as to whether there might not be representatives of the fossiliferous eastern horizon

among the unfossiliferous horizons in the west." This is satisfactory, as proving [there is no real

difference of opinion on the subject between my colleague and myself, but I must leave it to the

reader to determine if there were not colourable grounds for my interpreting my colleague's

words (already quoted) in the manner I did, though erroneously so as it now appears.
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abolished by its author ; Bucapra is added ; and Stegodon is extended west of the

Jhelum (fide Falconer).

Extinct genera east or v;est of the Jhelum, or common to both areas.

[• Marks rare or unique specimens, and ns such excluded from consideration.]

West of Jhelum. East of Jhelum. Common to east and west.

Machairodus.* Enhydriodon.* Pakeopithecua.

Pseudaelurns.* Choeromeryx. amphicyon.

Ictitherium.* Sivatherium. Hyoenarctos.

Dinotherium. Visbnntherium. Mastodon.

Acerotherium. Hemibos. Stegodon.

Listriodon. amphibos. Tetraconodon.

Hippopotamodon.* Leptobos. Hippohyus.

Snnitherium.* Mcrycopotamus.

Hyopotamus. 7-l»=6 Anthracotherium.

Hyotherium. Hippotherium.

Hemimeryx. Cha^icotherillIn.•

Sivameryx.* Dorcatherium.

Hydaspitherinm.  

Brahmatherium. 12

14-6«=8

Thus, out of 33 extinct genera, 12 are common to both areas ; and of the 21

genera specially distributed east or west, there is only a majority of 2 for the

west, neglecting those represented by unique specimens.

To examine the matter still further. By turning to the Manual, page 573, we

find in the admirable chapter on the ' Siwalik fauna ' a list of the " distinctive

miocene " forms, which I will here review. At the same time I have not followed

the list servilely, as some of the assignments are open to question. For example,

if Mastodon pandionis is referred with a query to pleistocene times, it is not ob

vious why M. falconeri, associated with it in the same Upper Siwaliks, should be

regarded as ' distinctive miocene ' ; and the same remark applies to Hipparion,

antilopinum, and theobaldi. These species, therefore, I have disregarded, dividing

the rest as west of the Jhelum, or east, and common to both areas.

Distinctive (in Europe) Miocene Genera and Species west of Jhelum, and east, or

common to both areas.

Weat. East, or common to east and west.

Mastodon perimensis. Amphicyon palseindicus.

Dinotherium indicum. Mastodon latidens.

D. pentapotamia). Rhinoceros sivalensis (Gaj).

Listriodon pentapotamia). R. palseindicus.

L. theobaldi.* Hippotherium (Hipparion).

Sanitherium schlagintweiti.* Anthracotherium.

Hyopotamus. Cboeromeryx.

Hyotherium. Dorcatherium.

Hemimeryx.
 

Sivameryx.# 8

Total ... ... 10-3»=7 10
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This list shows, too, a very inappreciable preponderance of "distinctive

miocene" forms in either area.

Turning now to the living genera tabulated by Mr. Lydekker, we find

26 in all.

Of these, 3 genera only, Meles, Rhizomys, and Mania (each represented

by unique specimens) are recorded as confined to the western area, whilst of the

remaining 23 genera, 10 are confined to the eastern area and 13 are common to

both. The meagre western list conclusively proves the imperfection of the record,

whether viewed numerically or as regards its composition, but the all important

reason, why we should not deduce from the list the conclusion that the eastern

Siwaliks are newer than the western, lies in the fact, that these latter beds from

which fossils have been mainly derived in Sind and Perim are middle or lower

Siwaliks (quoad their correlated stratigraphical horizon), whereas the great bulk

of the Siwalik fossils from the eastern area are from upper Siwaliks only, and

no sound comparison can therefore be instituted between them if this fact is

ignored, and being allowed for it entirely, in my opinion, vitiates Mr. Lydekker's

deduction.

In the Himalayan region (and in Burma) , the upper ' Siwalik' beds, c, d, and e,

are emphatically the fossiliferous beds of the group. Fossils ejet rare in /, are

rare in the upper ' Murrees ' g, and entirely disappear in the lower ' Murrees' h.

In Sind, on the other hand, it is the lower ' Manchars ' corresponding partly

at least with this azoic zone h, that has yielded all the fossils on whose pecu

liarly old facies my colleague justly lays so much stress, and which I repeat

cannot fairly be compared with fossils from the Himalayan Siwalik from a

vastly higher horizon. The upper Siwaliks are in fact par excellence ' the

beds' which have yielded the Siwalik fauna. Some half dozen species descend

into the upper portion of the lower division (Murree beds), whilst no recog

nisable species has been as yet detected in the basal beds of the group, though

from some 4,000 to 6,000 feet or more in thickness.

This remark holds, I believe, absolutely as regards the Siwalik group east of

the Jhelum. West of the Jhelum it may perhaps require to be slightly modified,

if the locality of the (so called) ' Kushalgarh ' fossils proves on rediscovery to

be so low in the series as some writers anticipate. Such is not my opinion,

however, as some of the fossils in question are undoubtedly met with on a higher

horizon.

There is perhaps a seeming contradiction in the above statement tonching

the azoic nature of the basal portion of the Siwalik group and the footnote,

Manual, at page 512, but the basal beds of the group on the north of the Salt

Range, containing Siwalik fossils, are only locally basal, through unconformable

overlap, and not the true basal members of the group where fully developed

east of the Jhelum or even on the north of the Potwar, and the same remark

applies to the vicinity of Murree, lying, as it does, west of the Jhelum, that the

' Murree' beds there developed and stratigraphically transitional though they be

into the nummulitic group, do not represent so low a horizon of their particular

division as may be seen east of that river. So far indeed from the idea before

quoted of Mr. Lydekker, of the ' Siwaliks to the east being " the newest of
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all ' ", as exemplified by fossil evidence, a precisely opposite deduction might be

deduced from stratigraphical consideration, the older Siwaliks being developed in

greater force towards Nipal and east of the Ganges than seems to be the case

on the Indus, whilst nowhere are the younger beds in greater force than to the

west.

I will now endeavour to show how closely related as a whole, as regards stra

tigraphical development, the Siwalik group is, both in Sind and the Himalayan

region.

To begin, let the most distant sections of the group be compared, that on the

Kolonia river, north of Kolonia village, situated 8 miles west by south from

Baramdeo, on the Sarda river, which forms the western boundary between

Nipal and the British province of Kumaun, and the group as displayed in

Sind. The beds here display a continuous and wholly unambiguous section,

from the topmost Siwaliks c down to beds which must be very low in beds /(.

From the topmost beds c, which are cut off to the north by a fault bringing

them in contact with lower beds of the group, down to the lowest beds ex

posed, the thickness of beds can hardly be estimated at less than 14,000 feet.

The thickness of beds c is at this particular spot (putting out of consideration

the amount they have lost by faulting) rather I should say below than above the

average, owing to local features, and the probable deflection of coarse materials

to the westward by the operation of the influence of the Sarda river and its

tributaries. This I infer from the absence here altogether of beds d, though

these beds are well enough developed a little further to the westward. Beds e

(the omnipresent ' grays ') are also only in moderate development, so that this

section displays probably rather less than a mean thickness of the upper

Siwaliks A, which may, however, here be fairly estimated at 7,000 to 8,000 feet,

and a like thickness of the lower group B. Now, at page 447 of the ' Manual,'

the following thickness is given for the tertiaries of Sind above the ' Khirthar '

group :—.

Minimum. Maximum. Mean,

Manchars

Gaj ...

( Upper ...

"' \ Lower ...

5,000

3,000

1,000

4,000

100

5,000

5,000

1,500

6.0U0

1,500

6.000

4,000

1,250

5,000

750

C Upper ...

." I Lower ...
Nari... ...

Khirthar group ... 13,100 19,000 16,000

In this table it will be seen that in Sind the entire thickness of the ter

tiaries above the Khirthar beds average 16,000. Now, the ' Khirthar group' is

a well defined horizon, which is common to Sind and the Himalaj-an region, and

is in fact the datum line for all our calculations of the thickness for the newer

tertiaries. In Sind, the 'Manchars,' which undoubtedly represent the Siwaliks,

attain a mean of 9,000 feet. On the Kolonia, where their development is below

the average, their thickness is 7 or 8,000. The Gaj and Nari united display

II
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in Sind a mean thickness of 6,500. On the Kolonia river, beds on a similar

horizon (but whose age is unascertained by intrinsic evidence) display a thick

ness of 6,500, without reaching the ' Khirthar ' datum line. Could a closer

parallelism be conceived, as far as thickness goes, between the Siwaliks of Sind

and the Himalayas, and one, moreover, which shows, if anything, rather a supe.

riority of thickness in these eastern Siwaliks over their southern (Sind) or

western representatives.

An equally close correspondence in physical characters will be seen to unite

the Manchars of Sind and the Siwaliks, as the following extracts from the

Manual will show (pages 466-467) : " The Manchar group of Sind consists of

clays, sandstones, and conglomerates, and attains in places a thickness of but little,

if at all, less than 10,000.* * * * The whole group may be divided, wherever

it is well exposed, into two portions, the lov;er consisting mainly of a characteristic

gray sandstone, rather soft, moderately fine-grained, and composed of quartz, with

some felspar and hornblende, together with red sandstones, conglomeratic beds, and

towards the base red, brown, and gray clays." Now, if we except the presence of

' red sandstones' which are a local feature, the rest of the above description would

apply very well to the Himalayan Siwaliks B beds, d, e,f, or ' lower Kharian,'

and it is in these beds, both in Sind and Northern India, that the greater propor

tion of Siwalik fossils have been found. Mr. Blanford goes on to describe the

upper ' Manchars' as follows :—" The upper Manchar sub-division, where it is

best seen, on the flanks of the Khirthar range, west of Larkhana, is thicker than

the lower, and consists, principally towards the base, of a great thickness of orange

or brown clays, with subordinate beds of sandstone and conglomerate. Ths sand

stones are usually light brown, but occasionally gray like the characteristic beds of the

loieer sub-division. The higherportion of this upper sub-group contains more sand

stone and conglomerate, and the whole is capped by a thick band of massive coarse

conglomerate, which throughout tipper Sind forms a conspicuous ridge along the edge

of the Indus alluvium."

Could there be a closer parallel between these upper ' Manchars' and the

upper ' Kharians' of Northern India ? The " orange and brown clays with sub

ordinate beds of sandstone and conglomerate" precisely reproduce beds c, whilst

the highest conglomerates of the ' Manchars' are identical in character with my

beds a. The identity goes even further than general character, as west of the

Jhelum these beds (a) are characterised by pebbles of nummulitic limestone, as

in Sind. That they are not so further to the east is due to the change which

there takes place in the character of the ' Khirthar' group itself, the strong

limestone of the western Punjab giving place to the muddy deposits of the

, Subathu' area, where strong limestones are not met with. We have then in

the ' Khirthar' group (Subathu) a fixed datum line or point of departure,

common to Sind and the Himalayan region. Above, we have likewise the

' Manchars' and ' Kharians,' homologous both stratigraphically and faunally,

allowance being made in the latter case for diversities due to the vast distance

they are apart, and between the ' Khirthars' and the ' Manchars' and ' Kharians'

respectively in Sind and Northern India we have from 6,000 to 8,000 feet,

in both regions, of intervening deposits. ln Sind, from the apparent accident

p
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of these beds being marine, whereas in the Himalayas they would seem to

be of freshwater origin in greater part (that is, excluding the Dagshai group),

the age of both the lower and upper has been clearly fixed, which has not

been the case in Northern India ; is it then too great presumption, in default of

direct evidence, to apply the clue afforded by the Sind section, and regard the

lower ' Murrees' at least as equivalents of the GaJ, the break at the top of the

eocene being represented in the Punjab by the absence of the Nari group, the

'Murrees' being directly superimposed the ' Khirthar beds.' 1 Certain it is that

in Northern India, as I have shown by the Lambidand section, the Nari group

is absent, and at Murree, 10 miles far to the west and north, the Murree

beds immediately rest on the Khirthar group.

I now give three tables, the first embracing the vertebrate fauna of Northern

India, with a general indication of its distribution and reference to the volume of

the Records wherein the specimens are described by Mr. Lyddeker, a second

table containing the list of the local fauna not included in the last, and a third

table of species supplementing Mr. Lyddeker's table of genera in Records, Vol.

XII, p. 49.

TABLE I.

Lid of Verlebratafrom the Sitcalik strata of Northern India.

[The first column gives a reference to the " Records," the second, to the " Palseontologia

Indies," Indian Tertiary and post-Tertiary Vertebrata. Species marked with an asterisk have

been procured by myself. Two asterisks show the specimen to be unique.]

MAMMALIA.

records Geological
surver.

Paheontologia
Iodic*.

Pmmates.

• 1 Palax)pithecus sivalensis, Lyd. ... * *

Punjab (Jaii, near Jand)—Kyarda 'dun'

probably.

XII 33

XI 672 Semnopithecus (?) subhimalayanus, Meyer • •

(The Kyarda 'dun' probably). (Genus

doubtful).

>

•4

S. sp. • •

(The Kyarda 'dun' probably).
Macacus sivalensis, Lyd. ... * • XI 66

XII 41

Punjab (A/not).

5 M. sp.

Total.. 5

(The Kyarda ' dun* probably).

Caenitora.

• 1 Felis cristnta, P. et C. ... XI 102

Punjab (Asnol) and Kyarda ' dun' pro

bably

1 Wynne's Record, Vol. X, p. 117.
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Becords Geological i Faleontologia
survey. Indies.

Total .

2

3

• 4

• 5

• 6

• 1

• 9

• 10

• 11

• 12

» 13

14

• 15

16

... 16

• 1

• 2

• 3

• 4

• S

• 6

• 7

P. palnsotigris, P. (Kyarda ' dun' probably).

Machairodus sivalensis, Lyd. ... * *

Punjab (Asnot).

Pseudoelurus sivalensis, Lyd. ... **

Punjab (Asnot).

Ictitherium sivalonse, Lyd. ... * *

Punjab (Asnot).

Hysena sivalensis, P. ct C.

Punjab (Asnot, Jabi) and Kyarda ' dun'

probably.

Canis, >p.

Punjab (Atnot, Jab!) and Kyarda ' dun'

probably.

Ampbicyon palatindicus, Lyd.

Punjab (Nurpur, Kushalghur).

Ursus, sp. ...

Punjab (west of Supar).

Hytenarctos sivalensis, K. et C.

Punjab (Nsnot) and Kyarda 'dun' pro

bably.

H. palseindicus, Lyd. ... ... * •

Punjab (Asnot).

Mellivora sivalensis, P. et C.

TTrsitaxus sivalensis. Faun. Ant. Siv. Q., fig. 4.

Qulo. J. A. S. B., Vol. XXVII, fig. 4.

Punjab (Asnot) Kyarda ' dun' probably.

Meles (?) ...

Punjab (Asnot).

Lutra pala>iudica, P. et C.

(The Kyarda ' dun' probably).

L. sp.

Punjab (Asnot).

Enbydriodon ferox, F. et. C.

(The Kyarda ' dun' probably).

Peoboscidka.

Euelephas hysudriens, F. et C.

From the Sutlej to the Jumna.

Loxodon planifrons, F. et C.

From the Jhelum to the Jumna.

Stegodon insignia

From the Indus to the Jumna, also tho

Narbada valley, associated with S. ganesa

and Euelephus namadicus, F. et C.

S. ganesn, F. et C.

From the Jhelum to the Jumna, also the Nar-

bada valley.

S. sinensis, Owen1 ... ... ...

From the Indus to the Sutlej. China.

8. bombifrons, F. ct C. ... ... ,

From the Sutlej to the Jumna.

S. cliftii, F. ...

From the Indus to the Sutlej.

X

X

XI

IX

X

XI

IX

X

XI

XI

IX

XI

XI

XII

IX

XII

LX

X

32

102

94

83

103

104

33

103

103

104, 154

102

102

50

104

50

31

42

31

XI 73

XI 73

XI 72

1-2 66

1 subsequently regarded by Mr. Lydtkker as a synonym of cliftu.
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records Geological
surrey.

* 8

* 9

* 10

* 11

* 12

13

14

... 14

Mastodon sivalensis, F. et C.

From the Indus to the Jumna.

Mastodon latidenj, Clift

From the Indus to the Jumna.

M. perimeusis, F. et C. ...

From the Indus to the Jhelum.

M. pandionis, F.

From the Indus to the Jhelum.

M. falconeri, Lyd.

From tho Indus to the Jhelum.

Oinothorium indicium, F.

Trans-Indus region.

I), pentapotamise, Falc. ...

Antolelherium, F.

Trans-Indus region (Ktish&lgarK).

• 5

• 6

• 7

8

• 9

• 10

... 10

• 1

• 2

« 3

• 4

U^GULaTA..

Perissodactyla,

Rhinoceros platyrhinus, F. et C.

Between the Sutlej and Jumna.

K. sivalensis, F. et C.

Between the Indus and Jumna.

It. palseindicus, F. et C.

Between the Indus and Jumna.

Acorotherium perimense, F. et C.

Bhinocerot planident, Lyd.

Punjab.

Listriodon pentapotamiffl, F.

Punjab (Asnot).

L. theobaldi, Lyd. ... ...

Punjab (Jabi).

Equus sivalensis, F. et C.

Between the Jhelum arid Jumna.

K. palseonus, F. et C.

Kyarda dun probably.

Hippotherium antilopinum, F. et C.

Kvarda dun probably.

11. theobaldi, Lyd.

Sivalhippus theobaldi, Lyd.

Keypur, west of Asnot.

Artiodaritfla.

Hcxaprotodon sivalensis, F. et C.

Between the Jhelum and Jumna.

Hippopotamodon sivalensis, Lyd.

Punjab (Asnot).

Tetraconodon magnum, F.

Dadupur, Punjab (Asnot).

(Falconer's type specimen is lost).

Sua gigantcus, F. et C. ...

Bvtwccu the Indus and Jumnn.

■ •

XI

XI

XI

XII

XII

X

XI

XII

X

XI

74

71

71

43

43

83

66 70

41

33

75

XI 95 1-2 11

XI 95 1-2 8

XI 05 1-2 4

XI 96 1-2 23

XII 40 1-2 33

XI 103

IX 108 1-2 52

XI 96

X 31

X 82

XII 51

X 81

IX 101 1-2 80

XI 66,81

Pakeontologia

1-2
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Records Geological
survey.

• 5

» 6

1

• 8

8

• 10

• 11

Torn ... 11

2

3

• 4

• 6

• 1

• 8

S. hysndricus, F. et C.

Between Indus, Jumna.

S. punjabiensis, Lyd.

Punjab (Asnof).

Sivatherium schlagintweiti, F.

Arakau.

Sus pusillus, ... ..i * *

Trans-Indus

Hippohyus siralensis, F. ... ...

Between Indus and Jumna.

Cbalicotherium sivalense, F. et C. ... • ...

Between the Sutlej and Jumna.

Anthracotberium silistrense, Pentland

Anthracotherium punjaliense, Lyd.

Rhagatherium (?) sindiense, Lyd.

Cheromeryi, Pomel (in part).

Sylhet, Punjab (Asnot).

Merycopotamus dissimilis, F. et C. ...

I Between the Indus and Jumna (I).

Rr/MINaNTIa.

Bos planifrons, Lyd.

The Una ' dun.'

B. acutifrons, Lyd. ... ... ...

Tbe Una ' dun.'

B. platyrhinus, Lyd. ..,

Tbe Una 'dun.'

Bubalus platyceros, Lyd.

Bt s+valensis. Rut.

Between the Beas and Jumna, also

Katana in the Una 'dun.'

B. palseindicus, F. et C. ...

B. namadicus, F. (Boyd-Dawkins).

B. arnee, Hodg. (Boyd-Dawkins).

West of Babhor in Una 1 dun.'

Bison sivalensis, F.

Una 'dun.'

Hemibos occipitalis, F. ... ...

B. triqvetriceros, F.

Probubalus triquelricornit, But.

Leptobos triquetricomis, F. mas.

Bos occipitalis, F. mss.

Perthes occipitalis, Lyd.

Amphibos acuticornis, Lyd.

From the Jbelum to the Jumna.

H. acuticornis, F.

Amphibos acuticornis, F.

Amphibos acuticornis, Rut.

Leptobos acuticornis, F. mss.

Hemibos triquetriceros, Lyd.

From the Jhelum to the Jumna.

H. antilopinus, F. ... ... ... * •

Amphibos antilopinus, F. mss.

XI 81

IX 154

X 76

XI 77

XI 81

XI 82

XII 49

X 78

XI 77

IX 105-144

X 34-80

X 30

X 30

X 31
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10

11

• 12

• 13

• 14

• 15

• 16

•17

• 18

• 19

» 20

•21

• 22

23

24
• 25

• 26

• 27

28

29

Total ... 29

Total ..

Lepiobos ant'lopinus, F. mss.

Probubalus antilopinus, Rut.

Kyarda 'dun' probably.

Lcptobos falconeri, Rut.

L. elatus, F. mss.

Amphibos elatus, F. mss.

Kyarda 'dun' probably.

Antilope palffiindica, F. et. C.

Kyarda 'dun' probably.

A. patulicornis, Lyd.

Punjab (a snot).

A. sivalensis, Lyd.

Between Ravi and Beas.

A. porrecticornis, Lyd. ...

Punjab (Asnot).

Portax, sp.

Between Ravi and Jumna.

Sivatherium giganteum, F. et C.

Between Ravi and Jumna.

Hydaspitherium megncepbalum, Lyd.

Brahmatherium

Between Indus and Ravi.

H. grande, Lyd.

Between Indus and Jhelum.

H. leptognathus, Lyd. ...

Between Indus and Jhelum.

Camelopardalis sivalensis, F.

C. nffinis, F.

Between Beas and Jumna.

Capra sivalensis, Lyd.

Between Indus and Jbelum.

Csp.
Between Indus and Jhelum.

Bucapra daviesii, Rut. ... ,

Kyarda 'dun probably.

Ovis, sp. (fide Blyth).

Cervus triplidens, Lyd. ...

C. simplicidens, Lyd.

C. latidens, Lyd.

Dorcatherium majus

Merycopotamus nanus, F. ...

Punjab.

D. minus, Lyd.

Punjab.

Tylopoda.

Camelas sivalensis, F. et C.

Between Ravi and J

Rodentia.

Rhizomys sivalensis, Lyd.

Punjab (Jabi).

Hystrix sivalensis, Lyd. ...

Punjab (Asnot).

Rec.

records Geological

survey.

I I'alseontologla

TX

XI

IX

XI

XI

IX

XI

IX

IX

IX

XI

XII

XI

1-4

1-3

1-3

1-3

154

83

lOt

91

93

104

101

105

104

1-2

| 1-3

1-3

1 1-4

1-2

1-2

1-2

1-2

1-2

1-2

100

41

98
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Recapitulation.

records GeolOfic&l
Survey.

PalEeontologU
Indies.

| *•

Primates 5

Carnivora 16

14Proboscidea

Ungulata.

PerUsodactyla

Artiodactyla...

10

29

1

2

Tylopoda

Bodentia

Total 77

AVES.

1 Strnthio asiaticus, Milne Edwardes ...

Droitural sivalensis, Lyd.

Punjab.

XII 53

XII 53a

3

4

Megaloscelornis sivalensis, Lyd.

Argala falconeri, Milne-Edwardes ...

... XII 55

XII 56

Total ... 4

REPTILIA.

(Living species markedf)

Emydosaueia.

1

2

t 3

t 4

Crocodilus crassidens, F. et C.

Eastern ' duns'.

C. leptodus, F. et C.

Eastern ' duns.'

C. palustris, Less.

Between Indus and Ganges.

Gharialis gangeticus, Gml.

Between Indus and Ganges.

Saueia.

6 Varanus sivalensis, F.

Eastern ' duns.'

Chklonia.

6

7

t8

Colossochelys atlas, F. et C.

Eastern 'duns.'

Bellia sivalensis, Theobald ,„

Western Punjab.

Emys tectum, Bell.

... X 43

XII 1869

Between Indus and Ganges.

Cautleya annnliger, Theobald

' Nila' in the Western Punjab.

Total ... 9 and nndescribed species of Testudo,

Emyda, Trionyx, &c.
Batagur,
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TABLE lI.

1.—SlND.

.Records Geological
survey.

Palipontoloym
ludicu.

Caknivora.

1 Amphicyon palreindicus, Lyd. X 83

XI 103

Pboboscidea.

2

3

4

5

6

7

Mastodon perimcnsis, P. ct C.

M. latidens, Clift.

M. falconeri, Lyd.

Dinotherium indicum, P. ... ... XII 43

XI 75

XII 43

D. pentapotamise, F.

D. sindiense, Lyd. ... ... .j.

UNGtJLaTa.

Perissodactyla.

8

9

10

11

12

Rhinoceros palsoindicus, F. et C.

R. sp. (near R. deccanensis, Foote).

R. sivalensis, F. et C. ...

Acerotherium perimense, F. et C.

Hippotherium, sp.

XI 65

XI 65

Artio&actyla.

13

14

15

16

17

18

19

20

21

22

Sus hysudricus, F. et C.

Chalicotherium sivalense, F. et C.

Anthrncotherium silistrense, Peutluud ... XI 78

Dorcatheriuni majus, Lyd.

D. minns, Lyd., H.

Hemimeryx, sp., Lyd, ... XI 80

XI 80Sivameryx, sp., Lyd. ... ..;

S. sp.

Hyopotamus palseindicus, Lyd.

Hyotherium sindiense, Lyd.

X 77

XI 77

Edentata.

23 Manis sindiensis, Lyd. ... ... \ . ... IX 106
•

Total ... 23

2.—Pbbim Island.

MAMMALIA.

Pbdboscidbi.'

1 Mastodon latidens, Clift IX 91

and Manual,

p. 343.2

3

4

5

6

M. sivalensis, F. et C.

M. perimcnsis, F.

Dinotherium indicum, F.

Acerotherium perimense, F. et C.

Rhinoceros, sp.

•
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Palaaontolngia

ludica.

Ungulata.

7 Sus hysudrieus, F. et C.

8 Brahmatherium perimeuse, F. et C.

9 Capra perimensis, Lyd.

10 Camelopardalis, sp.

11 Antilope, sp.

Total ... 11

REPTILIA.

1 Crocodilus paheindicus, F.

3.—Nabbada.

MAMMALIA.

BlMaHa.

tl

1

8

(I

10

11

]2

13

14

15

. 15

1

3

. 3

Homo sapiens, L. IX 88

Cabnivoba.

Felis, sp.

Ursus namadicus, F. et C.

Pboboscidea.

Euelephas namadicus, F. et C. *

Stegodon insignia, F. et C.

S. gauesa, F. et C.

Ungulata.

Rhinoceros namadicus, F. et C.

Equus namadicus, F. et C.

Hexaprotodon namadicus, F. et C.

Tetraprotodon namadicus, F. et C.

Cervus namadicus, F et C.

Bos namadicus, F. et C.

Hubiilus palxiudicus, F. et C.

Rodentia.

Mus.

Hystrix, sp. (ipse inveni).

X 31 1.2 14

Rbftilia.

CrocodiluR, sp.

Emys tectum, Bell.

Batagur.

4.—Ibawadi vallbt.

MAMMALIA.

Cabniyoba.

Ursus, sp. IX 91
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Records Geological
surrey.

Palei ntolofria
Indies.

Pboboscidba.

2

3

4

Stegodon cliftii, F. et C.

Mtistodon sivalensis, F. et C.

M. latidens, Clift.

Unguiati.

5

6

7

Rhinoceros iravadicns, Lyd.

acerotherium perimeuse, F. et C.

Equus, sp.

1-2 18

8

9

10

11

12

(Tapirus ?)

Hexnprotodon iravadicns, F. et C.

Merycopotamus dissimilis, F. et C.

Vishnutherium iravadicum, Lyd.

Bos, sp.

Cervus, sp.

OTaL ... 12

REPTILIA.

t 1 Gharialis gangeticua, Gmel.

Colossochelys atlas, F. et C.2

Total ... 2 and undetermined species of Batagur and

Trionyx.

5.—Sylhet (Gaeo hills).

1

2

Stegodon, sp.

Sus, sp.

3

A

5

Anthracotberium silistrense, Pentland

Cbseromeryx silistrense, l'omel

Cervus.

XI 77

XI 77

6.—Abakan.

1 Sus hysudricus, F. et C.

Note on some pleistocene fossils.

From pleistocene beds in the Deccan, Rhinoceros deccanensis, Foote (Pal.

Ind., Ser. X, Vol. I), has been obtained associated with remains of Bos. In the

Museum of the Asiatic Society of Bengal, there formerly existed portions of a

human cranium, in a similar conglomerate to that in which the Narbada

fossils are found. It might, however, have been of more recent formation. The

specimen is now lost, and was never seen by Falconer. The superior gravels of

the Narbada in which extinct mammalia are not found strongly resemble the

old mammaliferous beds, so that confirmatory testimony of man's presence in

the older deposits is much needed.
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TABLE III.

Sbbial List op Siwalik Vebtebbata.

A.= Arakan, B. Burma, D. 'Duns' East of Sutlej (The fossils of the F. A. S.), P. Perini

Island, G. Garo hills (Sylhet). K. Kushalgarh, S. Sind. W. Punjah (West of Indus).

An * denotes specimens have been procured by myself,—W. T.

MAMMALIA.

Pbimates.

• 1 1 Palceopithecus sivalensis, Lyd. ... ... W.

2 1 Seiunopithecus suWihmilavamis, Meyer u.

2 S.,sp. ' ... D.
• 3 1 Macacus sivalensis, I.vd. ... W.

2 M., sp. D.

Total 3 5

Cabniyoba.

• 1 1 Felis cri8tata, F. et C. D. W.

2 F. palseotigris, F. et C. ... 1).
• 2 1 Machairodus sivalensis, Lyd. W.

• 3 1 Pseudcelurus sivalensis, Lyd. w.
• 4 1 Ictitheriuni sivalense, Lyd. w.

• 5 1 Hyoena sivalensis, F. et C. I), w.

6

i

Canis (sp.) ... D. W.

• 7 Amphicyon palseindicus, F. S. K. W.

• 8

i

Ursus, sp. .. B. W.

• 9 Hyconarctos sivalensis, F. et C. B. W.
• 2 H. palsindicus, Lyd. W.

• 10 1 Mellivora sivalensis, F. et C. B. W.

• 11

"i

Meles, sp. W.

12 Lutra palaeindica, F. et C. D.
• 2 L., sp. W.

13 1 Enhydriodon ferox, F. et C. D.

Total 13 13

Pboboscidba.

• 1 1 Euelephas hysudricus, F. et C. D.
• 2 1 Loxodon planifronR, F. et C. D.
• 3 1 Stegodon insignis, F. et C. D.

• 2 S. ganesa, F. et C. D.

•
... 3 S. sinensis, Owen W.

•
... 4 S. hombifrons, F. et C. D.

• 5 S. cliftii, F. ... W. B.

• 4 1 Mastodon sivalensis, F. et C. P. B. I). W.

• ... 2 M. latidens, F. et C. B. \V. O. S.
• 3 M. perimensis, F. et C. S. P. W.
• 4 M. pandionis, E. W.
*

5 M. falconeri, Lyd. w. s.
* 5 1 Dinotherium indicnm, F. K. S. P.
• 2 I), ppntapotamia', Lyd, ... K. S.
*

3 I). sindiense, Lyd. S.

Total 5 15

Unoulata.

Perissodacfiffn.

• 1 1 Rhinoceros platyrhinus, F. et C. n.
*

... 2 K. sivalensis, F. et C. W. S. D.
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• 3 R. palanndicus, F. et C. ... W. D. S.

• ... 4 " It. iravadicus, Lyd. B.
• 5 R. sp. (near Deccanensis) S.
» 2 1 Acerotherium perimense, F et C.

Listriodon pontapotamise, F.

P. B. S. W.

• 3 1 K. W.
a

"4

2 L. theobaldi, Lyd. W.

• 1 Equus sivalensis, F. et C. D.

2 E. pateoims, F. et C. D.

• 5 1 Hippotherium antilopinum, F. et C. ... D. W.

2 H. theobaldi, Lyd. W.

Total 5 12 Artiodacti/la.

• 1 1 Hcxoprotodon sivalensis, F. et C. D. W.

2 H. iravadicus, F. et C. B.
• 2 1 Hippopotamodon sivalensis, Lyd.

Tetraconodon magnus, F.

W.
■ 3 1 W. D.

• 4 1 Sus giganteus, F. et C. ... W. D.

• 2 S. hysudrieus, F. et C. A. 8. P. W. D.
• 3 S. punjabiensis, Lyd. W.
■ 5 1 Sanitherium scblagintweiti, F. K.
■ 6 1 Hippohyus sivalensis, F. et C. D. W.
• 7 1 Hyopotamus paUeindicus, Lyd. S.
• 8 1 Cbalieotherium sivalense, F. et C. S. D.
• 9 1 Hyotherinm sindiense, Lyd. S.
• 10 1 Anthrncotherium tilistrense, Pentlnnd G. W. S.
• 11 1 Merycopotamus dissiniilis, F. et C. B. 1). W.
• 12 1 Chaeromeryx silistrensis, Pomel S.
• 13 1 Hemimeryx, sp. s.
• 14 1 Sivameryx, sp. &
• 2 S., sp. 8.
• 15 1 Cervus latidens, Lyd. W
• 2 C. triplidens, Lyd. w.
• 3 C. simplicidens, Lyd. w.
• 16 1 Doreatherium majus, Lyd. W. D. 8.
• 2 I), minus, Lyd. W. D. 8.
• 17 1 Camelupardalis sivalensis, F. et C. D. W.
• 18 1 Sivathcrium giganteum, F. et C. D. W.
• 19 1 Hydaspitherium megacephalum, Lyd. W.
» ... 2 H. grande, Lyd. W.
• 3 H. leptognatlms, Lyd. W.
• 20 1 Brahmatherium perimense, F. P,
• 21 1 Visbnutherium iravadicum, Lyd. B.
• 22 1 Bos acutifrons, Lyd. W. D.
• 2 B. planifrons, Lyd. ... ... ... W.
• 3 B. platyrbinus, Lyd. ... — w.
• 23 1 Hemibos occipitalis, F. ...

H. acuticornis, F.

W. D
•

2 W. D.
• 3 H. nntilopinus, F. ... ... .„ D.

24 1 Leptobos falconeri, Rut. ... D.
* 25 1 Bison sivalensis, F. et C. D.
« 26 1 Bubalus platycero i, Lyd.

B. Iralaeindicus, F. et C. ...

W.
*

W,
• 27 1 Antilope sivalensis, Lyd. ... W.

2 A. palteindi™, F. et C. ... D.
#

3 A. patulicornis, Lyd. ... W.
•

4 A. porrecticornis, Lyd. ... ... ... W.
• 28 1 Capra sivalensis, Lyd. W. D.
• ... 2 C. perimensis, Lyd. 1).

3 C, sp. W.
* 29 1 Portax, sp. ... ... D.

30 1 Ovis, sp. D.

31 1 Camelns sivalensis, F. et C. W. D.

Total 31 50
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RODENTIa.

1 1 Hystrix sivalensis, Lyd, ... W.

1 1 Khizouiys sivalensis, Lyd. W.

1 1 Mus, sp. ••

Total ... 3 3

Edentata.

1 1 Munis sindiensis, Lyd. s.

AVES.

1 1 Struthio asiaticus, Milne-Edwardes ... D.
• 1 2 Dronia)us sivalensis, Lyd. W.
■ 1 1 Megaloscelornis sivalensis, Lyd. D.

1

_±_

Argnla falcoueri, Milne-Edwardes D.

Total ... 4 4

REPTILIA.

Emydosaubia.

1 1 Crocodilus crassidens, F. et C. D.

2 C. leptodus, P. et C. D.

• ... 3 C. palustris, Less. D. VV.

4 fj. perimensis, F. P.
• 2 1 Gharialis gangeticus, Gmel. W. D. B.

Total ... 2 5

Saubia.

1 1 Varanus sivalensis, F. D.

Chklonia.

• 1 1 Colossochelys atlas, F. et C. D. B.
• 2 2 Cautleya annuliger, Theobald W.
• 3 3 Bellia sivalensis, Theobald W
• 4 1 Emys tectum, Bell W. D.
• 5 Testudo ? sp. W.
• 6 ... Batagur, sp. ... W.
• 7 Damonia, sp. . . . W.
• 8 ... Trionyx., sp. ... w.
* 9 Eniyda, sp. w.

10 Emys, sp. ... w.

Total ... 10 10

Othidea.

Vertebra s. w.

PISCES.

Vertebra and a fin-bone ... w.

Tandiaui, Hazaba,

August 1880.
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Notes on the South Rewah Gondwana basin.—By Theo. W. H. Hoqhes,

A.R.S.M., Geological Survey of India.'

Area.—The chief area of investigation during this season has been the tract

lying between the rivers Johilla and Gopat, both of which are tributaries of the

Son. I did not wander beyond the limits of the Gondwana series.

Rock groups.—The rock groups referred to are—

8. Trap.

7. Lameta.

6. Jabalpur.

5. Malcri.

4. Mahadeva.

3. Raniganj.

2. Barakar (Karharbari).

1. Talchir.

Tdlchir.—I met with Talchir rocks only in the Johilla valley between Chada

and Ponri (villages south of Pali). They consisted of massively-bedded fine

grained very pale green sandstones, slightly claret-coloured and grey needle-shales,

and the ordinary boulder beds. They have a distinct, though moderate, dip to

the north-east, at an average angle of 5°.

This is almost the only section in which the strata, throughout the whole of

the area that I have traversed this season, display a decided dip. There are

miles and miles of country that leave the observer in doubt as to which point of

the compass the beds incline.

I have estimated the thickness of the Talchirs as 200 feet, and their separa

tion from the overlying Barakar (Karharbari) group is based on the usunl

grounds, colour being one important feature.

2. Barakar,—This group, like that of the Tfilchir, is confined to the Johilla

valley. Some doubt has been thrown upon my identification, by the occurrence

of the fossil fern Qangamopteris cyclopteroides ; and Dr. Feistmantel suggests that,

instead of the rocks being Barakars, they are probably Karharbaris. It may be

that I should be more correct if I classed the beds which I have defined as

Barakars with the Talchirs. There is no unconformity between any of the

strata from the lowest of the Talchirs (near Ponri) and the highest of the

Barakars (near Bara Daigaon) ; and the only prejudice to overcome is the associa

tion of coal (known as the Pali coal) with the Talchir group. On the other

hand, it may be urged that if the rocks in the Johilla are sufficiently charac

teristic to enable a line to be drawn, limiting them (as, indeed, I have done), the

Talchirs may as well remain so limited, and the beds above them be placed in the

group that their features most nearly approach. Looking at them apart from

their botanical contents, they will pass muster as Barakars. The coal is not in

1 These general observations of a largo area of the great Gondwana basin of the Son are

pubhshed now, as it may be long before much of the ground can be worked out j until Mr. Hughes

has disposed of the special coal-field areas.
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the least like the dull block coal of the Karharbari field ; and there are no

sandstones with angular fragments. However, the section is a small one, and

there is the fact of the occurrence of Gangamopteris. And, in the face of paloeon-

tological evidence, I srppose we. must pause until we discover that stratigraphical

and other claims are not to be overridden by a plant.

The coal that has been alluded to occurs near the union of the Ganjra nulla

with the Johilla. It is visible in both banks of the latter river, and, where

exposed in the water channel, it has all the appearance of a fine seam of coal

The section in the right bank shows, however, that it is not a promising source

of fuel. I do not condemn it, because experience has now taught me that many

seams (as in the Wardha and Mohpani fields) with a thin outcrop may thicken

rapidly, and furnish a good deal of coal. I can say, however, that the signs are

not promising.

The seam is seen in the Ganjra nulla ; but I could not trace it in the low

ground between Pali and Goraia. I did not look for it westward of the Johilla.

Its place in the group is near the top. Its detailed measurement is, de

scending (dip north-east 5° to 7°)—

Grey felspathic sandstone.

1. Ccal ... ... - - 8"

2. Shale and sandstone .. ... ••• ••• ••• 1 10

3. Carbonaceous shale ... ... ... ••• ••• 1°

ah4. Coal ... ... - .« ". - 4(

5. Carbonaceous shale ... ... ••• ••• ••• *

6. Coal ... ... •• ••• ••• •• 6"

7. Carbonaceous shale ... ... ••• ••• — 2 ■

on
8. Coal ... ... ••• - ••• - ■

Carbonaceous shale and sandstone.

The coal occurs in layers much too thin to make the seam, judging by its

exposed section, workable.

The Barakars do not cover a large area, and the major portion of the group

consists of sandstones. Besides the section in the Johilla, there is another

excellent one in the Ganjra nulla, where the road from Pali to Maliagura crosses

it, and sandstones very similar to those in the Wardha valley may be seen on

either side of the ghat. They are nodular ; texture granular ; felspar slightly

decomposed ; and colour either somewhat yellowish-grey or reddish-grey. The

dip is very low to the north.

The fossils that I despatched to Calcutta were found immediately below the

" seam " in the Johilla, and were determined by Dr. Feistmantel as—

Glossopteris communis.

Gangamopteris cyclopteroid.es.

Nbggerathiopsis hislopi.

I do not intend to enter into any descriptive details of the boundary that I

have assigned to the Barakars. Where the sections were clear, I have endeavoured

to be accurate and true to ancient records. Where the sections were obscure,

I have done what all men do.
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3. Rdniganj.—Continuing the examination of the Johilla, an assortment of

sandstones and shales succeed almost immediately to the Pali coal, which at first

I was inclined to class with a series higher than that of the Damuda. The sand

stones are not typical of any group, such varieties as they consist of occurring at

any horizon in the Gondwana scale. But the shales, or perhaps more correctly,

" argillaceous sandstones " are reddish-coloured and highly ferruginous, and

give to the rocks with which they are associated quite a Mahadeva look. Oat of

one of the sandstones, however, I hammered (in the islet opposite Chota Daigaon,

marked on map) a Vertebraria indica, so, dismissing the Mahadeva identification,

I descended to the Kamthi group and adhered to it for some time ; but as in no

other portion of my area could I discover any beds which refused to be relegated

to any other group than the Kamthi, and as the Raniganj group was a well

defined member in the Damuda series over a very large tract of country, I at

last gave up the Kamthi division and fell back upon the Raniganj group. With

out the fossil I should certainly have shifted the rocks in the Johilla (between

Bara and Chota Daigaon) to a higher horizon. The Vertebraria perhaps indicates

that the Barakar limit ought to extend as far as Chota Daigaon.

Whatever uncertainty exists in regard to the identification of the Raniganj

group on the Johilla, there is little or none with respect to the Damuda rocks that

are exposed in the Sohagpur taluk, and in the neighbourhood of Marwas (Gopat

valley) .

The Marwas area is the extreme westerly extension of a large body of

Raniganj rocks exposed in the Gopat valley, and stretching without a break, I

believe, to the Rehr river. It was near Marwas (in the early part of the

season) that I first recognised the Raniganj group, by the appearance of the

rocks, and by hunting about for fossils, I managed to discover amongst other

varieties some Schizoneura. Throughout the Damiida valley, this plant was

fairly characteristic (though not so much so as Trizygia) of the Raniganj

horizon, and I have accepted it as strengthening my opinion of the position to

which the Marwas rocks ought to be assigned.

There are no continuous sections showing satisfactorily the sequence of the

beds and the petrological characters of the group ; but such sections as there are

expose now and again characteristic rocks. The greater portion of the sandstones

are yellowish-grey micaceo-felspathic silicious beds, usually fine-grained, and

sometimes flaggy. Carbonaceous matter is abundant in many of the beds, and

affects the colour, disguising the grey. Mica is more or less abundant.

The characteristic calcareous sandstone of the Raniganj group is not so

frequently seen, but it is extremely well exposed in the open country between

Badoura and Mahkor. It is in the main of a greyish colour, but tinged with

yellow, and occasionally the brownish-red of iron ore. It weatLers with roundish

edges, and when occurring in mass, it is sometimes mammillary. As a rule, it is

not thickly bedded. It contains besides calcareous matter, an admixture of

ferruginous matter, that I fancy gives it its yellow tinge. On a newly fractured

surface, it is usually dark or light grey in colour. The shales and argillaceous

sandstones are generally grey, of varying shades, according to the proportion of

carbonaceous material that they hold. Mica is more or less common.
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North of Marwas, the Raniganj group is cut off by a fault, which brings

it into contact with the granite of Puthroura. This fault crosses the Gopat

river north of Tikar. South of Marwas the Raniganj group passes under the

Mahadeva group.

The dips, except near the faulted boundary, are low. There is a main anti

clinal, the axis of which is almost coincident with the course of the Sehra

nulla.

Throughout this Marwas tract, I did not see any workable seams of coal.

There is coal, however, and also coaly shale, which may improve to coal in places.

The localities where coal and coaly shale occur are—

Bhumlca : nearly due west of village (coaly shale).

Mahior : in the Sehra nulla a bed of coaly shale is repeatedly exposed, but it is more promi

nent north of Mahkor than elsewhere. It is about 2' 6'iu thickness, with a layer of

coal 4". Dip, very low to the north.

Mujgama : in the Jhupra and Mujgama nulla there is a carbonaceous bed, with sufficient coal

in it to make it conspicuous. Tbe section is (descending)—

1. Carbonaceous shale ... ... ... 1' 2"

2. Grey arenaceous shale ... ... ... 6"

3. Coal ... ... ... ... 8"

4. Coaly shale and carbonaceous shale ... ... 4"

5. Yellowish-grey micaceo-arenaceous sandy shale ... 2' 0"

6. Carbonaceous shale ... ... ... 8"

I brought no sample of the coal away, deeming the seam too small to be of

any practical valne. Dip slight, to south.

Leaving the Marwas area, and going south along the Gopat river, Raniganj

rocks are observable on both sides, having a slight southerly dip. About the

neighbourhood of Gurwadhar there is a change in the inclination of the beds to

west and north-west.

A thin bed of coal is seen at the junction of the Burchur nulla with the

Newra nulla (tributary of Gopat, west of Gurwadhar).

Coal and coaly shale are also seen at the confluence of the Mahan nulla and

the Gopat ; about 14 feat of slightly carbonaceous shales and shaly sandstones

being capped by 6 inches to 8 inches of coal. The outcrop of this coal can be

traced for some way down the Gopat river, and I fancy it is identical with the

outcrop in the Burchur and Newra nullas.

The Raniganj group extends south of the Mahan nulla, and is well exposed

near Mirhara and Rouhal (Atlas sheet spelling) . At various places coaly shale

appears, but nothing that approaches a workable seam of coal. I think I need

scarcely particularise where I saw this shale. It is to be constantly met with,

for the lie of the rocks around Mirhara and Rouhal is so low (indeed horizontal

or undulating over a considerable area) that the same bed is at or near the

surface over a large tract of level country.

I made diligent search for fossils in order to substantiate my lithological

identifications, and I managed to gather several fine specimens of ferns, &c., of

the ordinary Raniganj type.

I did not go beyond Rouhal. I struck off to the west when I reached that

point, and passed on to Upper Gondwana rocks. For convenience therefore. I

it
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will group together the different localities in this part of the Gopal basin, and

allude to them apart from the Sohagpur fossil localities—

1. Chanduidol (1J miles west of Marwas). The plants were found in the first tributary of

the Sehra nulla east of the village of Chanduidol. They were imbedded in grey argillace

ous shales and flaggy micaceous shales and sandstones :—

Schizoneura gondwanensis.

Olossopteri-iformom.

2. Bajbai (1 mile west of the Gopat river. Lat. 24° 4', Long. 81° 570- The fossils occur in the

Bajbai stream, in grey argillaceous shale topping 2 feet of coaly and carbonaceous shale.

The varieties obtained were :—

Schizoneura gondwanensis.

Vertebraria indica.

Glossopteris communis .

,, indica.

„ angmtifoliu.

3. Mahnn river.

(o).—Near junction with the Gopat :—

Vertebraria indica.

Glossopteris, sp.

(6).—Nearly due south of Tansar :—

Schizoneura gondwanensis.

Glossopteris communis.

„ indica.

„ red/era.

„ angustifolia

AMhopteris comp. whitbyensis.

(c).—Various points between Ganjar and junction of Malum and lionbal nulla* : —

Schizoneura gondwanensis.

Glossopteris communis.

,p angustifolia.

Alethopteris comp. whitbyensis.

Angiopteridium.—Two fragments of a taniopteroid fern, resembling a similar one

in the Karathi beds of the Nagpur area, which Dr. Feistmantol

quoted as Angiopt. comp. m'clellandi.

These lists prove, I think, that the fossils are from the Raniganj, rather than

the Barakar horizon. I know of no instance in which Alethopteris has been met

with in the Barakar group, and Schizoneura gondwanensis is a fairly typical

Raniganj plant.

Having alluded to the Raniganj rocks of the Johilla and the Gopat, I now

pass on to the Son valley, and the Raniganj rocks of the Sohagpur district.

These are not continuous at the surface with the Raniganj beds of the

Johilla river, the overlying Mahadeva (?) rocks separating the two areas.

I fancy, however, from the remarks which I have read in the reports of my

predecessors, and by inspection of their maps, that the Raniganj rocks of the

Son and Gopat are continuous.

I have traversed a large extent of the Sohagpur district, and I noted that

the sandstones do not present much variety. The most prominent kind is the

grey or yellowish grey-felspathic silicious sandstone, sometimes earthy and
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sometimes slightly calcareous. Mica is usually present in a small quantity; but

there are varying proportions, and occasionally it qualifies a rock.

Around Sohagpur (town), Khaira, and Sahpur, the main body of sandstones

is of the same character, belonging to the silicio-felspathic type, generally

massively bedded. They contain more mica than I noted elsewhere.

I did not notice the characteristic calcareous sandstone that I saw in the

Marwas area. Shales are not very frequent. They are of the usual Raniganj

type—argillaceous and silicious, qualified by mica, carbonaceous matter and

ferruginous matter.

The dip is everywhere low, but there is a northerly tendency in it.

Up to the present I have only met with one seam of coal. It crops out in

several different places, but as it is better exposed in the Son river, near Guraru,

I have distinguished it as the Guraru seam. It is capped by carbonaceous shales

and sandstones, and the whole mass of dark-looking rocks forms a conspicuous

feature. I could not obtain any information about coal from the natives, but

by following up the fragments of coal for several miles along the channel of the

Son, I managed to hit upon the Guraru seam.

The following is its section (descending)—

L Coal ... ... ... ... ... ... 6"

2. Carbonaceous shale ... ... ... ... ... 6"

3. Coal ... ... ... ... .. ... 2'4"

4. Carbonaceous sbale ... ... ... ... ... 2"

5. Coal ... ... ... ... ... ... 2 8"

6. Carbonaceous sbale and coal ... ... ... ... (not all seen).

Taking 3 and 5, we have 5 feet of coal, which is a thickness sufficient to

be workable. The bottom of the seam is not all seen.

An analysis of the coal has been made by Mr. Mallet, and the result is rather

disappointing :—

" Guraru seam. (Register No. 4-125).

Moisture ... ... ... ... ... ... 2 7

Volatile (inclusive of moisture) ... ... ... ... 9 5

Fixed carbon ... ... ... ... ... 40 5

Ash ... ... ... ... ... ... 47-3

Totai ... 1000

" Does not cake. Ash reddish." (F.R.M.)

Of course no one would press eagerly forward to use this coal, unless he was

somewhat " hard up " for a substance to burn.

The dip is low, undulating, horizontal.

In the Murna nulla (a tributary, left bank of S6n), the same seam as the

Guraru is seen (south-west of Bijauri). At the junction of the Murna and the

S6n, there are carbonaceous shales, but there is no coal with them. These

overlie some massive grey sandstones of ordinary Raniganj type, which are worn

into pot-holes, some of them of more than ordinary depth. They are in all

stages of growth and obliteration, and an artist could make a pretty picture

of them.
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With the Guraru coal are associated fossils, which I obtained in a flaggy

band of sandstone of dark greenish-grey colour, above the coal:—

Schizoneura gondwanensis.

Qlossopteris communis.

„ indica.

Squama ggmnospermarum.

In another band, of yellowish-grey soft clay shale, Dr. Feistmantel has made

out a new plant :—

Qlossopteris angusfifolia.

Shipidopsis (n. s.) : like ft plant in the Kamthis, South Oodavari.

Of other localities that yielded fossils, the following is a list :—

1. S6n river (opposite deserted village of Siirsi), collected by Hira Lil :—

Schizoneura gondwanensis.

Qlossopteris browniana.

2. Kaehodhar (about 11 miles west of Sohagpiir) :—

Qlossopteris communis. *

The village of Kaehodhar stands on Lametas, and the Lametas immediately overlie the

Rtniganj rocks.

S. Sardi (near the southern margin of the field, about 2 miles south-west of Khaira) :—

fertebraria indica.

Qlossopteris communis.

Noggerathiopsis hislopi.

Voltzia heterophglla.

Samaropsis comp. parvula.

These plants from Hardi are not so characteristic of the Raniganj group w.

those from the other localities, Peri, indica, Glossop. communis, Nogger. hislopi,

and Voltzia heterophylla, all being Karharbari group species. But the rocks in

which they wore found must be included in the Raniganj group, provided that

my identification elsewhere of the Sohagpur district rocks be correct, for no

distinction can bo drawn between the sandstones and shales around Khaira and

Hardi and those from which the more characteristic fossils of the Raniganj

group were obtained.

4. Mdhdleva.—Turning to a consideration of the next series of rocks, that

overlying the Raniganj group, I have to admit that my mind has passed

through several stages of doubt, and that at different periods during the last

working season, and even during my stay in Calcutta, I have had to modify my

opinion.

The first impression (recorded 25th November 1879) entered in my note book

was, that the rocks of which I am treating under the present heading were

Mahadevas. I quote my words : " Many of the sandstones are coarse-grained, aid

contain gravel and pebbles, reminding me of the Mahadevas." I gave the idea up

after a time, not because there was any difficulty in allowing the lithological

resemblance of these rocks to the Mahadevas, but because on discovering that

they succeeded immediately to the Raniganj group, I naturally asked myself

whether they might not represent some of the divisions intermediate between

the Raniganj and Mdhadeva age.
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With this possibility before me, I commenced to look out for Kamthi affi

nities ; and in the ferruginous character and tho open texture of many of the

saudstones, and the occurrence of reddish-brown ferruginous argillaceous bands,

I thought I had sufficient ground suggesting a Kamthi horizon.

Finding, however, as I struck eastward towards the Chang Bhakhar State, and

in the direction of the Gopat valley, that these sandstones were associated with

strong pebble beds, and other sandstones compacted by iron, and traversed by

ribs of ferruginous matter, exactly as in the case of the Mahadevas of the

Damuda valley, and that these eandstones and pebble beds presented the same

physical features which are so characteristic of the Mahadevas elsewhere, I gave

up the notion of their being Kamthis.

A series of masterly faults would relieve me of my burdens ; and sudden

thinnings and thickenings would pull me through many vexations, but until

obliged to institute them (as probabilities or necessities), I prefer to struggle on

without them.

I classed this series as Panchets, when I dismissed the view of its being

Kamthi, and I adhered to this resolution until the difficulty of consorting it with

the Mahadevas of the Gurjat States1 stared me in the face. The possibility that

the clays of the Maleri group may represent the Lower Panchets of Bengal lent

a certain amount of colour to the idea that the sandstones, &c., inferior to them

might also belong to that group.

The only plant fossils from this series (three in number) contained two forms

exhibiting affinity to the Rajmahal flora, and when I received Dr. Feistmantel's

letter in camp, announcing this circumstance, it was considerable relief to my

mind. It assisted the settlement of the broad question of Upper or Lower

Gondwana.

1 have finally adopted the Mabadeva horizon, but I am still troubled by a

lingering impression that these rocks are in closer union with the Jabalpur

sandstones of Bansa, Chandia, and so on, than I can demonstrate at present;

and that indeed the Jabalpur group, the clays (Maleri) with reptilian remains,

and these sandstones, 4c., are nearly allied.

The boundaries that I have given to these rocks which I class and shall hence

forth allude to as Mdhadevas, are, as in the caso of the other groups, more con

veniently appreciated by looking at the map than by reading a long desciiptive

paragraph crowded with the names of villages, hills and rivers.

The dips are everywhere low, slightly undulating or horizontal.

Thero is no difficulty in separating the Mahadevas from the underlying

Rdniganj group, and the boundary of the series which I have given is

moderately reliable. The sandstones and shales and pebble beds are quite dis

tinct from the grey sandstones and shales of the Raniganj horizon. The only

puzzling bit is in the section of the Johilla, where some of the Raniganj sand

stones are more ferruginous than is ordinarily the case. In the rest of the area,

there is a prominent difference between the rocks in each group.

1 Cbang Bbaklmr, JhilniUi, Korea, Sirgujah, ic.
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The unconformity of overlap exists, and is very evident when the lines are

put upon the map. The overlap is distinctly traceable south of Pali, and

eminently so in the Marwas area.

To convey a picture of the lithological character of the Mahadevas, I have

forwarded to the Museum a series of illustrative specimens of the various rocks.

The most prominent feature is the occurrence of ferruginous matter, and silicio-

ferruginous matter producing different degrees of induration and various ferric

tints. There are all gradations of texture, but coarse-grained sandstones pre-

dominate. Pebble beds and likewise conglomerates occur. Shales—red, pink,

lavender, and mottled (red, purple, and yellow)—are moderately frequent in the

lower portion of the group, and being usually brightly coloured they readily catch

the eye.

Describing the rocks more in detail, I have to remark that the sandstones in

the Johilla are very well exposed ; indeed the best section in the whole of the

South Rewah area is to be met with in this river. There is a very moderate dip

to the north, and each stratum shows for a long way. The sandstones are

massive, false bedded, and rather coarse-grained, yellowish-red, and brown, and

brownish-grey in colour. Sometimes they are considerably indurated by iron.

They contain a proportion of ferruginous matter, and when felspar occurs, it is

frequently of a reddish tint. Nests of pebbles and gravel, and runs of the same,

sometimes observable.

With these sandstones are red and mottled shales. Many of the shales are

highly ferruginous. Some of them are fossiliferous. The exact spot where I

found the fossiliferous shales was in the Gorari nulla (a tributary of the Johilla,

right bank), opposite the southern tolah of the present village of Parsora. This

village is not marked on the 1-inch map, but it is about half a mile from the

indicated site of Banoudha in a south-easterly direction. The river opposite the

village of Parsora cuts a gorge in the rocks, exposing yellowish and brownish-

grey silicio-felspathic sandstones, strongly coloured yellow and red mottled sand

stones, and extremely fine-grained dark-red ferruginous shales. These are the

shales that yielded—

Danaopsit ?

Thinnfeldia odontopteroides.

With these shales there arc a few feet of fine-grained mixed pale lilac and

white sandstones, with dashes of dark brownish-red colour, and lichen-shaped

patches irregularly coursing through them. I selected samples of these lichen

patterns for the Museum, as they exhibited in a pretty manner the result of

segregation. The colouring matter of the bandstone is iron, which produced a

shade of lilac. By the process of segregation the colouring ingredient becomes

of a deeper shade within limits, and the ground colour becomes blanched.

From the union of the Ghorari (Gorari) nulla with the Johilla to the junction

of the latter river with the S6n, there is nothing very striking to draw attention

to, the sections being too imperfect to refer to as illustrative ones.

Going eastward from the valley of the Johilla to that of the Son, we pass

over a hilly country which affords an opportunity of studying the pebble beds of

the series. They occur high and low in the Mahadevas ; and throughout the
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length and breadth of the area that I have examined. The pebbles do not make up

the beds, but occur in strings only, in sandstones of varying texture (but usually

coarse). Over many square yards where the lie of the ground is favourable for

the accumulation of the pebbles that drop out as the sandstones disintegrate, they

occur in such abundance, that one could, if so disposed, gather cart-loads of them.

They are usually yellow stained and pellucid.

All the various types of sandstones which make up the Mahadevas are to be

seen in this area between the Johilla and the Son. It is an excellent studying

ground. I have referred frequently to the presence of ferruginous matter in the

sandstones. It occurs in thin vitreous-looking bands, running through the beds

generally parallel with the stratification, and also in the form of sheets placed at

varying angles. When these sheets or plates are nearly vertical with the

weathered surfaces of the rock they appear as thin salient lines. When their

broad surfaces are turned up, they look like turtles and shields of diversified

contour. There is no special horizon for the more heavily charged ferruginous

sandstones, and therefore there is no necessity to indicate the various places

where I met them. I found them throughout.

A very marked feature in many of the sandstones is their mode of weathering.

Owing to unequal degradation, they are worn down into minature table lands

and sharp ridges. When these ridges (as is sometimes the case) are well defined

and nearly parallel to one another, they look like outcrop edges, and often en

courage the eye to make a wrong observation of "strike." As a rule, however,

they are not parallel.

In my journal I have made several special notes on the subject of weathering.

I find they relate principally to the rocks bordering the Chang Bhakhar State,

but the instanoes are just as common in the Son and Johilla villages. I came

across a very interesting case in the Mahan river near Phulwa, and I have the

following entry : " The river Mahan passes through a very pretty gorge in the

Mahadevas, after tumbling over a series of drop shallows ; both banks are fringed

with forest trees : ferns grow on every ledge and in every nook, water streamlets

trickle from crevices. The sandstones are grey-brownish streaked, moderately

coarse felspathic silicious sandstones. Their weathered surfaces are in many

instances scooped and scalloped, and they are traversed by thin but prominent

extending lines (whose durability is due to the segregation of ferruginous matter)

that pursue an irregular course. Where the rocks have been planed to an even

surface (as in the bed of the river) they look like Damuda sandstones—the

demolition of the ridges having caused an otherwise prominent and characteristic

feature of the Mahadevas to be obscured."

Near Dubari (Bands river) I note : " The most striking rock is a white

quartzose and felspathic sandstone, the surface of which is worn into a series of

razor-backs ; and lines so arranged that they look like the pens of a cattle

market." At Majhauli, on the hill north of Majhauli, I found the sandstones

same as on other Mahadeva hills. Most of them are hard and compact, their

surfaces are travelled by chisel-edged ribs left by the process of unequal degrada

tion. These ribs run in various directions, but occasionally they present the

symmetry of geometrical figures, or assume the regularity of sheep pens, or
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furrows in a field. These ridges or ribs do not agree with any system of joint

ing. They are merely indurated free lines of segregation.

There is another peculiar weathering which is seen in some of the sand

stones (and only in those) that contain a small percentage of manganese. The

burface appears studded with knobs, diminishing from the size of cracknel biscuits

to that of frosted almonds and caraway seeds. .

The great mass of sandstones in the MahSdevas accord in character with

those described in the Johilla section, that is, they are usually massively bedded,

often false bedded, generally coarse-grained and friable (when not indurated

by iron) ; rusty brown, salmon, and various shades of grey and yellow are the

most common colours ; scattered pebbles and strings of pebbles are frequent ; and

ferruginous matter, either in bands, in strings, or in plates, or as a general indu

rating agent, is freely distributed ; mica is not nearly so universal a mineral

component as it is in the Damuda series ; felspar and silica are the chief mineral

constituents.

Occurring as one in the series of sandstones, but not frequently, is a variety

which I noted in the Wardha-Pranhita area (above the Kota clays). It is a

pink-coloured sandstone (sometimes a conglomerate) with lighter shaded fine

grained interrupted courses of shale, which give a brecciated look to the rock.

It is not often met with, but it usually arrests the eye, and, as soon as I saw it,

I was reminded of the similar rock in the Wardha-Pranhita valley.

I have made an upper boundary, not coincident with any fixed topmost bed

of the Mahadevas, but limited by the first bed of red or green clay or sandstone of

Maleri type that I met with. This is not satisfactory ; but throughout the South

Rewah country that came under my notice there is not a single clean contact of

the Mahadevas and Maleris. I believe there is unconformity between the two,

the clays and peculiar rubbly calcareous sandstones of the latter group dying out

vapidly in the neighbourhood of the Banfis river, for, if we look at the map,

the Mahadevas east of the Banfis appear to overlap the Maleris. This of course

cannot be : there must either be sudden thinning of the Maleris, or there is a

fault or faults heading roughly north and south. This point I have not settled. I

was occupied in sketching the geology rather than fixing it, in going over a large

area in order to see what rocks I had to deal with, rather than working out

details. Had the evidence everywhere been plain spoken, I should not have

had to record this explanation, but all the sections, with the exception of those

in the Johilla, are most imperfect and unsatisfactory.

I have recorded tho points that have to be borne in mind, and the questions

that require more evidence to be accumulated to elucidate them.

The thickness of the Mahadeva series I put at 1,400 to 1,500 feet. This

is calculated along the fall of the river Son, from the lowest level to the summit

of Kanandil hill.

5. Maleri.—Under this group are included clays and sandstones bearing a

perfect resemblance to the Maleri rocks in the Wardha-Godavari area. I should

not have placed them as such however, but rather as Jabalpur beds, had I not

had the good fortune to discover reptilian remains which proved their identity.
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These remains were of

Hyperodapeclon,

Paraswhus, §*c, $*e.

With these, which occurred in red clays near Tiki, I found Unios as pre

viously with the same fossils at Maleri.

The Maleri group, as I define it, is the highest Gondwana horizon in this

central section of the basin, between the Son and Banas valleys, and is made

up of clays, shales and sandstones, some of which are typical of the group.

The typical rocks are those that I designate low-level Maleris, because they

usually lie in the low ground ; and they consist of red and green clays ;

rubbly calcareous sandstones and fine-grained, friable, thick and false-bedded

sandstones containing clay galls, and with small streaks and dashes of decom

posed felspar.

The calcareous sandstone is very different from the Raniganj calcareous sand

stone. Instead of being a smooth compact yellowish-blue rock, it has a rough

weathered surface, showing moulds of pebbles and clay galls. It is hard and

firm in texture, and of dark grey colour. Where calcareous matter is defi

cient, it is a silicious sandstone, slightly calcareous; but it retains the rough

appearance.

These low-level Maleris form the base of the group. Above them, and consti

tuting the high-level Maleris, are rocks alarmingly like the Mahadevas ; and if it

were not for the intervening zone of clays, I should make them fall into the

Mahudeva horizon. This likeness suggests a fault, and this is all I have to say

about it.

The most convenient section of the low-level Maleris for study is in the Son,

just above Taripathar. Commencing at the big trap dyke we have (descending)—

1. Friable, thick and false-bedded sandstone, chiefly siliciou», containing clay galls and

with white dashes of decomposed felspar. Colour, brownish-yellow and grey,

2. Greenish-grey fine grained sandstone.

3. Brown speckly sandstone, with a few flakes of jetty coal.

4. Fiue-grained sandstone, with thin green lamina), false-bedded, containing pieces of

jetty coal.

5. Kubbly calcareous sandstones.

6. White very fine-grained sandstones.

7. Kedclay.

Stems of trees, with their bark converted into jetty coal, are quite abundant

in the lower Maleris ; and they occur occasionally in the higher Maleris.

The high-level Maleris are seen in all the hills of the Maleri area, and, as I

said before, are very like the Mahadevas. There are red ferruginous shales,

coarse sandstones, with irregular ferruginous courses ; fine-grained silicious sand

stones, yellowish-grey or brown in colour ; purple argillaceous sandstones ; and

sandstones with broken runs of shales ; and others with irregular ferruginous

courses and plates.

There is not much difference between this paragraph and one I have written

under the Mahadeva heading ; and one would naturally say that I have described

B
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Mahadevas under the title of high-level Maleris. I was not of this opinion in

the field, because I had a zone of red clays, containing Maleri fossils, between

my high-level Maleris and the Mahadevas ; but a fault may intervene. If it

does, however, it will have to be of a very complicated pattern.

I have not traced the group west of the Son, nor have I accurately defined

it east of the Bands. It has either been dropped out, or it has thinned out east

of the Bands, for though the red clays run in great strength as far as Bamraha

and Dagdoua (Atlas Sheet), I did not meet with one bed east of the Bands.

With the clays are found botryoidal masses of manganese ore. Mr. Mallet's

remark on a sample submitted to him is—

" Manganese ore (Basi), apparently psilomelane. It contains a large amount

of insoluble matter, some iron, and a trace of cobalt."

6. Jnbalpur.—Within the area examined I did not meet with any members of

the Jabalpur group. I walked some of the rivers near Chandia and Kauria

and procured some fossils from near Bansa, a list of which is published in

Dr. Feistmantel's paper.'

The fossils were found in pale grey argillaceous shale, and also in a slightly

carbonaceous shale, which crop out in the Machrar river, a few yards below the

Kauria and Majhgawan ghat.

Associated with these shales are sandstones salmon-coloured, light purple,

.grey and fine-grained. At junction of Machrar and Mahanadi, the sandstones

are massively bedded and contain shale galls, like the high-level Maleris.

I brought some Umaria coal, which is supposed to be of Jabalpur age.5 Mr.

Mallet's analysis shows—

Moisture ... ... ... ... ... ... 11-3

Volatile (exclusive of moisture) ... ... ... ... 29 4

Fixed carbon... ... ... ... ... ... 45 8

Ash ... ... ... ... ... ... 135

Total ... 1000

This resembles a lignite coal in its moisture. The ash is much less than I

anticipated.

7. Lameta.—This group was not undertaken, I merely made a note of its

occurrence whenever found. It is extensively exposed beyond the south-west

edge of the Gondwana basin, along the base of the basaltic plateau of Mandla.

8. Trap.-—Babu Hira Lai had charge of the trap, and he looked for it dili

gently. There was a good deal of hard labour involved in tracing the course

of the various runs of trap, much more indeed than the results on the maps

convey at first sight. The trap is found occurring in the most irregular shapes,

both in dykes and in sheets.

1 Records, XIII-3, p. 189 (1880).

- Mr. Hughes has recently (15th December) wiitten to say he has found Gangamopterit,

Qlotsopteris, and Phyllotheca in the Umaria seam, proving it to be of Damuda age.
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On the ferruginous beds associated with the Basaltic Rocks of North-Eastern Ulster,

in relation to Indian laterite.—By F. R. Mallet, F.G.S., Geological Sur

vey of India.

Within the last two decades an important industry has sprung up in the

county Antrim in the utilisation of the ferruginous beds which occur interstrati-

fied with the basaltic rocks of North-Eastern Ulster. The first ore appears to

have been raised some twenty years ago, and during 1869 upwards of 50,000 tons

were shipped to England.1 At the present time the output is much larger.

Several companies have been formed for working the ore ; narrow gauge lines

of rail have been laid down from some of the most important mines to the sea,

and the ore is shipped from several of the Antrim ports to those of Cumberland,

Wales, and the Clyde. " Its freedom from deleterious substances, such as phos

phorus and sulphur, and from any qualities injurious to the production of

superior iron, commends it highly, while the presence of titanic acid in the

pisolite-bed adds much to its value for the production of steel. But it is the

high percentage of alumina that claims for this ore peculiar importance. Mr. S.

Evans, who has introduced much of this ore into England, informs us that its

value as a flux is becoming more and more appreciated, and that the furnaces

of Cumberland and Lancashire are now supplied with large quantities for mixing

with the silicious haematites of that district. The effects of combining these two

ores in the furnace is to soften the slag and to produce what is called a "loose

load," which allows the metal to pass through with facility, and at the same

time acts as a protection to the inner coating of the furnace. But, in addition to

these valuable properties, the alumina determines the separation of the silica

from the haematite-ores, thereby producing from a given quantity a larger per

centage of metallic iron than could otherwise be obtained. The great difficulty

hitherto has been to produce an iron free from silica for the Bessemer process

of steel-iron making. The Cumberland ore has been found well adapted for pro

ducing this steel ; but the contained silica has always been a drawback, injurious

and difficult to remove. The great demand is for an iron free from silica; and

since the Antrim ore has entered the market, this desideratum has been accom

plished : it contains little or nothing deleterious, and yet has within itself the

essential properties for making a superior steel-iron, while the large excess of

alumina acts as a purifier to the richer ferruginous ores, and has thus enabled

the Cumberland and Lancashire furnaces to stand first in producing the most

suitable iron for Bessemer's process.8

The working of so many mines affords means for studying the ferruginous

beds satisfactorily, and struck, from the published descriptions, with their primd

facie resemblance in several points to the laterite of India, I took the opportunity

of a recent visit to Europe for examining the rocks in situ.

' Messrs. Tate and Holden : Quart. Journ. Geol. Soc., XXVI, 164.

'Ibid., 163.
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The first section visited was at Belnmford, Island Magee, which has been

described as follows by Messrs. Tate and Holden."

Ft. In.

" 1. Columnar basalt, with 2 or 3 inches of decomposed rock below.

2. Pisolitio iron ore. The upper 2 inches with little or no ochreous matrix :

the spheroids large, and now and then a thin lamina of the ore. The

ochre increases in quantity with the increase of depth, and the

iron-ore merges into ' hole ' ... .. ... ... 2 6

3. Bole,—an indurated red ferruginous ochre ... ... ... 2 0

4. Yellow ochre ... ... ... ... 3 0

which graduates into

5. Blue lithomarge—Base not seen, hut thickness proved to ... ... 29 6"

The pisolitic ore appears to inclnde some hydrous mixed with anhydrous ferric

oxide, while some of the spheroids are magnetic. It is soft and breaks easily with

an uneven fracture. The 'bole' and 'yellow ochre' are more clunchy in aspect

than the above, breaking with a somewhat conchoidal fracture They are very

brittle, and, at the surface at least, are divided into small pieces, perhaps by

partial dessication. The ' blue lithomarge ' has more commonly a sort of brown

ish lilac colour, thickly speckled with small white or yellowish-white spots, but

some parts are brown or yellowish or even green, with similar speckling. It

breaks with a conchoidal fracture, and is divided at the surface (by dessication ?)

into irregular pieces, but not so much so as Nos. 3 and 4. There is a well marked

line between the basalt and the pisolitic ore, but the latter and Nos. 3, 4, and 5

are not sharply demarcated.

At Shane's hill, a few miles from Lame, there are several mines. The pisolitic

band is thicker there than at Belumford, about 3 feet and 6 inches being exposed in

one adit. It is covered, with a sharply marked junction, by basalt. The chief part

of the ore consists of a matrix apparently including both anhydrous and hydrous

ferric oxide in varying proportions, through which magnetic spheroids are more

or less thickly scattered. Yellow ochre, &c., occur beneath the pisolitic band,

beneath which there is apparently lithomarge, but no good section of the lower

beds is exposed.

At the Glenariff iron mines, near Red Bay, levels have been driven in on the

outcrop of the ore-bed at short intervals for a distance of several hundred yards .

The bed containing the best ore is directly under the upper basalt, and averages,

as I was informed by Mr. Argall, in charge of the mines, about 18 inches in thick

ness. It varies greatly, however, sometimes thinning out to a couple of inches,

and sometimes expanding to as much as 3 feet. The composition varies also.

The ore is mainly a pisolitic hematite, but there is a considerable quantity of

pisolitic limonite (some of the spheroids in which are magnetic) and also of

pisolitic magnetite. I understood from Mr. Argall that the different varieties of

ore pass into each other irregularly, and are not separated into distinct beds.

The first quality ore is all obtained from the above-mentioned bed, of which

> the upper part contains a rather higher percentage of iron than the lower.

• Quart. Journ. Geo!. Soc, XXVI, 153.
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It rests on a poorer ore, of a more ochrey or clayey kind, in which the pisolitic

character is comparatively faintly developed. The latter becomes less ferruginous

lower down and appears to pass into speckled lithomarge. No good section of

the latter is exposed, but Mr. Argall thought there was not less than 30 feet

of ferruginous and lithomargic rock altogether. Beneath it is the lower basalt.

At the Ballylagan iron mine near Portrush, which I visited with Mr. Egan

of the Irish Geological Survey, to whom I am indebted for the following section,

there is exposed :

Basalt (lower part amygdaloidal)— Ft. In. Ft. In.

' Hematite 1 of the miners ... ... ... 0 1 to 0 6

' Ore ' of the miners ... ... ... ... 1 6 to 3 0

' Pavement ' of the miners, known to he not less than 12 feet ; probably considerably more.

The ' hematite ' is a compact limonite, breaking with subconchoidal fracture.

The ' ore ' is an ochreous argillaceous variety of the same, with perhaps some

anhydrous oxide ; the ' pavement ' consisting of bole, lithomarge, Ac., the exposed

portion, at least, of the latter being here pale green or brownish without

At the Ballymagarry mine, also near Portrush, the section is very similar to

the above. A boring was sunk in the ' pavement ' there to a depth of 30 feet.

Numerous other sections have been described by the officers of the Irish

Survey and others,' bnt I have confined myself to those which I have myself

seen.

According to Professor Hull, " the beds of ore, wherever they are found,

belong to one and the same geological horizon, and enable ns to separate the

basaltic series into two great divisions—one below and the other above the position

of the pisolitic ore "3—

Maximum thickness.

Ft.

Upper (<.). Beds of tabular bnsalt and dolerite, generally colnmnar (over) ... 400

Lower (A). Beds of pisolitic iron-ore, bole, volcanic ashes, and lignite ... 50

(a). Beds of tabular basalt and dolerite, generally amygdaloidal, and

containing bands of bole ... ... ... ... 600»

The origin of the Antrim ferruginous beds has been the subject of considerable

discussion. Mr. Du Noyer appears to have held that the ore of Magee Island

(p. 140) was mechanically deposited by water, and that "it was as true an

aqueous conglomerate as if it had been found in the heart of the old red sandstone."

Messrs. Tate and Holden believed that the lithomarge, bole, and pisolitic ore are

all produced by alteration of the basalt in situ. " There can be no doubt that

the lithomarge and bole alternating with compact basalts are but decomposed

basalts • * * But these differences do not militate against the

' Vide Quart. Journ. Geol. Soc, XXVI, p. 151, aud Explanatory Memoir to sheets 21, 28,

and 29 of the Geological Survey Maps.

J British Association Report, 1874, Geological Section, p. 70. According to Mr. Kinahan

(Geology of Ireland, p. 164), the iron -ore beds, "although classed in one scries, seem to occur on

slightly different geological horizons."

3 Explanatory Memoir to sheets 21, 28, and 29, p. 17.
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presumed origin of the bole and iron-ore—that they are several stages in the

metamorphism of one original mass ; the addition of water to the basalt, and loss

of lime, other alkaline earths, and alkalies, produced bole ; the loss of water and

oxygen from the ferruginous materials of the bole resulted in an increased per

centage of iron in the pisolitic ore."'

The opinion, however, appears to be held now with some unanimity that the

iron-ores are of lacustrine origin, and that they have been formed through organic

agency. In the discussion on Messrs. Tate and Holden's paper, Mr. D. Forbes

expressed his belief that " the origin of the pisolitic ores was in fact organic.

In Sweden certain lakes were regularly dredged each year for the pisolitic ore

still in course of formation by means of confervoid algae. He therefore regarded

the whole of these beds as in a certain sense sedimentary, and though due to

organic agency, yet still deriving their original mineral matter indirectly from

the basalt. The basalt contained a considerable amount both of phosphorus and

sulphur ; and if the ores had been derived directly from the basalt, both these

substances would have been present in them.* This was an argument against

any direct metamorphism. The presence of vanadium afforded additional reason

for regarding these ores as formed in the same manner as bog-iron and similar

ores."3 Professor Hull takes the same view. The beds beneath the iron-ore he

regards as volcanic ash. " The period of the formation of the older sheets" (of

basalt) " appears to have been brought to a close by the discharge of volcanic

ashes and the formation of an extensive lake, or series of lakes, over the region

extending at least from the shores of Belfast Lough to the northern coast of

Antrim, in which the remarkable beds of pisolitic iron-ore were ultimately

deposited. This is the only mode of origin of these ores which seems to me at

all probable ; and I am consequently unable to accept the views advanced by

Messrs. Tate and Holden regarding their origin from basaltic lava by a process

of metamorphism. That water was present, and that the beds of ash which

underlie the pisolitic ore were stratified, at least in some instances, is abundantly

evident upon an examination of the sections at Ballypalidy, Ballymena, and the

northern coast. In some places they seem to be perfectly laminated in a manner

that could only take place by the agency of water. It would seem, therefore,

that by the combination of slight terrestrial movements, a shallow basin was

formed over the area indicated, which received the streams charged with iron in

solution, draining the upland margins, from the waters of which were precipi

tated the iron, possibly by the agency of confervoid algae, as in the case of the

Swedish lakes of the present day (a view maintained by Mr. D. Forbes, F.R.S.),

or by the escape of carbonic acid, owing to which the iron became oxidized and

was precipitated."* Mr. Kinahan says :—" The iron-ore measures appear to have

been lacustrine accumulations, and to have been formed similarly to like deposits

1 Quart. Journ. Gcol. Soc., XXVI, pp. 155, 158. The authors believed that the iron-ore

at Ballypalidy differed from those elsewhere in being of sedimentary origin.

* Bog-ores frequently contain a high percentage of phosphorus, but it appears that lake-ores

are in some cases, at any rate, comparatively free from it (Bischof's Chemical Geology, I, 167).

s Quart. Jonrn. Geol. Soc, Vol. XXVI, p. 164.

* British Association Report, 1874, Geological Section, p. 70.
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now accumulating in Central America, where, on the uneven surfaces formed by

successive but unequal flows of dolerite, there are shallow expanses or lakes of

water. In such lakes the first accumulations are necessarily the detritus or dis

integrated portions of the surrounding rocks carried into them by rain and rivu

lets or wind, which may or may not have been augmented by showers of volcanic

tuff. A necessary accompaniment of the decomposition of the detritus of the

dolerite was the formation of iron-ores, which more or less impregnated the

strata ; thus the lithomarge would be formed. The aluminous-ore appears to

have been due to a longer water carriage, alumina and iron held in solution being

carried and deposited during hot weather. Somewhat similar action takes place

at the present day in many places in Ireland, as, during the summer heat, waters,

which at other times are perfectly clear, get thick and muddy as they become

shallow, depositing argillaceous peroxide of iron. The pisolitic accumula

tions were probably due to the presence of organic matter that attracted the iron.

These shallow lakes in some instances became marshes or even peat-bogs, the

latter being now represented by the lignite." 1

The ferruginous beds of Antrim, although bearing a considerable general

resemblance to Indian laterite, are still by no means lithologically identical with

it. The top bed, which is that principally worked for ore, generally consists of

a more or less indurated red or brown (according to the state of hydration)

ochreous matrix, through which pisolitic spheroids are more or less thickly

scattered. Sometimes, as at the Glenariff mines, the spheroids make up the

greater portion of the ores. In the lower beds, which are more aluminous and

less highly ferruginous, the pisolitic character is comparatively faintly developed.

But the rock, as far as my experience goes, is very nearly always compact, im the

sense of being free from cavities. I have never seen it largely cellular. " In

many forms of laterite," on the contrary, " the rock is traversed by small irregular

tortuous tubes, from a quarter of an inch to upwards [of an inch in diameter.

The tubes are most commonly vertical, or nearly vertical, but their direction is

quite irregular, and sometimes they are horizontal ; they are usually lined

throughout with a crust of limonite, and are often filled with clay, except near

the surface."2 Such tubes, however, although very common, are by no means

universal. A good deal of the laterite is as free from cavities as the Antrim

ores. Many examples of such are contained in the Geological Museum collections.

Possibly the occurrence of tubes in the laterite, and not in the Antrim beds,

may be connected with the fact that the latter are protected by a covering of

basalt, while the surface of the Indian rock is freely exposed to atmospheric

influences.

The mottled or blotchy character of a very common form of laterite, due to

segregation of the iron in the harder portions, while the softer contain little or

none,1 is a peculiarity not quite absent from, but still, as far as I have seen,

very faintly developed in, the Antrim ore.'

1 Geology of Ireland, p. 165.

* Manual of the Geology of India, p. 350.

» Ibid.

* The lithomarge beneath is very frequently speckled, vide p. 140.
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The iron in the Antrim ores, whilst occurring mainly in the state of hydrous

and anhydrous peroxide, also exists as magnetic oxide. Usually some, some

times most or all, of the pisolitic spheroids attract the needle. An analysis by

Dr. Apjohn, however, of magnetic spheroids from the Red Bay ore showed that

the main portion of the iron, even in them, was in the state of peroxide. They

contained 51-37 per cent, ferric oxide and 11*74 of magnetic oxide.1 A portion

of the ore at the Glenariff mines is, in considerable part at least, magnetic

oxide.

In laterite, on the contrary, magnetic oxide seems to be very exceptional.

Mr. Blanford does not allude to it, and out of numerous typical specimens in the

museum, from various parts of India, that I examined, only one had any action

on the magnet.

The published analyses of the Antrim ferruginous rocks and of Indian late-

rite might lead one to suppose that the average percentage of iron was consider

ably higher in the former. Six analyses of the pisolitic ore are given in Messrs.

Tate and Holden's paper, in which the ferric oxide ranges from 45'0 to 81'5 per

cent. (= 31'5 to 65-2 per cent, of iron).* The percentages of ferric oxide in

nine samples of laterite from various widely separated localities were found on

assay to range from 21'4 to 50'8 per cent. (= 15*0 to 35-6 per cent, of iron).5

The first mentioned analyses are all, however, of ore from the pisolitic band, which

is by far the richest in iron, and which alone furnishes ore of first quality. I

do not know that the average percentage in all the ferruginous beds overlying

the lithomarge would be found higher than that in laterite, and portions of the

latter contain much higher percentages than those quoted. A lateritic limonitc

from the Jabalpur district which I have recently assayed yielded 76"1 per cent,

of peroxide.

The Antrim beds occur in the middle of the basaltic rocks, separating them

into a lower and an upper division : the laterite associated with the volcanic

rocks of India overlies them. The thickness of the Indian rock again is, in

some areas at least, much greater than anything met with in Antrim. The

high-level laterite is sometimes 100 or even 200 feet in thickness,4 while the

thickness of the beds above the lithomarge in Antrim can, I believe, always be

indicated by one figure. The former difference may, however, perhaps be re

garded as the cause of the latter. The time available for the accumulation of

the Antrim beds was merely that between the earlier and the later periods of

volcanic eruption, which may have been of comparatively short duration. The

Indian laterite-forming period* having commenced only at (or after) the close

of the eruptive epoch, there was, in as far as interference from volcanic over

flows was concerned, an unlimited time for its accumulation.

■ Quart. Journ. Geol. Soc., XXVI, 158.

« Quart. Journ. Geol. Soc , XXVI, 150. Bauerman (quoted by Kinahan) says the ore contains

from 30 to 70 per cent, of iron.

3 Manual of the Geology of India, p. 350.

4 Ibid., pp. 354, 355, 356.

• I, of course, allude only to the laterite associated with the volcanic rocks of India.
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The lithomarge underlying the Antrim beds, and that beneath the laterite,

or perhaps I should say the first of the two forms described by Mr. Blanford,1

are so similar that I am unable to indicate any lithological distinction between

them, except that I have not observed any pipes in the Irish rock. Mr. Kinahan

remarks that " the bright-coloured lithomarges " (of Antrim) " are identical in

aspect with some of the varieties of steatitic laterites collected by Wynne in

Kutch, India."*

I scarcely think that the points of variance I have indicated above suffice to

essentially differentiate the Irish from the Indian rocks. There remain the very

important points in which they agree. Both are argillaceous, often pisolitic, forms

of highly ferruginous rock ; the iron in both is mainly in the state of hydrous and

anhydrous ferric oxide. Both are associated over wide areas with underlying

lithomargic beds, and both are intimately connected in some way with volcanic

rocks.

It is therefore, I think, worth consideration whether the view taken by the

Irish Geologists as to the origin of the Antrim beds, may not be found applica

ble to some of those in India. The fact alluded to by Mr. Kinahan, that

" during the summer heat, waters, which at other times are perfectly clear,

get thick and muddy as they become shallow, depositing argillaceous peroxide of

iron," coupled with the warm or sub-tropical climate which is believed to have

characterised the miocene epoch in Europe—the epoch to which the Antrim

beds belong—is, I think, very suggestive with reference to the wide spread

occurrence of comparatively recent argillo-ferruginous rocks in India and some

adjacent countries. It is scarcely necessary here to recall the method in

which bog and lacustrine deposits of iron are considered to have originated.

During the decay of vegetable matter, oxygen is absorbed, and amongst the

products of alteration are carbonic, together with some organic, acids. Where

freely exposed to the air, it is, of course, from the atmosphere that the oxygen

is derived ; but where the decaying matter is in contact with the higher oxides

of iron, as in soils derived from the disintegration of ferruginous rocks, it has

the power of abstracting oxygen from them and reducing them to protoxide.

The carbonic acid unites with the latter, forming ferrous carbonate, which is

soluble in water containing an excess of carbonic acid. The water, then, drain

ing from such soils, and collecting into rivulets and streams, is more or less

chalybeate. But in contact with aii the ferrous carbonate is rapidly decomposed

with escape of carbonic acid and re-oxidation of the iron to ferric oxide. A portion

is thus precipitated during the flow of the water along its river-bed, but in such

a finely divided state that the gentlest current is sufficient to keep the oxide in

suspension. It is thus carried along, together with the carbonate remaining in

solution, until, entering some expanse of stagnant water, it slowly sinks to the

bottom. The ferrous carbonate is here further decomposed, forming a thin

film of oxide nn the surface, which breaks up and sinks, to be replaced by

1 Manual of the Geology of India, p. 353.

1 Geology of Ireland, p. 163.

T
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another gradually formed film of the same kind. A portion of the iron also is, in

some cases, deposited through the agency of living organisms. The organic

acids form salts of iron, which aro of frequent occurrence in bog-ores. 1

Now, as the original ' leaching out ' of the iron from the ferruginous soil depends

on the decay of vegetable matter, it is not unreasonable to suppose that the

quantity so extracted will bear some relation to the luxuriance of the vegetation

and the rapidity of its decay, which are themselves intimately connected with

high temperature and humidity of climate. It is doubtless true that lacustrine de

posits of iron are being formed in comparatively high latitudes at the present

day. More than a thousand lakes in Sweden, Norway, Finland, and Northern

Russia are said to afford examples of this.* But expanses of water for the

ore to form in are a necessary condition, as well as decaying vegetable matter

to extract the iron, and lakes are far more numerous in high than in low

latitudes. At the present time, while the lakes of Northern Europe are to be

numbered by hundreds, those in Peninsular India of any size may be counted

on one's fingers. Other conditions being similar, it appears probable that

lacustrine ore would form more abundantly in a hot and humid, than in a cold,

climate.3

The view that high-level laterite is of lacustrine, and, in so far as the iron is

concerned, of chemical origin', seems to offer an explanation of the high per

centage of iron in the rock, as well as of its tolerably uniform diffusion over wide

areas. It at the same time presents an apparent reason for the undoubted partly

detrital character of the laterite in some areas,5 materials in solution and carried

along mechanically having entered the lakes together and been deposited toge

ther in varying relative proportions. It also affords a seemingly plausible

explanation of the connection between the trappean and lateritic rocks of India,

as well as the occurrence of laterite unconnected with volcanic overflows. Any

ferruginous rock may, if the necessary conditions are present, have its iron leached

out to be subsequently concentrated elsewhere ; but the trappean rocks are those

which combine in the highest degree a widely extended area and a considerable

percentage of iron.

In considering the question of how far the present position of the high-level

laterite supports, or is adverse to, the supposition of a series of lakes and marshes

having at one time existed in the lateritic area, the post-tertiary changes of level

1 Vide Bischof's Chemical and Physical Geology, I, 166. Leconte's Elements of Geology,

pp 136, 374, &c, &c.

« Bischof, I, 170.

3 Mr. Blnnford has discussed the evidence tending to show that the climate of India was colder

during the glacial epoch of Europe than it is at present (Manual, p. 372). But there does not seem

to be any reason to suppose that dnring other portions of the tertiary period, the temperature was

lower than it is now.

* The action of decaying vegetable matter should, it seems to me, be classed as chemical rather

than organic (in a geological sense), for although the changes are produced through the agency of

organic matter, the latter acts merely chemically and not through its vitality, which is extinct.

• Manual, p. 363. Memoirs, II, 86.
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in the Indian Peninsula discussed by Mr. Blanford1 should not be lost sight of,

although he considers that the relative changes of level in the Deccan have not

been very great.* The mere fact that laterite is frequently found capping the

highest eminences cannot be taken as an argument against its lacustrine origin,

for, as Mr. Blanford has pointed out,3 it resists disintegration far better than

most of the trappean rocks. Although now, therefore, often covering some of the

highest ground, it may at the time of its formation have occupied the lowest.4

Doubtless the view I have alluded to is not without its difficulties. I havo

not brought it forward under the supposition that it affords a complete and in

every way satisfactory solution of the laterite problem, but as one with at least

sufficient privia facie plausibility about it to render it worthy of discussion. The

intertrappean beds near the base and in the upper portion of the volcanic series

bhow that lakes and marshes did exist at times, and it may very well be asked

why no laterite was deposited in them. Whatever view, however, be taken of

the origin of the rock, its non-occurrence interstratified with the volcanic flows

seems to be difficult of explanation.5

The foregoing remarks refer more especially to the high-level laterite

connected with the volcanic rocks of India. In other parts of the country,

' original laterite ' (as contradistinguished from the detrital variety derived from

the degradation of pre-existing laterite) seems to exist in positions where no

such connection can be traced.8 Mr. Theobald, for instance, describes laterite

in Pegu as forming a portion of the older alluvium, and as of estuarine origin.

He points out that the materials from which it has been formed have been de

rived from the metamorphic rocks of the Poungloung ranges, and in a less degree

from the tertiaries of the Pegu range.7 In these cases, also, the iron may have

been leached out, and subsequently concentrated, through the agency of vege

table decay, not through mechanical degradation alone.

1 Manual, p. 375.

» Ibid., p. 363.

» Ibid., p. 363.

4 Striking examples of an analogous kind are to be seen in the volcanic district of Anvergne.

The outhursts there took place on a granitic plateau, which is fringed by a series of valleys and spurs

leading down to, and overlooking, the plain of the Limagne. The flows of lava at the time of their

emission of course, like any other fluid, chose the lowest ground they could find; the more recent

consequently fill up the bottoms of the present valleys j but owing to the rapidity with which the

granite is disintegrated in comparison to the basaltic lava, the remnants ot the most ancient

streams are found capping some of the highest spurs and isolated hills. Yet the earliest volcanic

outhursts are believed to be of Upper Eocene data, or more recent, perhaps, than some of the high-

level laterite (vide Manual, p. xiii).

* There are indeed layers of red bole here and there, interbedded with the traps, which Mr.

Blanford considers have had a similar origin with the laterite (Manual, pp. 304, 367). Exactly

similar layers are met with in the volcanic rocks of Antrim. They are regsrded by Sir C. Lyell as

representing ancient soils, formed by superficial decomposition of the lava " or where volcanic

sand has been thrown down from above or washed over the older lava by torrents and floods "

(British Association Report, 1874, Geological Section, p. G9. Phil. Trans., 1858, p. 711).

• Mr. Foote (Memoirs, X, 27) draws a marked distinction between 'true sedimentary laterite'

and the rock which is associated with volcanic products.

Memoirs, X, 56.
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The general question admits, in some degree, of being put to the proof. If

the view indicated above be a correct one, the water of the streams flowing

through the trappean area, especially in the portions where the climate is most

humid, ought to contain an appreciable amount of iron in solution, and the ex

amination of the mud at the bottom of some of the old artificial lakes in the

volcanic area (in localities where no laterite exists in the catchment area) would

show whether anything resembling laterite is now being formed in such posi

tions.

In the Geological Magazine for July 1880, Mr. W. J. McGee of Farley, Iowa,

LT. S. A., compares the ferriferous deposits of the Upper Mississippi basin with

Indian laterite in reference to the origin of the latter. " Briefly the Missis

sippi valley ores are attributed to the agency of decomposing vegetable matter

in liberating the iron from adjacent rocks and earths, and the subsequent

combination of this iron with the atmospheric oxygen. This property of vegetal

solution was long ago pointed out by Dr. Sterry Hunt. Accordingly, the iron is

most abundant in those formations and localities in which the decomposition of

vegetable matter has been greatest. In accordance with the principle indicated

above, it may be suggested that the Indian laterite is the product of the alter

ation in situ of the underlying rocks by the usually recognised atmospheric

and chemical agencies, modified by the action of decomposing vegetation. In

consequence of the operation of this last factor, all the iron of the rocks has

probably been retained near its original position (and possibly increased through

metasomatism), while other elements have been borne off in the winds or carried

down to the sea. The accumulation of laterite in any region would, if this

view be correct, depend (1) on the solubility of the basal rock; (2) on the pro

portion of contained iron ; (3) on the fertility of the soil formed by its disinte

gration ; and (4) very largely on the climate of the region."

It will be observed that Mr. McGee ascribes to decomposing vegetation a

large share in the production of the rock in question, a view in favour of which

there is, I think, much to be said. But that laterite is a product of alteration

in situ of the underlying rocks is a view open to serious objections, which have

been fully discussed by Mr. Blanford.1 I need not therefore allude to them

here, but they are not, as it seems to me, removed by an appeal to the agency

just alluded.

Notes on some Rajmahalplants.—By Ottokar Feistmantel, M. D., Palteontohgist,

Geological Survey of India.

(With Plates I and II).

In the preface recently issued for the second volume of the Gondwana flora,'

I have given the entire list of plants known up to date from the upper portion

.of the Gondwana system. I have introduced in it some alterations regarding

the systematical position of several plants, as required by recent systems of

classification, and after re-examination of the specimens concerned. As I could

i Manual, p. 360.

s Pal. Indica, 1880 (consisting of Nob. 1 and 2 of Ser. XI).
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not then give any illustrations, I do so now of two of the most interesting

bpecies from the Rajmahal group, the systematical position of which needed

readjustment, and I add figures of a few others from the same group.

FILICES.

Family: CYATHEACE2E.

Genus: Dicksonia, L'Herit.

(1877. Feistmantel: Rajmahal flora, Cont. Pal. Ind„ Ser. II-2, p. 75).

A real Dicksonia was described by me (Z. c, pp. 76-77) from the Rajmahal

group in the Rajmahal hills, at about the same time as Prof. Heer introduced

this genus in his Jurassic Flora of Eastern Siberia and the Amur countries,

so that in this case I acted entirely independently of this author. There remained,

however, several other forms (especially amongst the Sphemopteridece) with their

older names, which have now to be included in this genus, as has been indicated

by Prof. Schimper in his most recent work on general phytopalaeontology ;1 and

this has been done in the aforesaid list. These forms, which are now to be placed

with Dicksonia, are : Sphenopteris comp. arguta, L. and H., and Hymenophyllites

Iwiburyanus, Oldh. and Morr., sp.

A third species was classed before with Pecopteris, and to this specially my

remarks will refer.

Dicksonia (Pecopteeis) lobata, Oldh. and Morr., sp. (Fstm.) PI. I, figs. 1-2.

1862. Pecopleris lobata, Oldh. and Morr. : Pal. Ind., Ser. II-l, p. 52, PI. XXVIII,

fig. 1, Pis. XXIX, XXX.

1877. Feistmantel : I. c, p. 92, PI. XXXVI, fig. 3 (comparing it with Dickt, lindra-

bunensia).

1879. Schimpcr, in "Handbuch der Pateontologie " by Zittel and Schimper

Vol. II-l, p. 94.

1880. Feistmantel, with Dicksonia : Preface to Vol. II, Gondwana Flora, p. lii.

In my continuation of the Rajmahal flora (I. c, p. 92), I pointed to the re

semblance of the fructificating specimens of this species to Dicksonia bindra-

bimensis, then described by me ; I did not, however, then attempt to definitely

establish this view. In my list of the Upper Gondwana fossils in the preface

to the second volume of the Gondwana flora, I have included this species with

Dicksonia, and I give now (on PI. I) a few illustrations for explanation.

In PI. I, fig. 2, is one pinna of the original (specimen) figured in Dr. Oldham's

and Prof. Morris' Rajmahal flora (1862), PI. XXX'; it represents a sterile

frond ; fig. 2a shows a pinnula enlarged, with the only veins visible.

Fig. 1 represents two pinnulae of a specimen which was not figured before,

but which I found amongst those brought, I believe, by Mr. V. Ball. The

specimen somewhat resembles that mentioned above (figured in the Rajmahal

1 Zittel and Schimper: Handbuch der Palseontologie, II Bd., Ite Lieferung (by Schimper).

Only so ranch (Algae Filices) is as yet published.

5 The specimen figured on PI. XXIX, fig. 1, is the same as that on PI. XXX.
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flora, PL XXX), but the pinnules are in fructification throughout ; figs, la

and 16 are enlarged portions of the right pinna, to show the position of the

fructification.

When discussing the Dicksonia bindrabunensis,1 I alluded to this fructification,

writing (I. c.) : " If I am not wrong then, the species which Messrs. Oldham

and Morris described as Pecopteris lohata, 0. M., could perhaps, from the fructifi

cation, be put rather also near this form." If we compare these two forms, we

shall find a great analogy as regards the position of the sporanges, but in

Dicksonia bindrabunensis, Fstm., they are much smaller, while in Pecopt. lobata,

Oldh. and Morr., they occupy almost one-half of the pinnula-lobe and are very

prominent ; they are placed on that half of the lobe which is turned away from

the rhachis of the pinna ; towards the apex of the pinna the pinnulae become

less lobed, until they become single lobes themselves, and in these apical lobes

also the fructification is of the same character. I could find no trace of veins

by most careful search.

This form then increases the number of the fossil species of Dicksonia.

It is from Bindrabun, N.-W. Rajmahal hills.

T^NIOPTERIDE^.

Angiopteeidium spathclatcm. PI. I, fig. 3.

1862-77. Gondwana flora, Vol. I, p. 39 (Oldh. and Morr.), 97 (Fstui.)

I figure this specimen, which is of exactly the same type as those figured on

PI. VI of Messrs. Oldham and Morris' Rajmahal flora (I. c), only because it

comes from a new locality ; it occurs together with another plant to be mentioned

hereafter on the same rock specimen, which bears the inscription " Sikragullee,"

and there is little doubt that it comes from the small outlier of Rajmahal beds

on the Ganges, east of Sahibganj. It is preserved in a light olive-green shale,

the impressions of the leaves being quite white.

LYCOPODIACE.E.

I have only recently introduced this order into the list of the Upper

Gondwana fossils (I. c, p. xix), with one species formerly described in quite a

different class.

Lycopodites gbacilis, Oldh. Morr., sp. (Fstm., 1880), PI. II, fig. 2.

1862. Oldham and Morris : Rajmahal flora, PI. XXXIII, figs. 1-2. (Name in the ex

planation of the plate only).

1877. Feistmnntel : CheiroUpis, Rajmahil flora, Cont. p. 139.

1880. Lycopodites, Gondwana flora, Vol. 1 1, preface, p. xix.

When first describing this plant (I. c), I placed it by the characters then

known to me with Cheirolepis ; but I then already noted in my diagnosis :

" Planta tota habitum Lycopodii immitante."

1 Gondwann flora, Vol. I, p. 77.
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Lately I discovered a specimen in our collections with an apical cone-liko

fructification, entirely after the manner of some living Lycopodiacece. The

leaflets (which, however, in this specimen do not show well the tetrastichous

disposition) become, from the place of ramification, smaller and smaller towards the

apical portion of the branchlets until they pass into the cone-like fructification.

There can be little doubt about the lycopodiaceous nature of this fossil now,

which was already suspected also by Prof. Heer in his Jurassic Flora of Eastern

Siberia.

Fig. 3a shows some of the branchlets enlarged.

This species is from Bindrabun, N. W. Rajmahal hills.

CYCADEACE^E.

Order: ZAMIE2E.

8ub-order : Diottozamiejs.

DlCTTOZaMITEs INDICUs, Fstm. PI. II, fig. 1.

I give another figure of this interesting species, because it is rather rare in the

Rajmahal hills, and because it comes from a new locality, Sikragali, the same,

as already mentioned before, with Angiopteridium spathulatum, with which it

occurs on the same rock specimen.

CONTFEE^E.

Palissta indica, Oldham & Morr. sp. (Fstm.) PI. II, figs. 3, 3a.

There is little doubt that the specimen figured at present belongs to the above

species, although it somewhat differs in the manner of ramification from the

original drawing in Messrs. Oldham and Morris' Bajmahal flora (PI. XXXIII),

and given again from the type specimen in my Jabalpur flora.1 On the other

hand, it shows a great analogy with a plant which Prof. Heer in his paper on the

permian plants from Fiinfkirchen in Hungary* described as Voltzia hungarica, Hr.

There is little of Voltzia-like appearance in the latter species, a view which we

find also expressed in Mr. D. Stur's review of Heer's paper.3 Prof. Heer's figure

resembles indeed much more a Palissya, and seems to differ from my present

drawing by its size only. Figs. 2b and 36 (Heer, I. c, PI. XXII) show the

leaflets with the middle vein, but the drawing gives an impression as if there

were three veins, just as is the case with one of the original drawings of Palissya

indica (Oldham and Morris, I. e. ),* but which appearance was pointed out by

Prof. Heer as being not a character of Palissya. I therefore draw special atten

tion to Prof. Heer's figures of the leaflets with the middle vein.

If Prof Heer's fossil is, as from the figure it would seem most naturally to be,

1 Gondwana flora. Vol. II, pt. 2, PI. VIII, fig. 1.

5 Jahrb. d. kongl. Ungarischen Geol. Anstalt, V Bd., 1 Ht., 1876, pp. 12-14, Ph. XXII

XXXII.

3 V*rh. der. kk. Geol. Reichsanstalt, 1877, p. 43.

* PI. XXXIII, fig. 6.
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also placed with this genus, it would represent a permian forerunner of the subse

quent mesozoic forms. The table of sequence would be this—

Palissya indwa, Oldham sp. (Fstm.) Upper Gondwana (Jura), India.

Palissya brauni, Endl. Rhiit. and Lias, Europe.

Palissya hungarica, Heer. sp. Permian, Europe.

Our specimen is from Bindrabun, N. W. Rajmahal hills.

Fig. 3u shows enlarged leaflets with the middle vein.

Cheibolepis comp. Munsteui, Schimp. PI. II, fig. 4.

1877. Feistmantel : Golapili flora. Gondwana flora, Vol. I, p. 185, pi. VII, fig. 8.

I have figured this fragment of a coniferous plant, because it is the first of

this kind from the Rajmahal hills. An entirely like form was figured by myself

from the Rajmahal group of Golapili ( I. c, above), and a similar form was men

tioned by me from the sandstones near Jangaon in the Central Provinces, which

I also tried to correlate with the Rajmahal group.

The present specimen is from Bindrabun, N. W. Rajmahal hills.

The list of localities where fossils in tho Rajmahal group were found (Vol. I,

Gondwana flora, preface) is therefore here increased by one locality—

Sikragali, on the Ganges, about 2 miles east of Sahibganj. The fossils identi

fied from here are :

Angiopteridhcm spathulatum, Schimp. (PI. I, fig. 3).

Dictyozamites indicus, Fstm. (PI. II, fig. 1).

Explanation op Plates.

Plate I, figs. 1, 2. Dichsonia lobata, Oldham, sp., formerly described as Pecopteris.

Fig. 1, two pinnae of a specimen in fructification. Fig. 2, a

pinna of a sterile specimen. Figs, la, 15, and 2a, enlarged

portions. From Bindrabun, Rajmahal hills.

Fig. 3. Angiopteridium spathulatum, Schimp, One specimen of the

typical form.

From Sikragali, N. Rajmahal hills.

Plate II, flg. 1- Dictyozamites indicus, Fstm. From Sikragali.

„ la. One leaflet enlarged, showing the netted venation.

Fig. 2. Lycopodites gracilis, Oldham, sp. (Fstm.) The specimen in

natural size, showing the dichotomous branchlels, with apical

cone-like fructification.

Fig. 2a. Is a cone-bearing portion enlarged.

From Bindrabun, N". W. Rajmahal hills.

Fig. 3. Palissya indica, Oldham, sp. (Fstm.), somewhat differing

in appearance from the type-specimen, but no doubt the samo

species. Fig. 2, leaflets enlarged.

From Bindrabun.

Fig. 4. Cheirolepis comp. Miinsteri, Schimp. The same form as from

Golapili, Lower Godavari, and Jangaon, Central Provinces.

From Bindrabun.
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Travelled blocks of the Punjab.—By A. B. Wynne, F. G. S., Geological Survey

of India.

In his recent paper on the pleistocene deposits of the Punjab, Records, Geo

logical Survey, India, Vol. XIII, Part 4, Mr. Theobald makes several allusions to

my remarks concerning the Punjab erratics : the manner in which he does so

calls for some slight notice and correction on my part.

My colleague is not warranted in regarding me as an antiglacialist, merely

because I reserved my opinions for satisfactory evidence completely connecting

the presence of the transported masses with its cause.

At page 222 his interpretation of my account of the Indus-borne detritus, on

the crests of hills in the Chica range, leads to the supposition that I represented

the Indus as having left its present rocky channel through the Nilab Gash gorge

since this gorge was formed. A moment's intelligent consideration of the prob

lem will show that when the river may have left its gravel or boulders at the

elevations named above its banks, the present cbannel could have had no exist

ence. While here advocating the persistence of the river in occupation of its

present course, elsewhere in the paper he urges its having wandered, and points

out the likelihood of a lake basin having extended from Attock to Rawalpindi

through which the Indus flowed. As at least one depression in the range lying

between these places is occupied near Jani-ke-sang with supposed lacustrine

deposits, and as parts of the Potwar plateau are higher than parts of the Chita

range, it is very possible an ancient lake may have occupied the whole country,

in which case the Indus might have traversed many portions of its area.

The occurrence of coarse detrital deposits of Indus and local drift on the

summits of the hills over Kalabagh, supports my suggestion that the river once

occupied a higher general gradient (Memoirs, Geological Survey, India, Vol.

XVII, pt. 2, p. 25).

Before the imaginative and superficial idea that the Indus boulders on the

Chita range were carried there by human agency, for building houses or adorning

the graves of patriarchs, can be accepted, the ruins of the villages and graves

should have been pointed out amongst the lofty crags and jungles of these

mountains. The natural piety called into court should prevent the desecration of

the graves which ought to be found wherever the boulders occur, but are not. This

idea is quite too simple to have escaped any one familiar with the habits of the

people, when on the ground, and having suggested itself was abandoned for lack

of support, while that any mountaineers who ever permanently inhabited these

heights carried heavy stones up the mountain to build with when stones abound

ed on the spot, is an argument almost as valuable as any other I find in the

paper before me. Carts do not exist in that part of the country, and camels are

only driven there to feed on the dense jungles. Arguing from analogy, if these

mountains were formerly inhabited, it would be more likely the nomads, who

invade them still to some extent, would employ their camels to carry tents

rather than stones.

At page 224 my colleague errs in saying these hills are composed of vertically

u
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bedded limestone. There is scarcely a conceivable curve or angle of bedding

which their rocks do not present, and it seems silly to be obliged to point out that

if changes in surface configuration such as are spoken of in the paper have taken

place, no atom of the hill surface on which Indus deposits may have originally rest

ed could now be preserved, particularly in the lower parts of the hills. Hence the

discovery of transported matter in the mountain fissures could have no more

importance or the reverse than their occurrence where I found them far above

the road on which my friend seems to have made his observations.

As stated in my writings and repeated in the paper referred to, I have always,

like most others, been compelled to associate the presence of the Punjab trans

ported masses with ice agency, and I find myself no further convinced of the fact

after perusal of my friend's elaborate paper.

Mr. Theobald's effort is to connect this association of the blocks with one

particular kind of ice agency, namely, glacier transport versus any other variety.

Readers of his papbrs must decide for themselves how far he has succeeded in

doing so, or how far his assertion that he has found the key to the whole mystery

goes to prove his point. The question is complex, tempting to imaginative specu

lation, and involving large assumptions as to former conditions. As yet it seems

to me nothing has been advanced to show where the glaciers made over the

blocks to water carriage, or why one ice-agency should be preferred to the other

where the blocks have reached the lower levels. Neither glaciers nor icebergs

wander over the Indus plains at present, and the blocks certainly prove that con

ditions have changed since their wanderings ended, but this any person could

have seen before Mr. Theobald advocated the former extension of Himalayan

glaciers into India ; and Mr. Campbell went there, saw his ground, and contested

his conclusions. The controversy seems unfortunately to have left the question

exactly where it was at first, so far as conclusive evidence is concerned.

A. B. WYNNE.
Kingstown, December 3rd, 1880. rJ_

Appendix to " Palceonfological notes on the Lower Trias of the Himalayas."—

By C. L. Griesbach, F. G. S., Geological Survey of India.

A passage in my " Palceontological notes on the Lower Trias of the Himalayas'

in Records, Vol. XIII, pages 103 and 104, has been pointed out to me as misleading,

and I now freely admit that the sentence, as framed by me, may be construed into

a quite opposite meaning from what I intended. Unfortunately I was away in

Kandahar when the paper was printed, or else I should probably myself have

noticed the sentence when looking over the proof-sheets, and would have supple

mented it. To prevent further misunderstandings, I hasten to explain its

meaning.

Last year when working out the fossils of the lowest trias (Werfen beds)

of the Niti and Milam sections of the Himalayas, I searched the literature for

any evidence of a former identification of this lowest of the Alpine trias in

Asia, and the only reference which seemed to me to indicate the existence of

these beds in other parts of our Himalayas I found in Stoliczka's " Geological sec-
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Hons across the Himalaya mountains," Memoirs, Vol. V. pt. I, p. 24, under the

heading " Carboniferous—Ruling series," where he says : " The white quartzite

of the Muth series is, to the south of the village, overlaid in one place by a small

thickness of a carbonaceous, concretionary shale, and a little further to north

east by undoubted triassic limestone. I regret not to have observed any fossils

in the concretionary shale, which is followed a little higher up by triassic

limestone also. In so far I am not certain whether the true carboniferous rocks

rise here higher up and overlie the white quartzite."

These dark shales only, still included by Stoliczka under the Kuling series,

I referred to in my paper above quoted. The true carboniferous (Kuling series)

group I found developed just in as great force in the Niti section as they are in

the North-West Himalayas, and I describe them briefly in my paper " Geological

notes," Records, Vol. XIII, p. 85.

Of course I should not have thought to include those shales amongst the

trias, if I had not found amongst Stoliczka's collections in our museum, still

partly undescribed, specimens also marked " Kuling," which bear a close resem

blance to my triassic forms. The rock, a dark soft micaceous shale, is identical

with my Werfen beds ; it contains in considerable numbers a Productus, not iden

tical with the P. semireticulatus, Mart., from Kashmir, but rather resembling the

Productus latirostratus, Howse, var., which I found associated with true lower

triassic forms in the Hundes Himalayas, Besides that fossil I found in Stoliczka's

collection one specimen of the Posidonomya angusta, Hau., which is found in

great numbers in the upper Werfen horizon of my own section. I therefore

concluded that some of the shales of the Kuling series, as described by Stoliczka,

may probably belong to the triassic group, but certainly not the whole Kuling

series, which contains also at Niti and other points of my ground true carboni

ferous fossils.

Note on some Mammalian Fossils from Perim Island, in the collection of the

Bombay Branch of the Royal Asiatic Society.—By R. Lydekker, b.A., f.z.s.,

Geological Survey of India.

I have just had an opportunity of examining a collection of vertebrate fossils

from the Siwaliks of Perim Island, in the collection of the Bombay Branch

of the Royal Asiatic Society, and as some of these specimens are of high in

terest, I think it may be not out of place to record the following notes con

cerning them. I may add that I hope we may bo able to obtain these

fossils either permanently or temporarily in the Indian .Museum for full descrip

tion and proper exhibition in our fine classified collection of Indian tertiary

vertebrata.

Perhaps the most important fossils in the collection are an upper and a lower

jaw of Dinotherium indicum (Falc.), each containing the last two molars.

These specimens are unique ; the two last lower molars have been hitherto

nnknown, and the upper molars are only known by a half of a tooth figured

and described in a late number of the ' Palfeontologia Tndica ' (" Siwalik and

llll I . III I I II
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Narbada Proboscidia"). These specimens are of gigantic size, and in hs respect

quite different from D. pentapotamia< (Falc.).

The next specimen is the entire palate of Acerotherium perimense (Falc. and

Caut.), showing the whole of the molar dentition : the molars are but little

worn, and quite perfect. This splendid specimen exhibits the dentition of this

species in a more complete form than any of the still undescribed specimens in

the Indian Museum. No complete specimen of the dentition of A. perimense

was known to Falconer. There is also a very fine specimen of the lower jaw of

the same species.

The last specimen I have to notice is the ramus of a mandible of a trilopho-

dont mastodon, containing the penultimate and last two molars. The teeth seem

to agree in form with those of A. pandionis (Falc), but are smaller than any of

the Siwalik specimens. I cannot, however, be sure of the specific identification

without comparison.

Bombay, January 14<A.

DONATIONS TO THE MUSEUM.

Donori.

A goblet of green serpentine from Shiggar, Baltistan.

Richard Lydekkeb, Esq.

Twelve specimens of minerals: calcite (2); cryolite; diaspore; gtithite (2); olivenite;

persbergite ; pucherite ; pyrargyrite ; vivianite (2).

The Bbitish Museum.

Thirteen specimens of American minerals : allanite ; barcenite ; cerargerite ; cerussite (argen

tiferous) ; galena (argentiferous and auriferous) ; guadalcaz arite ; itacolumite ; living-

stonite ; pyrargyrite (with stromeyerite, fahlerz, etc.) ; samarskite ; sipylite ; tellurium ;

zircon.

J. W. Mallet, Esq., M.D., University of Virginia.

Graphite, fireclay and crucibles.

The Patent Plumbago Ceucible Company, Battersea, London.

Asbestos, crude and manufactured (16 specimens).

John Bell, Esq., Souihtoark Street, London.

Twenty-one samples of hones, grindstones, etc.

ME8sb8. Thos. Hazeon & Co., 150, Leadenhall Strett, London.

Twenty-five specimens of east and rolled iron, and of the raw materials.

The Low Moor Iron Works, Bradford, Yorkshire.

A series of 94 specimens illustrating the manufacture of China-ware.

Messrs. Minton & Co., Stoke-upon- Trent.

A series of volcanic specimens collected in the neighbourhood of the Puy de Dome,

Auvergne.

P. R. Mallet, Esq.

Samples of fire-clay, fire-bricks, and two large vases.

The Garnkibk Fire clay Co., Glasgow.

Gaunister (crude and ground), gannister bricks, tuyeres, etc.

Messrs. J. Grayson, Lowood & Co., Attercliffe Road, Sheffield.
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Donors.

Natural phosphates, and artificial manures ; raw and burnt pyrites.

MEssRs. W. & H. M. Goulding & Co., Dublin.

Eight samples of carbolic acid, picric acid, and aurine.

Messes. Chas. Lowe & Co., Manchester.

Nineteen samples f coal-tar and its products.

P. C. Calveet & Co., Manchester.

Seventeen specimens : ores, fuel, flux, slag and pig-irons.

Messes. W. Baibd & Co., Glasgow.

Raw and ground fire clay and fire-bricks.

Glenboig Fire-clay Company, Glasgow.

Thirty specimens illustrating the raw materials and the manufacture of crown and sheet glass.

Messes. Chawcb Brothers & Co,, Birmingham.

Sicili n asphalte, raw, compressed, and manufactured.

The Lihhbb Asphalte Paving Company, 85, Gracechurch Street, London.

Forty samples of mineral pigments, and specimens illustrating the manufacture of white lead.

Messrs. W. W. and R. Johnson and Sons, 737, Commercial Road, London.

Forty specimens of aniline dyes and other products.

Actien-Gbsellschaft fub Anilin-Fabbikation, Berlin.

Specimens of petroleum from Jaha and Fatehganj, Punjab.

J. Blackburn, Esq., Oriental Gas Company, Calcutta.

Crinoidal limestone (P triassic) from south of Kulail, Chamba.

J. Bridgbs Lee, Esq.

Lava from Vesuvius.

Db. J. Andebson, F.R.S.

Asbestos, salt, magnetic iron-ore, pyrites & galena, from the Kurram valley, Afghanistan.

H. A. Andebson, Esq., C.S., Assistant Political Officer.

Fire-clay from Dowlaishwaram, GodAvari District.

T. Vanstavbbn, Esq., Dumagudiem.

Oriental topaz (yellow sapphire) and true topaz from Ceylon.

W. Kino, Esq.

Carapace of Trionyx (from a Siwalik collection purchased in London).

\By exchange, Anatomical Museum, Cambridge.

ADDITIONS TO THE LIBRARY.

From 1st Octobbb to 31st Decembeb 1880.

Titles of Books. Donors.

Ball, V.— On the Coal-fields and Coal Production of India (1880), 8vo, pht., Dublin.

The Authob.

„ V.—On the mode of occurrence and distribution of Diamonds in India (1880), 8vo,

Dublin.

The Author.

Boubgt/ignat, J. B.—Recherches sur les ossements de Canidse constates en France a l'e'tat

fossile pendant la p^riode quaternaire, 8vo, pht., Paris.

R. Lydekkbb, Esq.
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Titles of Books. Donors.

ChaNTRb, E.—Del'origine orientale de la Me'tallurgie (1879), 8vo, Lyon.

P. N. Boss, Esq.

„ E.—Relations entre les Sistres Bouddhiques et certains objets de l'age da Bronze

Europeen (1880), 8vo, Lyon.

P. N. Bosb, Esq.

Dawkins, W. Boyd.—Early man in Britain and his place in the Tertiary Period (1880),

8vo, London.

Engineer's Journal, Vols. VII to IX (1864-66), 4to, Calcutta.

Hknby, James.—Aeneidea, or Critical, Exegetical and Aesthetical Remarks on the Aeneis,

Vol. II (continued) (1879), 8vo, Dublin.

The Author.

Hookeb, J. D., and Bentham, G.—Genera Plantarnm, Vol. I, pts. 1 and 2, Vol. II, and

Vol. IlI, pt. 1 (1862-1880), 8vo, London.

Hookeb, Sib Wm. Jackson.—Species Filicum, Vols. IV—V (1862-64), 8vo, London.

In Memoriam. Joseph Octave Delepierre, born 12th March 1802, died 18th August 1879

(1880), 4to, London.

N. Tkubneb, Esq.

Jeffreys, J. G.—British Conchology, Vols. IV—V (1867 and 1869), 8vo, London.

List rf Articles sent by the Sub-Committee for Bengal to the Melbourne International Exhi

bition of 1880 (1880), flsc, Calcutta.

The Committee.

Lomas, John.—Manual of the Alkali Trade (1880), 8vo, London.

Lydekkeb, R.—Elementary Sketch of the Osteology of Birds (1880), 8vo, pht.

The Author.

„ R—Sketch of the history of the Fossil Vertebrata of India (1880), 8vo, pht.

The Author.

Miller, S. A.—North American Mesozoic and Csenozoic Geology and Palaeontologie (1880),

8vo, Cincinnati.

Schimpeb, W. Ph., and Zittel Karl, A.—Handbuch der Palaeontology, Band I, lief. 4,

and II, lief 2 (1880), 8vo, Munchen.

Spon's Encyclopaedia of the Industrial Arts, Manufactures and Commercial Products, Divi

sion II (1880), 8vo, London.

Voekov, A.—On cotton soil in India (Czernozom v. Indie) (1880), Roy. 8vo, St. Petersburg.

PERIODICALS, SERIALS, &c.

American Journal of Science and Arts, 3rd Series, Vol. XX, Nos. 117—119 (1880), 8vo,

New Haven.

The Editors.

Annalen der Physik und Chemie, New Series, Band XI, Nos. 9—10 (1880), 8vo, Leipzig.

Annales des Mines, 7th Series, Vol. XVII, livr. 2 and 3 (1880), 8vo, Paris.

L'Adhins. des Mines.

Annales des Sciences Ge'ologiques, Vol. XI, No. 2 (1880), 8vo, Paris.

Annales des Sciences Naturelles, 6th Series, Zoologie et Paleontologie, Vols. IX, Nos. 5—6,

and X, Nos. 1-3 (1880), 8vo, Paris.

Annals and Magazine of Natural History, 5th Series, Vol. VI, Nos. 34—36 (1880), 8vo,

London.

Archiv fur Naturgeschichte, Jahrg. XLVII, heft 1 (1880), 8vo, Berlin.

Athenasum, Nos. 2758—2772 (1880), 4to, London.
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Titles of Books. Donors.

Beiblatter zu den Annalen der Physik und Chemie, Band IV, Nos. 8—11 (1880), 8vo,

Leipzig,

Bibliotheque Universelle. Archives des Sciences Physiques et Naturelles, 3me Pe'riode,

Vols. III, Nos. 6 and 7, and IV, Nos. 8 and 9 (1880), 8vo, Geneva.

Bibliotheque Universelle et Revue Suisse, 3me Pe'riode, Vol. VII, Nos. 7—9, and VIII,

No. 10 (1880), 8vo, Lausanne.

Botanisches Centralblatt, Nos. 29—46 (1880), 8vo, Leipzig.

Cambridge University Reporter, No. 298 (1879), 4to, Cambridge.

Chemical News, Vol. XLII, Nos. 1084—1098 (1880), 4to, London.

Colliery Guardian, Vol. XL, Nos. 1026—1040 (1880), fol, London.

Das Ausland, Nos. 36—49 (1880), Roy. 8vo, Stuttgart.

Geological Magazine, New Series, Decade II, Vol. VII, Nos. 10—12 (1880), 8vo, London.

Iron, Vol. XVI, Nos. 399—413 (1880), fol., London.

Journal de Conchyliologie, 3rd Series, Vol. XX, No. 3 (1880), 8vo, Paris.

Journal of Science, 3rd Series, Vol. II, Nos. 82—84 (1880), 8vo, London.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series,

Vol. X, Nos. 62—64 (1880), 8vo, London.

Mining Journal, with Supplement, Vol. L, Nos. 2349 to 2363 (1880), fol., London.

Nature, Vol. XXII, Nos. 566—576, and XXIII, Nos. 577—580 (1880), 4to, London.

Naturae Novitates, Nos. 16—23 (1880), 8vo, Berlin.

Neues Jahrbuch fiir Mineralogie, Geologic und Palieontologie. Band II, heft 3 (1880), 8vo,

Stuttgart.

Ditto ditto ditto, I. Beilage-Band, heft

1 (1880), 8vo, Stuttgart.

Palasontographica, Band XXVII, Lief. 1, and Supplement III, Lief. 8 and 9 (1880), 4to,

Cassel.

Petermann's Geographische Mittheilungen, Band XXVI, Nos. 9—11 (1880), 4to, Gotha.

Petermann's Geographische Mittheilungen, Supplement, Nos. 62 and 63 (1880), 4to, Gotha.

Professional Papers on Indian Engineering, 2nd Series, Vol. IX, No. 38 (1880), 8vo,

Roorkee.

Thomason Collegb of Civil Engineering.

Quarterly Journal of Microscopical Science, New Series, Vol. XX, No. 80 (1880), 8vo,

London.

The Zoological Record for 1878, Vol. XV (1880), 8vo, London.

GOVERNMENT SELECTIONS, &c.

Bangalore.—Annual Report on the Administration of Mysore aud Coorg for 1864-65

(1866), 8 yo, Bangalore.

Home, Rev., & Agbi. Department.

Bombay.—Chambers, F.—Brief sketch of the Meteorology of the Bombay Presidene}- in

1878 and 1879 (1879-80), 8vo, Bombay.

Meteorological Reporter, Bombay.

„ Chambers, F.—Abnormal variations of Barometric Pressure in the Tropics and

their relation to Sun-spots, Rainfall, and Famines (1880), flsc, Bombay.

Meteobological Repoeter, Bombay.

„ Report on the Administration of the Meteorological Department in Western

India for 1878-79, and 1879-80 (1879-80), flsc, Bombay.

Meteorological Repoeter, Bombay.
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Bombay.— Report on the Administration of the Bombay Presidency for 1870-71, 1875-76,

1877-78, and 1878-79 (1871, 1876, 1878, and 1879), 8vo, Bombay.

Home, Rev., & Agbi. Department.

„ Selections from the Records of the Bombay Government, New Series, No. 50.

Correspondence relating to canal clearances in the Hyderabad Collectorate

in 1857-58 (1859), 8vo, Bombay.

Home, Rev., & Agbi. Depaetment.

Ditto ditto, New Series, No. 82.

Report on the Question of Irrigation in the Yerla Valley, with a Map and

ten Plans, &c. (1864), 8vo, Bombay.

Home, Rev., & Agbi. Depabtment.

„ Ditto ditto, New Series, No. 100.

Papers ralnting to the Pilotage System of Bombay (1866). 8vo., Bombay.

Home, Ret., & Agbi. Dbpabtment-

„ Ditto ditto, New Series, No. 55.

Correspondence showing the measures taken by Syuds of Tatta in Scind

to reduce the expenses on their birth, marriage, and funeral ceremonies

(186P), 8vo, Calcutta.

Home, Rev., & Agbi. Depahtment.

Ditto ditto, New Series, Nos. 120,

121, and 128. Police Reports of the Northern and Southern Divisions of

the Bombay Presidency for 1868 to 1870 (1871-72), 8vo, Bombay.

Home. Rev., & Agbi. Depaetment.

Ditto ditto. New Series, Nos. 116,

122, 131, 13', and 142. Annual Police Reports for 1868, 1869, and

1871 to 1873, Province of Sind, (1871, 1873, and 1874), 8vo, Bombiy.

Home, Rev., & Agbi. Department.

Ditto ditto, New Series, Nos. 127,

136, and 141. Annual Reports of the Bombay Jails for 1870, 1872, and

1873 (1872-74), 8vo, Bombay.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, New Series, No. 149-

Descriptive and historical account of the British out-post of Penui.

Straits of Bab-El-Mandeb (1877), 8vo, Bombay.

Home, Rev., & Agbi. Depabtment.

n Ditto ditto, New Series, No. 152-

Arcbaeological Survey of Western India. Report on the Architectural

and Archseological Remains in the Province of Kachh ((1879), 8vo,

Bombay.

Home, Rev., & Agbi. Depaetment.

British Burma.—Report on the Administration of British Burma during 1876-77 (1877),

8vo, Rangoon.

Home, Rev., & Agbi. Depaetment.

The British Burma Gazetteer, Vol. I (1880), 8vo, Rangoon.

Chibf Commissioner of British Burma,

Central Provinces. Morris, J. H.—Reports on the Administration of the Central Pro

vinces for 1871-72 and 1879-80 (1872 and 1880), 8vo, Nagpnr.

Chief Commissioner, Central Provinces.
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Hyderabad. Saondebs, Charles B.—Report on the Administration of the Hyderabad

Assigned Districts for 1870-71 (1871), 8vo, Hyderabad.

Home, Rev., & Agbi. Depaetment.

India.—Annual Report of the Administration of the Province of Oudh for 1870-71, 1871-

72, and 1873-74 (1871, 1872, and 1874), 8vo, Lucknow.

Home, Rev., & Agbi. Depaetment.

„ List of Civil Officers holding gazetted appointments under the Government of India

in the Home, Revenue, and Agricultural Department, the Legislative and

Foreign Departments, on 1st July 1880, 8vo, Calcutta.

Home, Rev., & Aqei. Department.

„ Rajputana Gazetteer, Vol. III (1880), 8vo, Simla.

Foreign Depaetment.

„ Registers of original observations in 1879, reduced aud corrected, July to October

1879 (1880), 4to, Calcutta.

Meteor. Repoeter to Govt, of India.

„ Selections from the Records of the Government of India, Foreign Department,

No. 171. Report on tho Administration of the Persian Gulf Political

Residency and Muskat Political Agency for 1879-80 (1880), 8vo, Calcutta.

Foreign Department.

„ Ditto ditto, Foreign Department,

No. 48. Journal of tho Salween Surveying Expedition, with map, aud

Report of the Karenuee Mission (1805), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, Foreign Department,

No. 49. Journal of the Salween Surveying Expedition during 1864-65,

with route map (1865), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, Home Deportment, No. 70.

Papers relating to the question of forming a separate Judicial Branch of the

Civil Service in India, and the Legal Training of Civil Servants (1868),

8vo, Calcutta.

Home, Rev., & Agri. Depaetment.

„ Ditto ditto, Foreign Department,

Nos. 59 and 81. Reports on the Polit'.cal Administration of Rajputana

for 1865-66 and 1866-67, Part II, and 1869-70 (1867 and 1870), 8vo.

Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, Home Department, No. 76.

A collection of Despatches from the Home Government on the subject of

Education in India, 1854-1868 (1870), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, Home Department, No. 89.

Minute by the Honble J. FitzJames Stephen on the Administration of

Justice in British India (1872), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

n Ditto ditto, Department of Agricul-

ture, Revenue, and Commerce, No. 106. Extracts from the Reports of the

Trigonometrical, Topographical, and Revenue Surveys of India for 1871-72

(1873), 8vo, Calcutta.

Home, Rev., & Agei. Depaetment.

w



162 Becords of tlic Geological Survey of India. [vol. xiv.

Titles of Books. Donors.

India —Selections from the Records of tbe Government of India, Foreign Department,

Nos. 124, 131, 142, and 150. Repoi ts on the working of ; the Thuggi

and Dacoity Department for 1874 to 1877, with returns (1876 and 1878),

8vo, Calcutta.

Home, Rev., & Agsi. Depabtment.

„ Ditto ditto, Home ^Department,

Nos. 133, 137, 143, and 147. Reports on publications issued and regis

tered in the several Provinces of British India during 1874 to 1877

(1877-78), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, Home Department,

No. 136. Papers relating to the expediency of having a distinct Judicial

Branch of the Indian Civil Service (1877), 8vo, Calcutta.

Home, Rev., & Aobi. Depabtment.

„ Ditto ditto, Home Department,

No. 157, Vagrant Bands of Foreigners (1879), 8to, Calcutta.

Home, Rev., & agbi. Dkpabtment.

„ Ditto ditto, Home Department,

No. 155. Correspondence regarding the Law of La-.d Sale (1879), 8vo,

Calcutta.

Home, Rev., & Aobr. Dkpabtment.

„ Ditto ditto, Home, Revenue, and

Agriculture Department, No. 167. Papers relating to the crime of

robbery by poisoning (1880), 8vo, Calcutta.

Home, Rev., & Agbi. Depabtment.

„ Synoptical "Volumes VIII and IX, Great Trigonometrical Survey of India (1878),

4to, Dehra Dun.

GbEAT TbIGONOMETKICAL SrjBVET.

Madbas.—Annual Report on the Administration of the Madras Presidency during 1869-70

(1870), 8vo, Madras,

Home, Rev., & Agbi. Depabtment.

„ Selections from the Records of the Madras Government, No. 25. Papers relating

to the Uncovenanted Civil Service Examinations held in 1869-70 and

1870-71 in the Madras Presidency (1872), 8vo, Madras.

Home, Rev., & Agbi. Depabtment.

„ Ditto ditto, No. 50. Papers relating

to the Survey and Settlement of the Tricbinopoly District (1876), 8vo,

Madras.

Home, Rev., & Agbi. Depabtment.

Ditto ditto, No. 52. Report on the

treatment of Leprosy with Gurjun oil and other remedies in hospitals

of the Madras Presidency (1876), 8vo, Madras.

Home, Rev., & Aobi. Depabtment.
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Made is.—Selections from the Records of the Madras Government, No. 15. Reports on im

portant Public Works for 1853 (1855), 8vo, Madias.

Home, Rev., & Aort. Depaetment.

„ Ditto ditto, No. 19. Report on Vac

cination for 1868 (1869), 8vo, Madras.

Home, Rev., & Agki. Depaetment.

„ Ditto ditto, Nos. 2-1 and 29. Annual

Reports of the Civil Dispensaries for Session 1869-70, and for calendar

year 1870 (1871-72), 8vo, Madras.

Home, Rev., & Agri. Depaetment.

„ Ditto ditto, Nos. 28 and 35. Reports

on Public Instruction in the Madras Presidency for 1870-71 and 1871-72

(1871-72), 8vo, Madras.

Home, Rev., & Agbi. Depaetment.

„ Ditto ditto, No. 30. Annual Report

on the Madras Medical College for 1871-72 (1872), 8vo, Madras.

Home, Rev., & Agbi. Dkfahtment.

„ Sewbli,, Robeet.—Report on the Amravati Tope and Excavations on its site in

1877 (1880), 4to, London.

Madras Government.

Punjab.—Selections from the Records of the Government of the Punjab and its Dependen

cies, New Series, Nos. XVI and XVII (1880), 8vo, Lahore.

Punjab Government.

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c.

Berlin.—Monatsbericht der Koni^. Preussischen Akademicder Wissenschaften zu Berlin,

June to August (1880), 8vo, Berlin.

The Academy.

Zeitschrift d<;r Deutschen Geologischeu Gesellschaft, Band XXX11, heft 2 (1880),

8vo, Berlin.

The Society.

Boston.—Memoirs of the Iloston Society of Natural History, Vol. IlI, Part I, No. 3

(1879), 4to, Boston.

The Society.

„ Occasional papers of the Boston Society of Natural Histoiy, No. III (1880),

8vo, Boston.

The Society.

„ Proceedings of the Boston Society of Natural History, Vol. XX, Parts 2 and 3

(1879-50), 8vo, Boston.

The Society.

,, Proceedings of the American Academy of Arts and Sciences, New Series,

Vol. VII (1880), 8vo, Boston.

The Academy.

Brussels.—Bulletin de la Societe' Beige de Geographic, No. 4 (1880), 8vo, Bruiclles.

The Society
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Bbussels.—Commission de la Carte Geologiqne de la Belgique. Texte Explicntif da Leve

Geologiquc do la Planchettes do Boissehot et d'Aerschot, with 2 Maps

(1880), 8vo, Bruxelles.

Gkol. Suevey, Belgium.

„ Eetbobn, 0. Van.—Texte Explicatif du Leve' Geologique des Planchettes de

Heyst-op-dcn-berg, de Putte, et de Lierre (1880), 8vo, Bruxelles.

Gkol. Suevey, Belgium.

„ Texte Explicatif du Leve' Ge'ologique des Planchettes de Malines et de Beveren

(1880), 8vo, Bruxelles.

Geol. Suevey, Belgium:.

Calcutta.—Indian Museum.—Annual Report. List of Accessions, and Selected Extracts of

Minutes, April 1879 to March 1880 (1880), 8vo, Calcutta.

H. B. Medlicott, Esq.

„ Journal of the Asiatic Society of Bengal, New Series, Vol. XLIX, Part I,

No. 3, aud Part II, No. 3 (1880), 8vo, Calcutta.

The Society.

„ Proceedings of the Asiatic Society of Bengal, Nos. VII and VIII (1880), 8vo,

Calcutta.

The Socibty.

Memoirs of the Geological Survey of India, Vol. XVI, Part 3 (1880), 8vo,

Calcutta.

The Survey.

„ Palaeontologia Indica.—Fossil Flora of the Gondwana System by Dr. 0.

Feistroantel, Vol. IlI, Part 2, and Indices to Vols. I and II (1880), 4to,

Calcutta.

The Suevey.

„ Records of the Geological Survey of India, Vol. XIII, Part 4 (1880), 8vo,

Calcutta.

Geol. Suevey of India.

Cambbidqe.—Bulletin of the Museum of Comparative Zoology, Vol. VII (1880), 8vo,

Cambridge, Mass.

Museum of Comparative Zoology.

„ Memoirs of ;the Museum of Comparative Zoology, Vol. VII (1880), 4to,

Combridge, Mass.

Museum of Comparative Zoology.

Dublin.— Journal of the Royal Dublin Society, No. XXX (1863), and No. XLV, Vol. VII

(1878), 8vo, Dublin.

The Society.

„ Scientific Proceedings of the Royal Dublin Society, New Series, Vol. I, Parts

1-3, and Vol. II, Nos. 1-6 (1877-1880), 8vo, Dublin.

The Society.

„ Scientific Transactions of the Royal Dublin Society, New Series, Vols. I, Nos. 1-12,

and II, Series 1 and 2 (1877-80), 4to, Dublin.

The Society.

„ Proceedings of the Royal Irish Academy, Series II, Vol. II, No, 1, & III, No. 4

(1879-80), 8vo,* Dublin.

The Academy.
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Dublin.—Royal Irish Academy.—Canningham Memoirs, No. 1 (1880), 4to, Dublin.

The Academy.

Transactions of the Royal Irish Academy, Yol. XXVI, No. 22 (1879), 4to, Dublin.

The Academy.

„ Transactions of the Royal Irish Academy, Irish Manuscript Series, Vol. I, Part 1

(1880), 4to, Dublin.

The Academy.

Edinbubgh.—Transactions of the Edinburgh Geological Society, Vol. IlI, Part 3 (1880),

8vo, Edinburgh.

The Society.

GLa880W.—Glasgow University Calendar for 1880-81 (1880), 8vo, Glasgow.

The Univeesity.

K0NIG8bbBG.—Scbriften der Physikalisch— Ohonomischen Gesellschaft zu Konigsberg,

Jahrg.XVI to XX, Abth. 1 and 2 each, and XXI, Abth. 1 (1875-80), 4to,

Konigsberg.

Ihe Society.

London.—Journal of the Society of Arts, Vol. XXVIII, Nos. 1451-1460, and XXIX,

Nos. 1461-1464 (1880), 8vo, London.

The Society.

Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series,

Vol. XII, part 3 (1880), 8vo, London.

The Society.

Journal of the Iron and Steel Institute, No. I, 1880, 8vo, London.

The Society.

Journal of the Linnean Society of London, Zoology, Vol. XIV, No. 80, XV,

Nos. 81-83, and Botany, Vol. XVII, Nos. 103-107, with List of Fellows

for 1879 (1879-80), 8vo, London.

The Society.

„ Transactions of the Linnean Society of London, 2nd Series, Zoology, Vol. II,

Part 1, and Botany, Vol. I, Parts 7 to 9 (1879-80), 4to, London.

The Society.

„ Journal of the Anthropological Institute of Great Britain and Ireland, Vol. X,

No. 1 (1880), 8vo, London.

Proceedings of the Zoological Society of London, Parts II and III (1880), 8vo.

London.

The Society.

„ Transactions of the Zoological Society of London, Vol. XI, Part 2 (1880), 4to,

London.

The Society.

„ Proceedings of the Royal Society of London, Vols. XXX, Nos. 203-205, and XXXI,

No. 206 (1880), 8vo, London.

The Society.

„ Transactions of the Royal Society of London, Vols. 170, Parts 1 and 2, and 171,

Part 1, with List of Fellows for 1879 (1879-80), London.

The Society.

„ Proceedings of the Royal Geographical Society, New Series, Vol. II, Nos. 8-11

(1880), 8vo, London.

The Society.
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London—Quarterly Journal of the Geological Society, Vol. XXXVI, No. 143 (1880), 8vo,

London.

The Society.

Lton.—Association Lyonnaise des Amis des Sciences Naturclles, Compte Rendu, 1871 and

1878-79, 8vo, Lyon.

P. N. Bose, Esq.

„ Museum D'Histoire Naturelle de Lyon. Rapport sur les Travaux executes pendan.

1' annde 1874 (1875), 8vo, Lyon.

P. N. Bose, Esq.

Madrid.—Bolctin de la Sociedad Geografica de Madrid, Vol. IX, Nos. 1—3 (1880), 8vo,

Madrid.

The Society.

Manchester.—Transactions of the Manchester Geological Society, Vol. XV, No. 18, and

XVI, No. 1 (1880), 8vo, Manchester.

The Society.

Melbourne.—Report of the Mining Surveyors and Registrars for quarter ending 30th June

1880, flsc, Melbourne.

Mining Department, Victoria.

Minneapolis.—Bulletin of the Minnesota Academy of Natural Sciences for 1877 (1878),

8vo, Minneapolis.

The Academy.

Moscow.—Bulletin de la Socie'te' Tmperiale des Naturalistes de Moscow, Vol. LV, No. 1

(1880), 8vo, Moscow.

The Society.

Munich.—Meteorologische und Magnetische Beobachtungen der k. Sternwarte bei, Miinchen,

Jahrg. 1879 (1880), 8vo, Miinchen.

The Academy.

„ Sitzungsberichte der Mathematisch-physikalischcn Classe der k. b. Akadeuiie

der Wissenscbaften zu Miinchen, 1879, heft. 2-4, and 188U, heft. 1

(1879-80), 8vo, Miinchen.

The Academy.

Paris.—Bulletin de la Societe Geologique de France, 3rd Series, Vol. VI, No. 9, and VII,

No. 5 (1880), 8vo, Paris.

The Society.

„ Comptes Rendus du Congres International de Gemlogie, No. 21 (1878), 8vo, Paris.

Philadelphia.—Journal of the Franklin Institute, 3rd Series, Vol. LXXX, Nos. 3—5

(1880), 8vo, Philadelphia.

The Institute.

„ Proceedings of the American Philosophical Society, Vol. XVIII, No. 105

(1880), 8vo, Philadelphia.

The Society.

Pisa.—Atti della Societa Toscana di Scienze Naturali : Processi Verbali, Vol. IV, fasc. 2

(1880), 8vo, Pisa.
The Society.

Salem.—Bulletin of the Essex Institute, Vol. XII, Nos. 1—6 (1880), 8vo, Salem.

The Institute.

St. Petersburg.—Beitriige zur keuntniss des Russischcn Eeiches, 2nd Series, Band II—III

(1879-80), 8vo, St. Petersburg.

The Academy.
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St. Petbbsbubo.—Bulletin de 1' Academie Imperiale des Sciences de St. Petersbourg, Vols.

XXV, No. 5, and XXVI, No. 1 (1879-80), 4to, St. Petersbourg.

The Academy.

„ Memoires de 1' Academie Imperiale des Sciences de St. Petersbourg,

Vol. XXVII, Nos. 2—4 (1879), 4to, St. Petersbourg.

The Academy.

Vibnna.—Jahrbuch der kais. konig. Geologi»cben Reichsanstalt, Band XXX, Nos. 2 and 3

(1880), 8vo, Wien.

The Institutb.

„ Verhandlungen der k. k. Geologischen Reichsanstalt, Nos. 13 and 14 (1880), 8vo,

Wien.

The Institute.

Washington.—Annual Report of tbe Board of Regents of the Smithsonian Institute for

I860 and 1878 (1861 and 1879), 8vo, Washington.

The Institute.

„ Smithsonian Contributions to Knowledge, Vols. XIX—XXI (1874-76), 4to,

Washington.

The Institute.

Smithsonian Miscellaneous Collections, Vols. XI (1874) to XV (1878), 8vo,

Washington.

The Institute.

Report of the U. S. Geological Survey of the Territories, Vol. XII (1879),

4to, Washington.

The Suevey.

„ U. S. Geological and Geographical Survey Miscellaneous Publications,

No. 12. Allen, J. A.—History of North American Pinnipeds (1880),

8vo, Washington.

The Suevey.

Yokohama.—Mittheilungen der Deutschen Gesellschaft fur Natur und Yolkerkunde Osta-

siens, August 1880, flsc, Yokohama.

The Society.

„ Transactions of the Asiatic Society of Japan, Vol. VIII, part 3 (1880), 8vo,

Yokohama.

The Society.

January 1881.
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The Nahan-Siwalik unconformity in the North-Western Himalaya.—By H. B.

Medlicott, m.a., Geological Survey of India.

A recent examination of some sections in the Nahan hills necessitates a

provisional change in the presentation I have hitherto given of some structural

features of the Sub-Himalayan rocks.

Tn the notices of the Himalayan region published by the Survey, a leading

structural feature has been indicated by the demarcation of the sub-region desig

nated as the lower Himalaya, or outer Himalaya,—an area about 50 miles wide

of deeply eroded hills having an average elevation of 8,000 feet, some summits

ranging up to 12,000, between the first great range of snowy mountains and the

zone of Sub-Himalayan hills bordering the plains. The eastern limits of this

sub-region are not known ; on the west it terminates abruptly on about the 77°

of longitude, where its boundary runs north and south for a length of 80 miles.

That this feature is an aboriginal character of the mountain-structure, and not

principally a result of denudation, is abundantly evident ; not only do the boun

daries of the formations conform to it, but also the strike of the rocks ; it is,

moreover, contiguous with the ground where the main gneissic axis of the great

Himalayan range itself splits up into three minor terminal axes, those of the

Uhauladhar, of Chamba and the Pir-Panjal, and of the Zanskar range.

Two of the great Himalayan torrents, the Beds and the Sutlej, flow in

an east-to-west course across this terminal boundary of the lower Himalayan

area.

The detailed rock-structure of the lower Himalaya exhibits peculiarities in

strong contrast with what prevails elsewhere. This is betrayed even by the

simple hill-shading of the maps, despite the surveyor's practice to represent all

ridges as spurs of some contiguous ridge, unless a stream flows between ; the

great irregularity of the outlines and of the stream courses is most marked. It

is in the geological boundaries that this character comes out most strikingly :

elsewhere the formations observe a very marked conformity to a prevailing

strike ; whereas these same boundaries, on entering the lower Himalayan area,

curve about in a most serpentinous manner. This is fairly exhibited on the map

published with my Memoir on the area between the Ganges and Ravi (Memoirs,
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Vol. IlI, Pt. 2).1 Traces of each type of structure are to be seen in the region

.where the other type prevails : as in the general distribution of the lower Hima

layan formations parallel to the mountain system, and especially in the steady

strike of the Sub-Himalayan ranges ; and, to the north-west, there is the marked

embayment of the upper tertiary rocks at the gorges of the Ravi and the

Chinab.

The question is, what interpretation to put upon this apparent contrast of

relations of the same rock-series in these contiguous areas. In the western area,

where the greater regularity of feature prevails, the structure seems resolvable

into great flexures of the strata, often folded, with inversion and faulting ; and

this is the view adopted (still with partial reserve) for the Dhauladhar and the

Pir-Panjal, and for the ranges of tertiary rocks outside them. In view, then, of

the presumed fact that the Dhauladhar is but a diminished result of the forces

which produced the great Himalayan axis to the south-east, can we look upon the

structural features of the lower Himalaya as also an extreme result of the same

causes and conditions ? In both sections the newer rocks seem to pass beneath

the older : in the Dhauladhar this occurs only on the south side as in a simple

folded flexure ; whereas in the ridge between the valleys of the Beds and the

Sutlej, the gneiss seems to overlie the slates on both sides ; still this might only

be a doubly folded flexure, in which the bulging over took place impartially on

either side. In the former case, however, the inverted sequence of the rocks is

recognisable ; whereas in the latter the newer rocks seem to be in normal order np

to the junction ; and this observation (if correct) would suggest the supposition

that the relative positions of the two rock series is in some degree aboriginal ; a

view which would also make the irregular outline of the boundary easy of

explanation. But it would be useless to drive this point further while the data of

observation are so deficient.

It is in the boundaries of the older rocks that this character of irregularity

of direction is most conspicuous in the lower Himalaya, but in the tertiary series

also it is very well marked as compared with the western region ; and for the

lower member of this series the cause of this peculiarity is sufficiently evident.

In the strip of eocene rocks forming the border of the lower Himalayan sub-

region in this its terminal area, we have the base of that formation exposed, not

in a single outcrop along a general flexure, but in a serrated outline and in out

liers as weathered out in minor folds of the supporting rock. It seems demon

strable that these basal tertiary rocks were here laid down upon a deeply eroded

surface of the slate and limestone series, when these had as yet undergone little

or no contortion, and that there were in this position many local interruptions, and

presumably a general limit, to the tertiary deposits ; for, strata many hundred

feet higher in the series than those upon*which the tertiary clays rest, occur in

their immediate neighbourhood, and, if the older rocks were then still uncontorted

(as seems to be proven), these must have stood up as eminences in or at the

edge of the nummulitic water basin. The beds overlying the nummulitic clays

do, accordingly, occur resting against the higher members of the older rock

1 The work, of which this map is the result, was principally directed to the tertiary rocks, so

the boundaries of the older rocks are only sketched in from a few points of observation.
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series. Evidence to the same effect is found in the great variation of thickness

of the nummulitic clays within short distances. Thus it seems provisionally,

established that the characters of the boundary of the eocene rocks with the

older formations of the lower Himalaya are primarily and largely due to original

features of contact.

The question of stratigraphical breaks within the tertiary series of the Sub-

Himalaya is a troubled question. Such groups have been well established in the

corresponding series in Sind ; but in the Sub-Himalayan zone, trans-Sutlej, and

especially trans-Jhelum, all observers (including myself) have hitherto failed to

detect any definable line of demarcation, from the eocene beds up to the newest

Siwaliks. Although more or less distinct petrographical characters can be

assigned to the several horizons throughout, they are so transitional from one to

the other that the question of mapping them becomes one of extreme nicety ;

for not only are the changes gradual in vertical sequence, but horizontally, certain

characters affect zones exceptionally, e.g., as a general rule conglomerates are

restricted to the top group, but in the neighbourhood of the great rivers this

character affects much lower horizons. I strongly suspect that in this way

fossils have been recorded as topmost Siwalik, though really from a lower horizon ;

for there has been a distinct tendency to set down every conglomerate as upper

Siwalik. I have suggested (Manual, p. 554) the almost likelihood of the suc

cessive zones of conglomerates in the Kangra area being, some or all, of different

ages ; and I am persuaded (I. c. p. 544) that in the Kathmandu section the con

glomerates of the inner tertiary zone are not the same as those of the outer

(true Siwalik) one.

I have, however, insisted (Manual, Chap. XXII) on the demarcation of

tertiary groups on the lower Himalayan border, at least in the Nahan area, in a

much more definite manner than the conjectural distinctions just indicated. The

lower tertiary (Sirmur) series there is only found within the lower Himalayan

area on the edge of which they are upraised, and so attain an elevation never

reached in the Sub-Himalayan zone, from which they are separated on the south

by what I have called the " main boundary," as being that along which continu

ously the slaty rocks of the mountains are cut off completely from the newer

tertiary deposits. It is a well-defined line, and along it on the border of the

Sirmur area the slates are still frequently exposed beneath the eocene rocks.

The two closely connected questions then arise,—what is the nature of that

boundary ? and what the relation of the tertiary rocks on either side of it ? If

the boundary were simply a fault, the presumption would be evident that the

rock-series on either side had originally been one and the same. No approach

to identification can, however, be made out. The nummulitic marine beds

(Subathu) form the most distinctive group at the base of the Sirmur series, and

they are largely developed at many points to the north of and at the boundary ;

but no trace of them has been found in the Nahan zone to the south, although

great thickness of rocks are exposed in many sections. Notwithstanding their

exceptional position within the lower Himalayan boundary, the eocene (Subathu)

rocks are included in the Sub-Himalayan tertiary series, as being in closely

transitional relation with overlying deposits in which the well-marked petrolo
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gical types of the Sub-Himalayan rocks are well developed ; and this occurs

in the Sirmur area as well as in the Sub-Himalayan ground proper to the

north-west. Thus there cannot fail to be a certain resemblance between the

upper members (Dagshai and Kasanli groups) of the Sirmur series and the

rocks of the adjoining area. It would be easy to find red clay or purplish grey

sandstone in the Nahan zone indistinguishable from those of the Dagshai beds ;

but in several particulars, and as a whole, the strata of the Nahan band present

nothing like the correspondence to those of the Dagshai and Kasanli groups that

should be expected on the supposition of their having been once parts of the

6ame deposits, only separated by a faulted fissure. If they are not of the

same age, the presumption is that the main boundary is not primarily (as

between these formations) a fault, however much movement may have taken

place along it. Other features of this boundary have been cited in support of

this view (Manual, p. 139).

There remains the outermost zone of tertiary rocks and its relation to those

of the Nahan zone, a correction with reference to which, as previously represented,

it is the object of this note to bring forward.

Here, again, we have to take up similar facts and arguments to those just

noticed : there is a strongly-defined line of contact of very dissimilar rocks. If

this is to be regarded as simply a fault, and the rocks on either side of it as

normally continuous in regular superposition, we should have to descend through

several thousand feet of the outer series before finding anything like the Nahan

rocks, if even then identification could be fairly made out." This objection of

mere magnitude would be of small weight by itself : but there are other facts

suggesting doubts in the same direction. Firstly, there is the abrupt irregularity

of direction in this boundary, without any sign of cross-faulting in the newer

strata. It may be said that this is a theoretical objection ; for, who can lay

down the limits of natural possibilities in this respect ? We find, however, in this

very region, and in these same formations, numerous instances where the character

of regularity is taken as the strongest evidence of the features being true fissure

dislocations, along great axes of flexure. Secondly, there is in this case some

strong evidence that is not forthcoming in that of the " main boundary :" the

newer rocks at the contact are principally coarse conglomerates made up very

largely of sub-angular blocks, often of a cubic foot in size, of the sandstones of

the Nahan zone. This fact alone is often taken as proof positive of the uncon

formity of the rocks so related ; for it demonstrates that the older of the two were

extensively disturbed and denuded at the time of formation of the newer close to

the present line of contact, which is the meaning of " unconformity" in its fullest

sense.

Thirdly—and this brings us to the correction I have to notice—I represented

an actual section of the contact from which it could be absolutely asserted that

no faulting whatever had occurred there ; that it was only a steep surface of

original contact, modified by subsequent crushing. This was an obligatory fact,

and as such it put all other evidence into the shade or out of sight ; and I have

paraded it accordingly as settling the question of the Nahan-Siwalik uncon

formity at this spot at least, and as pointing a lesson in the interpretation we
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might or should sometimes put upon so-called faults. The resistance made to

both of these views has brought this section into much prominence, and I have

long been anxious that some one should verify it. Mr. Theobald had ample

opportunity to do so when he was sent to that very ground to extend my work,

and especially to search for fossils ; but the only correction he has ever suggested

to the " Tib section" was, that the outer rocks at the contact (c. of fig. 2) might

not be true Siwaliks—an objection that is quite untenable. As Mr. Oldham was

working in that neighbourhood, I requested him to have a look at my crucial

section, and if necessary to employ labour to clear the ground. This he had

done ; and his account of the result made me determine to visit the spot agaiu

myself, as I could not make so great a renunciation without a personal inspection.

After my visit I have now to announce that the representation I gave of the

section was altogether erroneous, and the lesson to be henceforth connected

with it is quite of another kind : I can only hope that the experience may be

useful to my junior colleagues and others, as an ' awful warning ' of how an

earnest observer may be blinded by proclivities, though, at the time the observa

tion was made, I did not suspect the prominent use I should make of it. As an

apology to the public, I can only mention it as an example of a risk that must

attach to our work in India, where we rarely have an opportunity of visiting

any spot even a second time.

To make the case more clear, 1 have reproduced the diagram (fig. 1) I gave

in my original description,1 and also a/ac simile (fig. 2) of the sketch in my field-

book (dated 31st January

1861). There are two points

of error to be corrected : the

beds d do not, as I thought,

belong to the series c. I had

not then detected the high-

level gravels subsequently

noticed on these hills in the

region of the Sutlej, and to

which these beds d belong ;

the slight slope in them

(somewhat exaggerated in

the sketch) is only one of

deposition. A more serious

error was committed regard

ing the bed b, in placing it with the series a, whereas it really belongs

to c. I find it duly noticed in my field-book that this clay is of the

type of the outer series, but I was decided by its apparently complete conformity

to a,—which fact, if correct, would overrule the other one ; but a dip is not easily

observed in a mass of clay, and I believe I was mistaken ; the more so as I am

also compelled to think that the appearance given to the beds c, as dipping down

upon b, was put in from a broken section, the mass b being really some yards in

front of the face c,—the apparent position of the two rocks in the same plain of

i Memoirs, Vol. Ill, Pt. 2, p. 108.
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bedding being due to a slight obliquity in the strike and in the point of view.

To sum up—the Tib junction, for all that can be said from what is seen of the

contact, may be a fault, in the full sense of that term.

A word is necessary as to how I failed to see all this when I visited the

spot for the purpose, in 1878, as mentioned in the note on page 538 of the

Manual. I took it on my way in the morning of a very long day's work, at

the end of which I was to meet my conveyance (doolie) to take me to Umballa.

After 18 years' contemplation of a false sketch, to which I had attached no scalu,

the original features had become so transfigured in my mind, that I failed to

recognise the ground from which I had made the picture. I expected to find

a neat little section, for the key I had so boasted of could easily fit within a

few square feet,— so masterful a key would, indeed, be more likely to be exposed

on this scale—and not finding it, I made the very admissible conjecture in

such ground, that it had been covered by a fall of rock. I now see that my

sketch was meant to represent the whole side of a hill.

Having cried peccavi and given amends, I wish to state briefly how we stand

in consequence. As regards the unconformity, it wouldseem superficially that

I ought to retract much of what I remarked upon Mr. Theobald's presentation

of the Sub-Himalayan tertiary series in the last number of these Records. I am

unable to abate one word of those remarks. No doubt the unconformity is an

insuperable difficulty to the picture there given of these formations, as one un

broken sequence of deposits, through which we are left to suppose the Himalaya

were bumped up, like a jack-in-a-box, along a series of great faults. But it will

be seen from previous statements that the unconformity must stand fast, despite

the occlusion of the particular form given to it by the exploded "Tib section."

I believe that the essential features of that form will yet have to be adopted.

The influence of this feature upon the nomenclature of these formations

remains an optional matter, to be regulated on palseontological grounds, accord

ing to the connotation it may be ultimately thought desirable to give to the term

Siwalik, whether to include the whole neogene ossiferous series of the Sub-

Himalaya, or only the upper groups of that series.

On the score of the 'fault question,' I do bitterly regret the collapse of the

Tib section. It stood as a compelling instance of a condition of rock-formation

that is hardly ever taken into account, yet which must be of frequent occurrence.

The distinguishing marks of such original features are peculiarly liable to obliter

ation, and thus the features themselves to be confounded with all steep surfaces of

contact, as faults, to the utter misunderstanding of the natural history of

the rocks.

Note on some Gondwa.ua Vertebrates.—By R. Lydekker, B.A., F.Z.S.,

Geological Survey of India.

Subject.—The recent acquisition by the Indian Museum of some additional

remains of vertebrates from the great Gondwana series has once again directed

my attention to these interesting fossils, and has led to the penning of the follow

ing notes. These notes are given here in the present form, because it will be
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some time before I shall have an opportunity of describing these remains more

fully, and also because I have still a hope that Professor Huxley may even yet

be induced to favour the scientific world with his promised descriptions of the

Indian Hyperodapedon and Parasuchus. The remains which form the subject of

the present note are certain remains of labyrinthodonts lately obtained, among

other fossils, from the Panchet group of the Gondwana series near Eaniganj, by

Mr. Ball and myself1 ; and also some remains of reptiles, collected by Mr. Hughes

in the South Rewah coal-field, which have been referred to the horizon of the

Maleri beds of Nagpur.8

Mandible of a labyrinthodont.—One of the most interesting specimens among

the Panchet collection is the greater portion of the right ramus of the mandible

of a small labyrinthodont, showing the articular cavity, and the greater part of

the dental bone. The length of the fragment is 1"5 inches, and its greatest width

0"17 inch. It shows the bases of six anchylosed teeth, displaying the character

istic labyrinthodont structure, and decreasing in size from before backwards.

The teeth are sub-elliptical in cross-section, the longer diameter being transverse.

The anterior teeth are nearly as wide as the jaw, while the posterior tooth is

extremely minute, and placed very close to the articular cavity. The external

surface of the jaw exhibits the characteristic labyrinthodont sculpture : the

portion remaining is quite straight.

It now remains to consider to what animal this jaw should be referred. Of

the known labyrinthodonts from the Panchet rocks, the jaw of Gonioglyptus

longirostris? as is shown by numerous specimens in the Indian Museum, differs

very widely in the form of the articular portion from the lower jaw under

consideration, and is further distinguished by the circumstance that the teeth

do not approach within a considerable distance of the articular cavity ; the

portion immediately in advance of this cavity being produced into a sharp

edge,* while it is quite broad and flat in the new jaw. The jaw of the only

other definitely determined labyrinthodont from the Panchet rocks—Pachygonia

incurvata*—differs in toto from the present specimen. In figures 14 and 15 of

Plate III of my own memoir on the Panchet vertebrates, a portion of a lower

jaw of a vertebrate is figured, which has been provisionally referred to a second

species of Gonioglyptus. The teeth in that jaw are distinguished from those of

the present specimen by being antero-posteriorly, in place of transversely, ellip

tical. In figure 5 of Plate VI of Professor Huxley's memoir, a fragment of a

labyrinthodont jaw with three teeth is figured ; these teeth much resemble those

of the present species.

1 I may remind my readers that the vertebrate fossils from these beds have been described

firstly by Professor Hnxley, and subsequently by myself in the 4th series of the " Falteontologia

Indica," Pts. I and III.

» See supra, Vol. XIII, p. 189 (Feistmantel).

» Loe. ext., Part I, PI. VI, fig. 2.

* The specimen figured by Professor Huxley does not exhibit this portion in a perfect condi

tion, though it is well shown in other specimens in the Indian Museum.

* Huxley, /. c, woodcut, p. 6. This figured mandible, the one on which the genus was

established, has been in the keeping of Professor Huxley, who promises to return it to the Indian

Museum, Calcutta.
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£{o European or American form known to me agrees with the new Pancltct

fossils, and hence it seems probable that this jaw indicates an entirely new form

of labyrinthodont. The materials available are, however, so slight that it would,

perhaps, be rash to found a new genus on the present evidence.

Skull of Gonioglyptus longirostris.—A fragment of the right half of the

anterior moiety of the skull of Gonioglyptus longirostris, from the Panchet rocks,

shows somewhat more of the anterior extremity than occurs in the original

specimen.1 The new specimen demonstrates, as far as it goes, the correctness of

Professor Huxley's restoration.

Crocodilian from the Rewah rocks.—ln noticing the fossils obtained by Mr.

Hughes from the presumed Maleri horizon in South Rewah, Dr. Feistmantel»

has referred certain crocodilian remains to the still undescribed Parasuchus hislopi

of Huxley, of which the type specimens are in the Indian Museum. My own

examination of this series of fossils leads me to the belief that my colleague's

identification is somewhat mistaken.

The best preserved remains of the Rewah crocodilian comprise, a basi-occipital,

the angular portion of a mandible, and some dermal scutes, one of which is of

large size. The scutes appear to be indistinguishable from those of the Maleii

Parasuchus, but as these do not appear to me to be distinguished by any well

marked characters from those of the European Belodon, their evidence may be

counterbalanced by other circumstances. The basi-occipital evidently belongs to

a crocodilian with ununited pterygoids, and differs very markedly from the type

basi-occipital of Parasuchus hislopi. As, however, this last is still undescribed,

though named by Professor Huxley, it would be useless to attempt to distinguish

the two ; and it must suffice for the present to say that they are very different.

The Rewah fossil is much like the corresponding part of the skull of Belodon.

The articular portion of the mandible differs from the corresponding part in

Crocodilus and Belodon ; the same part in the Maleri crocodilian is unknown.

It would be rash with the present materials to say whether the Rewah cro

codilian is generically distinct from its Maleri cousin, but there appeal's to me but

little, if any, doubt as to its specific distinctness.

Hyperodapedon.—Dr. Feistmantel in noticing the remains of the Hyperoda-

pedon from Rewah observes " jaws apparently of the same animal as that of the

Central Provinces, but three of the jaws are larger than any hitherto known

from the same place." In this identification my colleague's conclusion agrees

with my own ; and it affords considerable probability for the correlation of the

Rewah and Maleri vertebrate horizons.

As noticed by Dr. Feistmantel, some of the remains of the Rewah Hyperoda-

pedon indicate a much larger animal than any hitherto known, and I shall first

of all endeavour to show by how much this animal exceeded in size the European

H. granti, and shall then notice certain points which seem to indicate its specific

distinctness from the latter.

The largest of the Rewah specimens of Hyperodapedon consists of the hinder

part of the right palato-maxillary bone, showing a large series of conical teeth,

1 Huxley, I. c, PI. VI, fig. 1. 1 Loc. cit.
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in regard to the arrangement of 'which more will be said below. The portion

remaining, judging from comparison with other specimens, certainly does not

comprehend more than two-thirds of the complete bone. The length of one row

of teeth is inches ; the complete bone would, therefore, be at least 6J inches

in length. Now, according to Professor Huxley1 the length of the correspond

ing dentigerous bone in a large specimen of H. granti is 2' 75 inches ; and the

whole skull to which this bone belongs has a length of not less than 7 inches.

On this proportion the skull of the Rewah species would have been about 16

inches in length. Hence, as the European species is considered to have been

about 6 feet long, the Indian one would havo been about 16 feet. Now, with

regard to the relations of the two forms, Professor Huxley5 observes—" I

propose to give a full account of the Indian species elsewhere. At present

I merely wish to observe that, for the most part, they belong to animals of a

larger size than the Elgin specimen, but I have not yet discovered any grounds

for regarding them as specifically distinct." The Indian specimens acquired

subsequently to those sent by the late Dr. Oldham to Professor Huxley do

appear to me to present characters affording a prima facie probability of belong

ing to a species distinct from the European.

In his description of the upper dentition of the European H. granti, Professor

Huxley shows that in all his specimens the teeth externally to the characteristic

median groove, form either one or two rows ; while the smaller teeth, internally

to this groove, always form two rows.

In the Indian forms the smaller specimens of the maxillo-palatines, as in the

one of the right side figured on page 153 of the "Manual of Indian Geology,'1

generally show two rows of teeth on the inner side of the groove, and at least

three rows on the outer side. In larger specimens there are generally three or

four rows of teeth on the inner side, and four or five on the outer side of the

groove ; the linear arrangement on the outer side being frequently very obscure.

This greater complexity of the dental system of the Indian form, coupled with

the larger size which it seems to attain, inclines me to think that it may not

improbably belong to a distinct species, for which I would propose the provisional

name of M. huxleyi, after the founder of the genus.

One other point worthy of notice presents itself before concluding. It may have

struck the reader that as the Gondwana lizard presents an extraordinarily wide

triturating surfaco on the palati, while according to Professor Huxley the lower

jaw of the European form only presents a knife-like edge surmounted with a

single row of anchylosed teeth working in the groove in the upper jaw, it is

difficult to see how all the upper teeth are to be worn away. This apparent

difficulty is partly explained by three fragments of the Indian lower jaws, of which

only four are known. These specimens show that the ramus not only carried a

single row of teeth on its superior trenchant edge, but that it was furnished with

another row on its outer snrface. Some specimens show that this outer row

was set on a ledge of the ramus, looking nearly upwards, while others are on the

flat external surface of the ramus, looking nearly outwards. As these latter teeth

1 Quar. Jour., Geol. Soc, 1869, p. 144. » Loc. tit., p. 146.

B



178
[vol. xnr.Records of the Geological Survey of India.

are not worn it is not improbable that they did not come into use till late in the

life of the animal, when their relative position may have become like that of

the teeth in the first mentioned jaw. Otherwise the jaw nmst have been set in

such a manner as to admit the possibility of the attrition of the vertical external

surface of the ramus in the one or other of the rows of palatine teeth. The

presence of these lateral teeth in the lower jaw of the Gondwana lizard would seem

to lend countenance to the probability of its being distinct from its European

congener.

Observations on the Ossiferous Beds of Hundes in Tibet. By R. Lydekkbr, B.A.,

F.Z.S., Geological Survey of India.

It not unfrequently happens that scientific questions which have been appar

ently settled once for all, by the acquisition of new facts in relation to them, are

subsequently again brought on the tapis, and the original decision either reversed

or shown not to rest on such a sure basis as was at first supposed. Such reversals

or modifications reflect no discredit on the propounders of the older views, which

in many cases were the only legitimate conclusions to be drawn from the facts at

command.

An instance, where there is a probability of the original conclusions drawn

from them being liable to modification, is afforded by the case of the bones of

fossil mammals brought across the Niti pass, from the plains of Hundes in Tibet.

A paper from the pen of the late Dr. Falconer, written probably as long ago

as the year 1839, but never published till 1868, when it appeared in the pos

thumous " Palaeontological Memoirs"1 of that distinguished palaeontologist, gives

all the information then known in regard to the occurrence of these bones in the

Hundes (Hioondes) plains. In that paper it was clearly demonstrated that

these fossil bones were brought from beyond the Niti pass ; the strata whence

they were obtained were, however, still unknown. Of the bones at that time

known, some were stated to belong to various forms of ruminants, among which

a bovine animal, and a goat, whose horns were twisted after the fashion of the

living Himalayan markhoor, were particularised. Other bones were determined

to belong to a species of rhinoceros ; while a single tooth was referred to a

hyaena.

At a later period some of the best preserved of these and other bones from

the same locality were figured in the " Fauna Antiqua Sivalensis " where

they are referred to a rhinoceros and a horse.* Other remains from the same

deposits were also figured by Royle ; notably the hinder portion of the skull of

a ruminant which will be more fully noticed below.3

From the occurrence of the bones of a rhinoceros it was inferred by Dr.

Falconer in the paper quoted that the Hundes plain had been raised to its present

enormous elevation subsequently to the time when the animals of which the fossil

• Vol. 1, p. 173.

» Pis. 76, 84.

* *' Illustrations of the Botany, 4c., of the Himalaya mountains," pi. III., fig. 1.
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remains are found flourished, since he thought it impossible that such an animal

could have existed at an elevation of 15,000 feet, which is the present height of

the plain. It has subsequently been considered possible that these fossil bones

corresponded in age to some of those obtained from the Siwaliks of the outer

Himalaya.1

At a later period other bones were obtained by General Strachey,4 who inferred

that they were derived from " the great undisturbed diluvial deposits filling tho

valley of the Upper Sutlej to a depth of 3,000 feet, and forming the wide plain

of Hdndes." Notwithstanding this determination, General Strachey goes on to

remark that " there is no direct proof that these beds are marine, no shells having

been obtained from them ; but I think on the whole that the probabilities appear

to be in favour of this plain having been a true sea-bottom rather than of having

been occupied by a detached body of freshwater." It is then concluded that

these Hundes beds must have been raised from the sea line to a height of 15,000

feet without the slightest disturbance of their horizontality.

Among the bones obtained by General Strachey, some were referred to Equus

and Hippotherium ; but it is very questionable whether the materials were suffi

cient for the determination of the latter. A skull was considered to belong to

either a goat or a sheep, while a vertebra was referred to a rhinoceros. The

other determinations are doubtful.

This has been the extent of our knowledge till quite recently, when Mr.

Griesbach has briefly noticed the Hundes diluvial beds in the last volume of this

publication.3 In that passage it is stated that fragments of mammalian bones

were obtained from these horizontal deposits, whence it is inferred that the

specimens previously acquired came from the same source. The very important

observation is also made that these horizontal deposits rest (of course un-

conformably) upon highly tilted tertiaries, which are presumed to correspond

with some members of the Siwalik series of the outer hills.

There being now very strong evidence to show that the fossil bones are

obtained from the horizontal deposits, it becomes a very grave question whether

Dr. Falconer's and General Strachey's conclusions, that the Hundes plain has been

raised from a far lower level to its present elevation since the time that the

animals whose fossil remains are found there existed, can be maintained.

The main line of evidence from which this opinion was arrived was from the

supposed impossibility of the existence of a rhinoceros on these barren plains,

and this is no doubt a very formidable consideration. It is, however, on the

other hand, extremely difficult, though not impossible, to imagine how these

plains can, as Dr. Falconer supposes, have been raised from an elevation of

7,000 to 15,000 feet, without disturbing the horizontality of the diluvial depo

sits. Such an hypothesis, it appears to me, can only be adopted on the most

incontrovertible evidence, and I shall proceed to enquire whether such evidence

is forthcoming in this instance.

I shall first proceed to show that there is a great probability that at least

1 " Manual of Geology of India," p. 651.

J " Quar. Jour. Soo.," Vol. VII, p. 306.

3 p. 91.

3*
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some of the mammals, which lived during the deposition of the H&ndes dilu

vium, were such as now inhabit similar altitudes ; while the question of the

possibility of the existence of a rhinoceros at the same elevation will subse

quently be touched upon.

The skull of a ruminant figured by Royle has been already alluded to,

but may now be considered more closely. The specimen was obtained by

Messrs. Webb and Trail from the Tibetan traders, and is said to be at the pre

sent time in the collection of the Geological Society of London. No reference

is made by Royle as to what kind of animal tho skull belonged. Dr. Falconer,

however, stated1 that it belonged to a member of the cervine group. This de

termination is entirely erroneous, as can be seen at once by a comparison of

a deer's skull with Royle's figure. The specimen, without doubt, belongs to some

member of the antelope family. I have made a comparison of the figure with

the skulls of all the Indian members of this group, and I find that it differs

very widely from all with the exception of the skull of the Tibetan Pantholops

hodgsoni. The skull of that animal differs from the skulls of the Indian antelope

and gazelles by the greater proportionate length of that portion of the skull

which is behind the horn-cores ; by the very distinct depressions on the parietals

for the temporal muscles ; and also in the exceedingly small size of the frontal

foramina at the base of the horn-cores. The skull of Pantholops is further

noticeable for the great lateral compression of the horn-cores, in which charac

ter it differs most markedly from the Indian black buck.

In all the above mentioned points the imperfect skull figured by Roylo

agrees so closely with the skull of Pantltolops hodgsoni, that it is impossible to

say, without the original specimen, whether the two do not belong to the same

species, and it may be safely asserted that there is every probability that they

belong to the same genus. This being so, I venture to propose for Royle's speci

men the provisional name of Pantholops hundesiensis, from the place where the

skull was obtained.* There is of course a certain element of uncertainty in

determining the affinities of a fossil merely from the study of a figure, but

the resemblances between the skull in question and that of Pantholops hodgsoni are

so strong that they appear to justify the provisional assigning of the two to the

same genus.

It thus appears, that, as far as can be determined, the bones of fossil mammals

hitherto obtained from the plateau of Tibet may probably be referred to the

following genera, viz.,—

Ruminants (?) Pantholops.

Bos or allied genus.

(?) Ovis.

Capra.

Perissodactyles Equus (? a Hippotherium).

Rhinoceros.

Carnivores (?) Hyama.

1 Loc cit, p. 179.

5 I may express a hope that this paper may meet the eye of some member of the Geological

Society, who may be induced to search out the fossil skull in question, and compare it carefully

with the skull of P. hodgsoni.
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With regard to these genera, the first inhabits the highlands of Tibet only,

being seldom, if ever, found below an elevation of 13,000 feet: it occurs abund

antly on the Hundes plains. The genus Bos, in its original wide sonse, is

represented in Tibet at the present time by the yak (Bison or Pcephagus).

Ovis and Capra, the latter in the form of the ibex, occur abundantly in many

parte of the Tibetan region ; while Equus is also a very characteristic Tibetan

genus. As to the occurrence of Hycena, I 'am somewhat doubtful as to correct

ness of this determination ; but I see no reason why, since Felis occurs in

Tibet, this genus should not formerly have had a similar range. As far, therefore,

as these five genera go, there is no reason for supposing that their fossil represen

tatives did not live at the present elevation of Hundes ; while the first of

them, if rightly determined, is strongly in favour of such a view.

There only remains the question of rhinoceros ; and it may now be considered

whether the evidence in favour of the deposition of the Hundes strata at a much

lower level than their present one, as adduced from the presence of this genus,

is so strong as was supposed by Falconer, and whether it is not counterbalanced

by the evidence from the present position of the strata.

The improbability of a whole series of strata being carried up through an

elevatory movement of many thousand feet, without the slightest disturbance of

their original horizontality, has already been alluded to. The question may,

however, be regarded from another point of view,—namely, the probable age of

the Hundes diluvial strata.

In other parts of Tibet and the neighbouring regions of the Himalaya, there

occur numerous instances of lucustrine and diluvial strata, which, except in

Kashmir, are always horizontal, and which have been generally referred to some

part of 'the pleistocene period, but, perhaps, sometimes also contain represen

tatives of a part of the upper pliocene. In many parts it has been also inferred

on strong evidence that these strata are of pre-glacial origin. Again, in all regions

of the Himalaya where lower pliocene and miocene strata are known, these have

always been subjected to a greater or less degree of disturbance, and in Kashmir

this disturbance has acted on strata which are either of pleistocene or upper

pliocene age. Again the Hundes diluvial beds rest on highly-distnrbed tertiary

strata, which have been provisionally referred to some part of the Siwalik

(plio-miocene) epoch.

Now the known fauna of the Hundes beds comprises (with the exception of

the alleged, occurrence of Hippotherium, which does not appear to me to rest

on sure grounds) only living genera of mammals, all the extinct Siwalik genera

being conspicuous by their absence; and I accordingly come to the conclusion,

fromJI this ['and from the foregoing conditions, that the beds in question are

probably of pleistocene age, and almost certainly not older than upper pliocene.1

1 In previous papers, not having entered at any length into the fauna and position of these beds,

I have followed the old lead of classing them with the Siwaliks. It may be objected that

my inductions as to the genera of mammals not occurring in these beds are based upon insufficient

grounds. The teeth of mastodon, however, so common in the Siwaliks, if they occurred in the

Hundes beds, would be the most likely specimens to attract the attention of travellers and

traders.



182 Records of the Geological Survey of India. [vol. XiV.

Assuming, then, the probability of the at all events partly pleistocene age of the

Hundes beds, a very great difficulty presents itself if we suppose these beds

to have been deposited many thousands of feet below their present elevation.

We have seen reason to believe that the analogous strata in other districts

of the Himalaya were deposited before the glacial period, but, as they are

of pleistocene age, not very much before this epoch. Hence, on Falconer's

hypothesis, the Hundes beds would seem to have been deposited shortly before

the glacial period, at a time when the Himalaya was only half its present height.

This lands us in the dilemma either that the great glaciation of the Himalaya

took place when these mountains were only half their present height, which is in

the highest degree improbable ; or that these mountains were raised a height of

8,000 feet during the pleistocene period, immediately before the glacial epoch.

It is very questionable, on this latter view, whether there could have been time

during this period for such a gigantic upheaval, unless we assume it to have

been a sudden one, which is extremely unlikely.

On the other hand, if we consider that the Hundes beds are of post-glacial

origin, then we must assume either that the great glaciation took place at the low

elevation indicated above, or that after this glaciation the HAndes plain was

first depressed 8,000 feet, and then again raised to its present level.

On the only other possible hypothesis, namely, that the H&ndes beds are of

lower pliocene or upper miocene age, we are compelled to traverse the induction

as to the age of these deposits, gathered from analogous deposits in the neigh

bouring parts of the Himalaya ; and we are further confronted by the fact that

the tilted strata, unconformably underlying the Hfindes diluvial beds themselves,

probably represent the lower pliocene and upper miocene.

We see, therefore, that there are unquestionably very serious difficulties in

accepting the Falconerian hypothesis ; and we may now proceed to consider the

question of the possibility of the former existence of a rhinoceros on the Hundes

plains. Dr. Falconer, in treating of the present physical conditions and climate

of Hundes, observes : " It is very certain that no rhinoceros of the present

time could exist for a day in such a habitat ; and if we suppose the Tibetan

species to have been clothed with a dense fur, like the Siberian species, the

carcass of which was brought to Pallas from latitude 64° on the banks of the

Lena, still the tract could never have subsisted it; for although it has been urged

by Dr. Fleming that the single analogy of anatomical structure in the living

species is not sufficient to guide us to a conclusion, or even a conjecture, as to

the habits, geographical distribution, or food, of extinct species, so clearly shown

in the lichen food of the reindeer, still there is a limit to the force of this

objection, and it only applies in certain cases. In the case of the Rhinoceros the

incisive teeth are deficient in number, and the greater portion of them rudi

mentary in form and even deciduous. It may, therefore, be very safely predi

cated of all the species, fossil or existing, that they could nevor subsist by browsing

on a herbaceous vegetation : they want the nippers which enable the horse and

ruminants to subsist on low grass ; and their food must either be derived from

large reeds, shrubs, or trees, none of which are now found in Tibet."

Now, assuming that the incisivo dentition of the Hiiudes rhinoceros was
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similar to that of living species, which it probably was, it may be freely granted

that the animal was not such a close grazer as a horse or sheep.1 To any one,

however, who has seen a rhinoceros in captivity plucking off tufts of comparatively

short grass with its upper lip and tongue, it would seem not impossible for the

animal to have obtained a certain amount of sustenance from the short, dry

herbage now found in Tibet ; though I do not think it possible that the animal

could have existed on vegetation like the present.

There is, however, another very important element which enters into the

question, and that is that there are some indications that the climate of

Tibet was probably at one time more genial and moister than at present,

and that, at all events, far more water was present in the valleys than now.

The Hundes plain, at whatever elevation it stood, must certainly have con

tained a large lake, or series of lakes, at the time of the deposition of the mam-

maliferous strata ; and there is, therefore, every probability that the borders of

this lake were fringed with a reedy and bushy vegetation, as is now the case

in such parts of Tibet, where marshy valleys occur, as in the valley of the Chang-

Chenmo river. Again, since a great number of the lakes in Tibet show unmistak

able signs that in place of having always been, as now, salt lakes with no outlet,

they were once filled to a much higher level (40 feet in some cases) than at

present, and that other vast lakes existed where there are now barren plains, it

has been inferred that the climate of Tibet was formerly much milder and

moister than at present.* Now, even at the present time, with the aid of artifi

cial moisture, grain is grown at an elevation of 15,000 feet3 (the elevation of

Hundes) in Tibet, and it accordingly seems that the want of moisture is one

of the great elements of the present barrenness of the country. Hence it is only a

fair induction to suppose that in former times the vegetation of Tibet, though

of course never luxuriant, owing to the altitude, may once have beon far more

abundant than at present. The willow, poplar, tamarisk, pencil-cedar, and

Eleagnus now forming the chief trees of Ladak, and some of which, according

to General Cunningham, now thrive at an elevation of 13,500 feet, may not im

probably in a moister and milder climate have had a greater development than

at present, and may have grown at elevations where they are now unknown.

That a rhinoceros can live on the shoots and branches of kindred trees and

bushes, together with grass, has been shown by Dr. Schmalhausen's researches

on the composition of the vegetable matter found in the interstices of the teeth

of the Siberian tichorine rhinoceros*. These researches have shown that the

food of this animal consisted of the shoots and small branches of pines, larches,

and birches, together with grass and heath.

1 A horse, from having incisors in hoth jaws, is a closer grazer than a large ruminant like the

ox ; a small ruminant, like the sheep, however, in spite of the absence of upper incisors, can graze

closer than the horse, on account of the smaller size of its bite.

* See Cunningham's "Ladak," p. 190. The author has shown that shells now found

living only at an elevation of 11,000 feet are found fossils at an elevation of 15,000. This of course

cuts two ways.

» Ibid.

* "Mem. Imp. Geol. Inst., Vienna," January 23rd, 1877.
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A writer in the Geological Magazine1 has lately shown that at the time

the tichorine rhinoceros inhabited Siberia, the country at first enjoyed a far

more genial climate than at present, |and was probably covered with forests

where all is now a barren waste. The animal was covered with a thick

coat of fur and wool to withstand a certain amount of cold, but would seem

to have been eventually swept away from these regions by the increasing

cold of the glacial period and consequent barrenness of the country. That

it did, however, live for a part of its time in an arctic climate is proved by

the occurrence of its remains with the flesh and skin still undecomposed in the

frozen soil of Siberia.

With this example before us, and seeing the probability that the plains of

Hundes may formerly have enjoyed a more genial climate than at present, and a

consequently more abundant vegetation, it does not seem to me to be entirely

beyond the bounds of possibility that a rhinoceros may once have found the means

of subsistence on these at present bleak and barren plains. The Hundes beds, as

we said, judging from the analogy of very similar deposits in other parts of the

Himalaya, were probably deposited before the last great extension of the glaciers,

and we may thus imagine that it was this accession of cold that rendered the

Tibetan plains uninhabitable for a time, since which they have never regained

their warmer pre-glacial climate. Further, supposing that a rhinoceros did

formerly inhabit these plains, it would not be necessary to assume that it lived

there throughout the year, but rather that it was merely a summer visitor, and

that during the colds of winter, which at such an elevation must always havs

been severe, it sought protection and food in the warmer valleys below.

There is, however, still another possible element in the case. Although we

have considered it probable that any such elevation as that supposed by Strachey

and Falconer has taken place since the deposition of the Hundes beds, yet the

occurrence of a minor elevation since that epoch is by no means improbable.

An elevation of 1,000 or 1,500 feet is a vastly different matter from the enormous

elevations required by the above writers, and might have taken place with very

little disturbance of the general relations of the country. If the Hundes plain

were 1,500 feet lower than at present, during a warmer and moister epoch it

would have unquestionably borne an abundant vegetation. The possibility of

such a minor elevation is countenanced by the fact that the pleistocene lacustrine

strata of the valley of Kashmir have undergone a considerable amount of dis

turbance.

Finally, it appears to me that in the face of the foregoing considerations, it

would be wiser, at least for the present, to suspend our judgment, rather than

to commit ourselves to the uncompromising assertion that the diluvial beds of

Hundes were deposited at an elevation variously estimated from 8,000 to 15,000

feet below their present level.

1 Jlr. H. H. Howorth. " The Mammoth in Siberia." December 1880.
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Notes on Mining Records, and the Mining Record Office of Great Britain ; and the

Coal and Metalliferous Mines Acts of 1872 (England).—By T. VV. H.

Hughes, A.R. S.M., F.G.S., Geological Survey of India.

After the passing of the Metalliferous Mines Act of 1872 in England, making

certain duties obligatory on owners of under-ground workings, the advisability

of applying some of the provisions of the Act to India was actively discussed,

and several minutes—amongst which was one by the Superintendent of our

Survey—were recorded. The appointment of mining inspectors was not urged

with any great force, the necessity for such officers finding little warrant in tho

state of the mineral industry of the country. The relations between miners,

and proprietors were such that tho former enjoyed a degree of almost perfect

independence ; there was no deficiency in ventilation, the multiplicity of shafts

to every colliery being a subject of amusement to the newly-imported British

mining engineer ; fire damp was practically unknown, owing to the shallowness

of the workings ; and the ordinary precautions to ensuro life were not glaringly

disregarded. The value of having and preserving records of mineral produce

and plans of workings, however, was insisted upon, and I am anxious to show,

by a short reference to the history and progress of the Mining Record Office in

London, how useful for the present, and how profitable for the future, would bo

the establishment of a like institution in India.

Of course, there is no level comparison between this country and Great Britain,

the outturn of our most abundant produce, coals, being (for 1878) 1,000,000 tons1

a year, as against 132J millions ; but our mineral industries will expand, and by

accepting the wisdom that is set before us, we shall have the advantage of an

almost perfect series of records, dating from the time of British supremacy ;

and by recognising practically the duty we owe to the future, we shall save our

selves from the reproach of improvidence.

Most—I do not think I can say all—of the coal-owners of Bengal have,

I believe, more or less perfect records of the out-turns and the state of their

workings ; but this was not always so, and it is within my own recollection

when our Department pointed out the gain to their several interests by the con

struction of accurate plans, and the advisability of keeping them well up to

date. But, though this be done by the more enlightened proprietors, there will

always be those who through carelessness, or indifference, or suspicion, will fail

to meet their responsibilities ; and it is to guard against the loss of valuable

national statistics that a Government Mining Record Office is required. Hero

careful and permanent preservation can be relied upon, and the most perfect

facilities for inspection (under certain conditions) be ensured.

The Mining Record Office of Great Britain was established in 1840. The

immediate impulse that led to its sanction was given by the Council of the

■ Made up as follows :— Tons.

Raniganj coal-field ... ... ... ... ... 522,000

Karharbari „ ... ... ... ... ... 434,000

Wardha Valley coal-field ... ... ... ... 45,000

Mobpani coal-field ... ... ... ... ... 13,000

0
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British Association, at the meeting held in Newcastle-upon-Tyne in 1838, when

they passed a resolution to the following effect : " That it is the opinion of this

meeting that with a view to prevent the loss of life and property which will

inevitably ensue from the want of accurate mining records, it is a matter of

national importance that a depository should be established for the collection and

preservation of such mining records, of subterranean operations in collieries

and other mining districts."

A most influential committee was formed, comprised of those most interested

in the mining industries of the kingdom. This committee, termed the " Mining

•Records Committee," drew up a memorial calling the attention of the Govern

ment to " the expediency of establishing, as soon as possible, a National Deposi

tory, for the preservation of documents recording the mining operations of the

United Kingdom."

The result of this was that the Government adopted the recommendation

of the "Mining Records Committee" of the British Association, and in the

autumn of the year 1840, the Mining Record Office was established.

The objects to which the office has since been devoted are—

1st, the collection, arrangement, and preservation of all plans and sections

of the subterranean workings of mines and collieries, both those which

are now in process of exploration and development, and such as have

been or may be abandoned ;

2nd, the collection of statistical information connected with the mineral

produce of the United Kingdom ;

3rd, the collection and registration of every kind of information connected

with the phenomena of our mineral formations, of whatever descrip

tion these may be.

For those who may not place much value on remarks made in my own

personality, I would refer them to the celebrated Werner, who in his " Theory

of Mineral Veins " describes the manner in which mining plans should be con

structed, and comments on the advantage of having such plans and geognostic

descriptions of every mining district. " Such a collection," he observes, " (the

plans and description of the district) form together a complete and instructive

whole. If our ancestors had left us such documents for two centuries past,

or even for half a century, what advantage would it not have been to us ?

From what doubts would it not have relieved us ! With what anxiety do

we not turn over the leaves of ancient chronicles, in search of information !

With what pains do we not rake up the old heaps of rubbish brought out of

old excavations, to find pieces which may afford us some idea of the substances

formerly worked in them ! With what pleasure do we not receive the least

sketch or plan of some ancient mine ! Tet, between these documents and those

we might obtain in the way pointed out, there is as much difference as between

night and day. Is it not an obligation, a duty, for us to leave to future gene

rations as much instruction and knowledge as possible on the labours that have

been carried on in our mines ?" Such was the opinion of this great geologist,

whose knowledge of practical mining adds great weight to its recommendation.
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Again, in order to show in how strong a manner the opinion of some of

onr hest mining engineers have been expressed, I quote from Mr. Taylor's

report on the Lead mines of Alston Moor: "It is of great importance that

perfect records of what has been done in the pursuit of every vein should be

preserved ; and I would recommend that, in all future leases, a clause should be

introduced to require the adventurers to keep sections and plans of all their

workings."

Mr. Buddie, in referring to the coal-mines of Durham and Northumberland,

states : " It is obvious that many collieries which are now open will sooner or later

be shut up, and lie dormant for various and indefinite periods ; and the proba

bility is that in many cases all knowledge of the dykes which intersect them

may be lost, and the parties having to re-open them may be as ignorant, or even

more so, than those who first opened them. It is not necessary that I should

dwell on the extent of the loss of property and of lives which may result from

such a state of things ;" and adds that " although the several dykes which

have been met with are accurately represented on the working plans of the

several collieries, yet, from the detached and local nature of these plans, no

general and accurate notion of their lines of direction, bendings, and throws

can be formed from such sources of information." The only remedy for this

regret was a Central Office where the plans could be collated.

With the establishment of the Mining Record Office, the plan of preserving

mining documents was initiated, its operations extending year by year—so much

so that at the present time (1879) there are deposited and catalogued for

reference, upwards of ten thousand plans and sections of workings of coal and

metalliferous mines ; not only those that have been exhausted or abandoned, but

others at present productive and in course of exploration and development. Of

these latter, the workings are posted up from time to time. Numerous instances

might be given in which large sums of money have been saved to promoters and

adventurers who have re-opened old mining tracts. One case is that of a company

who revived mineral search in the neighbourhood of Chacewater (Cornwall),

and the Secretary of which sought in vain for records or information in and

around the spot. As a last resource, application was made by the promoters to

the Mining Record Office, and, among the documents there preserved, were plans

and sections of the underground operations at the time of the abandonment of

the mine that they had re-leased, together with much detailed information,

showing for many years the quantities of mineral obtained, its value, the metal

obtained therefrom, and the state of the levels in the mine. With the informa

tion afforded to guide them, the company commenced operations, and the results

proved eminently satisfactory. The Secretary, in expressing the thanks of the

promoters, for the assistance they had received from the Mining Record Office,

asserted that it had saved the company an expenditure of from four to five

thousand pounds, which must otherwise have been incurred for preliminary

explorations.

In its statistical character, the Mining Record Office is highly instructive,

and it undertakes annually the regular and systematic publication of the produce

of the United Kingdom. In most continental countries this is secured by
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parliamentary powers to administrative departments, to whom annual returns

are made of the production of the crude minerals. In the year 1872 a like

system was introduced in Great Britain, by the passing through the Legislature

of two measures, known as the " Coal Mines Regulation Act " and the " Me

talliferous Mines Regulation Act" (the latter of which has been slightly

amended recently,—1875). And returns are now made to the Inspector of each

district, on or before the 1st day in February, of the quality of coal or mineral

wrought in the year ending on the preceding 31st day of December.

In the matter of coal produce, individual returns are not published in the

annual reports of the Inspectors,—the results being tabulated and credited to

coal-fields, counties, or districts. Thus private interests are in no way en

croached upon : one coal proprietor is not aware of what his neighbour is doing,

and all works smoothly.

Since the introduction of recent legislation (1872), the manager of every mine

and colliery is required to qualify for his fitness for such duties, by passing an

examination and obtaining a certificate of competency. And every mine owner

or manager must keep a plan showing the workings, never more than six months

in arrear. No one, however, without the consent of the owner, can make a copy

of it, and the privilege of the Inspector even only extends to examination. In

the case of plans of abandoned mines, they become public after the lapse of ten

years.

The general rules to be observed in each colliery relate to ventilation, pre

cautions against causes of accident, especially dealing with fencing (both above

and below ground), safety lamps, gunpowder and blasting, water-pounds, bore-

boles, man-holes, securing shafts, and roofs and sides of every travelling road

and working-place, dressing-rooms, care of machinery, signalling, chains, drums,

breaks and indicators, boiler gauges, wilful damage, daily inspection of machinery

and underground workings, and report books.

Once a month the colliers have the privilege of appointing two of their number

to inspect the pit workings and machinery, and to make a report and record it

in the book kept for the purpose. They are also privileged, when paid by the

weight or measure of coal that they get, to station a person paid by themselves

as a check weigher at the place appointed for the weighing or measuring.

About chains there is a very necessary prohibition, that a single-link chain

shall not be used for lowering or raising persons. In India I have often seen a

chain of this nature employed, and, indeed, have myself on more than one occasion

had to accept my destiny at the end of one, but they are always dangerous, as

the weakest link represents the whole strength of the chain.

In metalliferous mines, the necessity of regular and frequent underground

inspection is not so urgent as in the case of collieries ; and safety lamps and

atmospheric gauges are not so essential.

It has not accordingly been deemed necessary by the Legislature to introduce

any conditions on these subjects under the general rules of the Metalliferous

Mines Act. This does not exclude their application, however, if the welfare of a

mine demand it, for each mine may have its own set of special rules framed to

meet the special circumstances of the mine.



PArt 1.] 189hugiies : Note on Mining Record:

A clause about ladders appears in the Metalliferous Mines Act, insisting that

where such are permanently used for the ascent or descent of persons in the

mine, they shall not be fixed in a vertical or overhanging position, but shall be

inclined at the most convenient angle according to the space in which the ladder

is fixed. This is a very necessary rule, for in the olden days it was often a penal

undertaking to mount a series of ill-hung ladders after a tour of inspection.

Besides the general rules, there are special rules, the object of which is to

provide for the proper discipline of those employed in the mines, and to prevent

dangerous accidents. They have the same force as if they were contained in the

Act, and they are prepared in the first instance on behalf of the owner, and hung

up on the premises with a printed notice, that at the end of a fortnight the rules

will be submitted to the Inspector of mines for the district, and that in the mean

time any person employed in the mine is entitled to forward any objection to the

Inspector. After 40 days, the special rules, if not objected to, become estab

lished, and are signed by the Inspector.

Neither women nor girls of any age, nor boys under twelve, are permitted to

be employed underground in English coal or metalliferous mines.

If this prohibition were extended to India, the labour now available in our

fields would be wofully reduced, as almost the whole of the underground

carriage (where tramways are not laid) is performed by women, girls, and boys.

Possibly some wandering Western philanthropist will be heard one day raising a

voice against the existing customs of this country ; but until education and civilis

ation have penetrated more deeply into the mind and system of our female

Bauria and Sontal colliers, we may defer placing them on the same platform

as the British miner's wife and daughter.'

No engine used for raising or lowering people can be in charge of a person

under eighteen years of age. And all drivers of animals must be above twelve.

There is an amusing clause which prohibits the payment of wages at a public

house. In this country it is asserted that grog-shops are most useful in stimu

lating the industry of the miners, for, as long as they have money they won't toil.

Having spent the last of their wages over a beaker of " daru " they proceed to

work. Consequently the greater the facilities for drinking, the more sustained is

their industry.

Both of the Acts alluded to in this paper embody the necessities which those

most interested in the matter have deemed well to recommend and legalise, and

it may, therefore, be urged that India would benefit by legislation. The interests

centered in our mineral industries, however, are as a speck compared to those of

Great Britain, the total value of whose minerals and metals in 1877 amounted to

£68,281,406, made up as follows :—

£

Coal .. ... ... ... 47,113,767

Metals ... ... ... ... 18,742,960

Earthy minerals ... ... ... 2,424,679

68,281,406

1 Or, perhaps, until the vices of " civilisation " have degraded the male element of these

simple people to the moral level of a large portion of the British mining population.—H. B. M.
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Tho earthy minerals were classed—

£

Flour spar ... ... 86

Wolfram • . ... 150

Calc spar ,•• ••• 625

Ochre ... .•• .*• 4,488

Gypsum ... 22,172

I3arytes ... 28,948

Shales ■•• „. 61,779

Coprolitcs 200,000

Clays ... 592,231

Salt 1,504,250

Sundries ... 10,000

2,424,679

On Cobaltito ami Danaito from the Khetri Mines, Rajputana ; tcith some remarks

on Jaipurite (Syepoorite).—By F. R. Mallet, F.G.S., Geological Survey ofIndia,.

In most standard works on niineralogy some reference [is to be found to

" Syepoorite," a sulphide of cobalt, stated, on the authority of J. Middleton,

F.G.S., to occur "in the independent state of Syepoore," in Rajputana. No

mineral of ,the same composition has been discovered in any other part of the

world, and Mr. Middleton's results have never been corroborated by any later

investigations. His paper on the subject was read before the Chemical Society

of London on the 15th December 1845, and is to be found in the Society's

Memoirs and Proceedings, Vol. Ill, p. 39. 1

The following is Mr. Middleton's description :—" The mineral possessing great

est interest amongst those above enumerated* is the sulphuret of cobalt. It is

found in the copper mines in considerable abundance, and exists in a primitive

schist in the form of bands and disseminated grains, the colour of which is a

steel-grey inclining to yellow. The grains appear to be crystallised, and are

probably the cube and its derivatives. What is particularly remarkable in this

ore is its purity, so far surpassing in this respect any that, so far as I am aware,

is to be met with anywhere else. The only substance in combination with it,

after separation of the matrix, is an iron pyrites, which is, however, but mecha

nically mixed, and so highly magnetic as to be readily removeable by the

magnet. The relative proportions in which these two exist are—

Cobalt pyrites ... ... ... ... 9078 per cent.

Iron ... ... ... ... ... 9-22 „ „

The iron pyrites consists of black amorphous granules without metallic lustre,

and, as above stated, it is highly magnetic, having at the same time the low

specific gravity of 2"58. It gives on analysis—

Iron ... ... ... ... ... 62-27 per cent.

Sulphur ... ... ... ... ... 3773 „ „

1 Republished in the Pbilosophical Magazine, Vol. XXVIII (1846), p. 352.

■ Sulphuret of copper, sulphate of copper, sulphuret of cobalt and aluin.
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The analysis was carefully made, and repeated for verification, so that, notwith

standing the specific gravity is so much lower than that assigned as character

istic of iron pyrites, there can be no doubt such is the constitution of this

constituent of the ore in question.

#**##*#

By very careful and repeated analysis, the reduction process having been

adopted for the metal, I found the proportions of the constituents (" in the cobalt

pyrites ") to be, taking the average—

Cobalt ... ... ... ... ... 64-64 per cent.

Sulphur ... ... ... ... ... 35-36 „ „

from which it is obvious the substanco is a sub-sulphuret, that its constitution is

Co2S, a rather remarkable result, considering that tho iron compound, doubt

less of simultaneous formation, is different.

The cobalt pyrites has a specific gravity of 5-45. It is used by Indian jew

ellers for staining gold of a delicate rose-red colour ; the modus operandi which

they follow I have been unable to learn ; it is a secret with them, which they

are unwilling to disclose.1

The name ' Syepoorite ' seems to have been given by Nicol, who, in his manual

of mineralogy (1849), says " this name may be given to a, sulphuret of cobalt,

probably a distinct species, found with pyrito and chalcopyrite at Syepoore, near

Rajputana." Nicol also substituted the formula CoS. for Co2S. as given by

Middleton. Whether the old or the new atomic weights be adopted, the figures

in Middleton's analysis closely correspond to the formula CoS.

In a valuable paper on " the mines of Khetree, in Rajputana,"» tho author

Colonel J. C. Brooke, says that " In some of the mines, a sulphuret of cobalt

is found in thin layers, between the masses of copper ore. No great quantity

of this is produced, however, not above 200 lbs per month in any particular

mine. It is merely pounded fine and exported, and finds its way all over India.

It is largely used in enamelling, forming the beautiful blue enamels which nativo

proficients in this art produce. Its price at Khetree itself is Rs. 50 per Jeyporo

maund of 53 lbs., the Raj share being one-fifth, or Rs. 10 per Jeypore maund."

1 In February 1818, Mr. Piddington, apparently not cognisant of Middleton's paper,

noticed the presence of cobalt in a specimen of ore sent by Major Thoresby " from the

Khetree Hills near Jyepoor" (Journal As. Soc., Bengal, XVII, Part I, p. 168). A still

earlier allusion to 'sehta,' although without reference to the fact that it contains cobalt,

may be found in a paper (signed A. E.) "on the copper works at Singhana, near Khetri, in

the Shekhawati country." "Mines," the author writes, "are also wrought at Khetri and Bubai,

producing many valuable minerals, such as copper, tamba, blue vitriol or sulphate of copper,

called by the natives lila tutia, or leelo toto : alum, phiikari, and a mineral called sehta, which

requires a more particular description. This sehta looks like a fine grey sand, having the

appearance of iron filings mixed with minute particles of silex and mica; its value, at the mines,

being from 40 to 100 rupees per maund. It is only produced at Bubai, and is used as an ingre

dient in making glass kanch, or women's wrist-ornaments, chura, which seem to be made of a

vitrified substance coloured with lac, lah, and other pigments (Glcmings of Science, Vol. Ill, p. 380,

December 1831).

» Jour. As. Soc., Bengal, Vol. XXXIII (18C4), p. 521.
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In 1873, Major W. A. Ross obtained a small quantity of the sehta, which ho

describes1 as " a dark grey sand with shining metallic-looking points, yellow

and white, interspersed. Through the lens, these are found to be semi-metallic

fragments, the white, crystalline, the yellow amorphous ; there are also numerous

quartzose fragments, white and pink." A portion of the sand was magnetic,

consisting chiefly of pyrrhotite. The yellow metallic-looking grains Major

Ross found to be copper pyrites, while he considered the white to be ' Jey-

poorite.' 3 The latter, when separated from extraneous substances, looked (with

out a lens) like glittering steel beads, each about half the size of a small

pin's head ; but through a lens they appeared silver-white. The powder was

blue-black and semi-metallic, like that made from galena. The result of Major

Ross' blowpipe examination of these crystals led him " temporarily, until

a sufficient quantity of the -pure mineral (not the sand) be obtained to submit

it to a regular chemical analysis" to estimate the constituents of Jeypoorite

to be about

Oxide of cobalt ... ... ... ... ... 82 per cent.

„ antimony ... ... ... ... 7 „ „

„ arsenic ... ... ... ... ... 6 „ „

Sulphur ... ... ... ... ... 5 „ „

100

No reason, however, is assigned in his paper for considering the mineral an

oxidized one, and in the title he defines Jeypoorite as " a sulph-antimonial

arsenide of cobalt," a name which certainly implies the absence of oxygen.3 It

seems to me, also, that the name Jaipurite should not be given to any mineral

but the sulphide of cobalt CoS, until the non-existence of such native sul

phide has been clearly proved. At present, although investigations subsequent

to Middleton's lend no support to his results, such negative evidence cannot

' Proceedings of the Royal Society, XXI, 292.

» Major Ross points out the double error in respect to the locality of the mineral, occurring

in mineralogical text-books. 'Syepoorc, near Rajputfina,' should read ' Jyepoore, in Rajputana.'

The name is spelled " Syepoore" in Middleton's original paper, the S being probably a mere typo

graphical error. The ' near ' seems to have originated from Nicol's taking " the independent state

of Syepoore " to mean a state independent of, or outside, Rajputana, instead of one not under the

direct control of the British Government. In the official gazetteer of Rajputana, the name of tho

state in question is spelled Jaipur, and hence the name of the mineral should be spelled ' Jaipurite.'

s A weighed quantity (about 3 milligrammes) of the mineral was compared as to its colouring

power in a phosphoric acid bead, with a known amount of cobalt oxide, and found equal in this

respect to about 82 per cent, of its weight of oxide. Assuming that the mineral contained 82 per

cent, of cobalt oxide, Major Ross divided the remaining 18 per cent, by guess-work amongst the

remaining constituents. The above experiment, however, although giving some indication of how

much cobalt the mineral contained, has no bearing on the question of whether the cobalt was

oxidized or not. If not (and the metallic lustre of the mineral, coupled with the fact of its con

taining sulphur and arsenic, is almost a proof of its being non-oxidized), 82 per cent, of cobalt

protoxide, being equivalent to 64 4 per cent, of cobalt, leaves 35'6 per cent, divisible amongst the

other constituents. If the oxide alluded to be the sesquioxide, tho proportions would be 5S'2 of

cobalt and 41'8 of the remaining substances. But, unless I have mistaken the author's meaningi

his figures, when worked out, give about 78, not 82, per cent, of oxide, equivalent to 61'3 of cobalt

the proiftoxide, or 55"3 if the sesquioxide, is meant.

■
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be taken as clearly disproving them, although doubtless sufficient to suggest

caution in their acceptance.

The latest account of the Khetri mines may be found in Mr. Hacket's paper

on the useful minerals of the Arvali Region.1

Some time ago we obtained for the Museum, through the kindness of Major

S. S. Jacob, Executive Engineer at Jaipur, samples of various products of the

mines in question, including copper and cobalt ores. The former is copper

pyrites in a slaty and quartzose gangue from Singhana and Khetri. About

11 lbs. weight was sent from the former place and 2 ttis. from the latter. The

ore from both is very rich ; whether the specimens are unduly favourable samples

or not I cannot say.

Specimens of the cobalt ore, both in its natural state and reduced to

powder, were also sent. The former (from the Babai mine) is a dark grey

slate containing brown scaly mica in thin seams and little irregular nests.

Grey translucent quartz occurs in similar seams and nests. Throngh both slate

and quartz minute silver-white crystals are disseminated. Most of the frag

ments of slate contain very few such, that are visible at least. In some pieces,

however, they are pretty thickly scattered, although even in such cases, on account

of their minute size, they form but a trifling proportion of the total bulk of the

rock. Here and there they are aggregated into clusters, and in one piece of slate

there is an irregular bunch of this kind, made up almost entirely of crystals,

which measures about a third, of an inch long. Specks of copper- and iron-

pyrites are scattered through the rock here and there. Other minerals are also

present, but can scarcely be detected in the unpowdered slate even with a lens.

The rock is traversed by a few thin seams of calcspar : these, however, appear to

contain none of the cobalt, and to be of more recent origin than the quartzose

seams, for in one case I observed a scam of the latter kind intersected by a

calcareous one.

The rock just described when reduced to a rather fine powder constitutes the

' sehta,' of which Major Jacob sent over 10 lbs. weight from the mines at

Babai and Bagor.4 With such a quantity at disposal I lately undertook the

examination of the cobaltiferous portion in the hope of being able to throw some

light on the Jaipurite question.

The chief difficulty, a difficulty Major Ross had previously experienced, lies in

the separation of the extremely minute crystals from the large bulk of extraneous

matter. Nearly the whole quantity received was first sifted through a wire gauzo

sieve of 36 holes to the linear inch. The coarser portion, weighing less than a

pound, was then washed in a Schulze's elutriator, by which means the greater

part of the slaty gangue was got rid of. The remainder was placed in

small portions at a time in a funnel with long tapering neck, connected below

with a U tube by a short piece of Indian rubber tubing. The internal dia-

1 Vol. XIII. p. 243.

4 Babai and Bagor are villages respectively 8 and 2 miles south, and Singhana a town 8 miles

north-west, of Khetri, Khetri itself being the capital of a feudatory State of the same name

subject to Jaipur.

I)
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meter of the U and rubber tubes was considerably greater than that of the lower

part of the funnel-neck. On passing a current of water, regulated by a tap,

through the U tube, and thence up through the funnel, the whole of the sehta

could be kept suspended in the latter, at any desired level. By carefully

diminishing the strength of the current, the lowermost grains were allowed

to drop from the funnel-neck into the U tube, where the current was more feeble

owing to the wider diameter. When a certain proportion of the sehta had

been allowed to fall in this way, communication was cut off between the lighter

and heavier portions by a pinch-coek on the rubber tube. The former included

the whole of the remaining slaty and quartzose particles, the latter the great

bulk of the metallic. By a repetition of the process the cobaltic portion,

owing to its higher specific gravity, was separated from a considerable part

of the copper- and iron-pyrites, &c.

The cobaltic portion was afterwards dried and treated with a strong magnet,

by which numerous grains of pyrrhotite, and some of pyrites (doubtless mixed

with sufficient pyrrhotite to render them magnetic), were eliminated. Successive

portions of the residue were then laid in long thin ' trains ' on a glazed porcelain

slab, and, with the help of a strong lens and a bent needle attached to a handle,

the cobaltic grains (recognised by their steel-grey colour) were pushed to one side,

and the residue, consisting mainly of iron- and copper-pyrites, to the other.

It was soon found, however, that the cobaltic part included two different

minerals, easily distinguishable under the lens of their crystalline form. There

were, lstly, modified cubic crystals; 2ndly, orthorhombic crystals; 3rdly,

broken fragments in which the crystalline form could not be determined. The

third portion, which constituted much more than half of the total, had to he

rejected, while the cubic and orthorhombic crystals were oarefnlly separated.

Altogether I collected about 40 grains of the cubic mineral (in each crystal of

which the form was apparent) and 2 grains of the orthorhombic.1

Fifteen picked cubic crystals of the largest size weighed '12 grains, or *008

grains each on an average. Their average diameter was -02 inches. The

specific gravity, taken with 20 grains, was exactly 6 00.

The colour of the crystals was steel-grey with occasionally a slight reddish tar

nish. They were well formed and regular. Of some thousands that passed under

my eye during the separation, nearly the entire number, probably 99 per cent,

or more, showed the same combination of the cube, pentagonal dodecahedron

(*^Z) an<^ octohedron, with the cube as the predominant form, having its edges

and solid angles replaced by the others.' A very few crystals were observed

in which the octohedron predominated, the angles being modified by the other

forms. Some of the broken crystals showed a well-marked cleavage parallel

to the faces of the cube.

1 These quantities were but a small portion of the total amount contained in the sehta. The

cubic crystals were more numerous than the others, although not very markedly so. I did not

devote the same pains, however, to the collection of the latter.

3 The angles in some selected crystals were measured under the microscope. It is noticcabl*

that the crystals examined by Major It oss, the crystalline form of which was determined by Pro

fessor Miller, exhibited the same combination.
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One cubic crystal is sufficient to give a strong cobalt re-action with borax. In

the open tube the mineral yields a crystalline sublimate of As3 03 and fumes

of S02. In the closed tube, at a bigh temperature, a sublimate of sulpbide

of arsenic is formed, with one of metallic arsenic nearer tbe assay. These

characters, together with the crystalline form, <&c., leave no doubt of the mineral

being cobaltite1, a result borne out by analysis, which gave—

Sulphur ... ... 1946

Arsenic ... ... 4387

Antimony .. tr.

Cobalt ... ... 28-30

Nickel ... ... tr.

Iron ... 783

Ganguc ... •80

100-26

The octohedral crystals do not differ in any apparent way from those in

which the cubic form predominates, except in the greater development of a

different set of faces. I had too few to make a complete examination of them

separately. Four, however, in an open tube gave a crystalline sublimate of

As2 03 and an odour S02. They are beyond doubt cobaltite.

On a previous occasion Major Jacob had sent us about 90 grains of schta

washed free from slaty or other siliceous particles, but containing a considerable

proportion of iron- and copper-pyrites, &c. The cobaltic portion was in ex

tremely minute particles (which included but few unbroken crystals), having a

paler colour than the sample I have just described—a shade intermediate between

steel-grey and silver-white. Its reactions before the blowpipe, however, were

found to be quite similar. Probably its lighter colour is due to its containing a

smaller percentage of iron.

The orthorhombic crystals, which are steel-grey with a faint yellowish tarnish,

have the form of arsenopyrite. Perhaps the commonest combination is00 P. P°°.

jP°° with sometimes the faces P°° In the open and closed tubes the crystals

give arsenic and sulphur reactions. With borax in the oxidating flame they

give a bead which is green when hot, and blue when cold, and which, dis

solved in a few drops of dilute HC1., yields a red colour with KCyS. In the

reducing flame the bead is bluo. The very strong reactions for iron show that

the crystals are danaite, not glaucodot.

With reference to the existence of Jaipurite, all that can be said is that the

cobaltic portion of three distinct samples of ' sehta ' have been examined (one by

Major Ross and two by myself), and that in none of them any simple sulphide of

1 I may here remark that mincralogieal text-books differ considerably as to the behaviour of

cobaltite in the closed tube. Dnna, Plattner, and others, state that it is unaltered. Nnumann says

according to Kobell it gives a sublimate of metallic arsenic. Collins states that it yields

yellow, red, and black sublimate. On trying the experiment 1 found that while mispickcl, the

iron analogue to cobaltite, gives sublimates freely at a moderate red heat, cobaltito (from Tunnberg

and Modum as well as from Khetri) is unaltered. At a higher temperature, however, at which

the glass softens, the mineral from all three localities gives off the sulphide and metallic arsenic.

Glaucodot from Hukansboda, at the higher temperature, behaves in the same way as cobaltite.
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cobalt has been detected. The occurence, however, of more than one ore of cobalt

in the same locality is common enough, and it would seem from Mr. Middleton'g

description1 that the ore analysed by him was freer from extraneous matter than

the samples Major Ross and I have examined, indicating perhaps that it was ob

tained from a different mine. Mr. Middleton makes no allusion to any difficulty

in obtaining the ore in a state of purity for analysis.

At the same time if Mr. Middleton's results be accepted in their entirety, a

second mineral peculiar to the Khetri mines must be recognised, namely, a sul

phide of iron closely approximating to, or identical with, pyrrhotite in composi

tion, but without metallic lustre, of a black colour, and with specific gravity as

low as 2-58.a

On the Occurrence of Zinc Ore (Smithsonite and Blende) with Barytes in the

Karnul District, Madras,—By F. R. Mallet, F.G.S., Geological Survey of

India.

Amongst the specimens illustrating the mineral products of India, sent from

various parts of the country to the Geological Museum at the time of the Vienna

Exhibition, were three pieces of rusty-looking stone, aggregating about seven

pounds in weight. They were sent from Karnul, in Madras (by whom does not

appear), and were labelled " soapstone, gypsum, &c." On examining them some

time ago, during the arrangement of the economic collections in the Museum,

I found them to consist of ferruginous smithsonite (zinc carbonate), barite, a

greyish hornstone, and green blende, with a speck or two of galena and pyrites.

The relative abundance of the different minerals is indicated by the order in

which they are mentioned. The greater portion, two-thirds perhaps, of the

specimens is smithsonite. There is a considerable quantity of barite, while the

amount of hornstone and blende is comparatively small. The rock has somewhat

the aspect of a breccia in which the smithsonite is the cementing material, but

this appearance is probably deceptive. The specimens are the richest samples

of Indian zinc ore in the Museum.

I am not aware of any record of the occurrence of zinc in the Karnul

District, or that its existence there has been hitherto known. In as far as any

opinion can be formed from mere hand specimens, the ore looks promising, and

the circumstances under which it occurs are undoubtedly a question worth

investigation.

Notice of a Mud Eruption m the Island of Cheduba.

The following letter has been placed at the disposal of the Geological Survey

by Colonel E. B. Sladen, Commissioner of Arakan.

1 p. 190.

* p. 190. Middleton's analysis of this sulphide is quoted by Brooke and Miller under pyrrhotite,

1 ut the physical characters, as given by the author, do not at all agree with those of the latter

mineral.
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No. 76-25, dated Kyouk Phyoo, 23rd March 1881.

From

The Deputy Commissioner, Kyouk Phyoo,

To

The Commissioner of Arakan.

Sib,

I have the honor to report that on the 27th Fehruary, at 8 a. II., there was an

eruption of a volcano in the Island of Cheduba. It was accompanied by flames and a

trembling of the earth, lasting one and a half hours.

The volcano is situated near the centre of the Island, and is shown in the charts as

one of two, close together, lying about north-west of the southernmost point of the Island.

I have, &c,

(Signed) W. W. PEMBERTON,

Deputy Commissioner.

The volcano in qnestion is evidently one of the two exceptionally large ones to

the south-east of Pagoda Hill (Vol. XI, 193, 222). It is open to doubt whether

the trembling of the earth was due to a slight earthquake, which was the im

mediate cause of the eruption (Vol. XI, 206), or whether it was not a mero

local tremor close to the volcano, caused by the explosive outbursts of gas.

P. R. MALLET.

DONATIONS TO THE MUSEUM.

Donors.

A series of specimens illustrating the manufacture of potash-alum and of alumiuoferric

cake.

Pkteb Spence, Esq., Pendleton Alum Works, Manchester.

A scries of specimens illustrating the manufacture of cobalt, nickel, and German silver.

Messes. Hbnby Wigoin & Co., Birmingham.

Two specimens of galena, and one of garnet, from theMahabagh lead mine, Hazaribagh Dist.

The Imfebial Silveb-lead Mining Company, Calcutta.

Tinstone from near Jambughora, Eewa Kanta, Guzerat.

— RoGEBs, Esq., late Bom.C.S.

Seven samples of corundum from the Bellary District.

M. Hahmiell, Esq., Bellary.

A series of specimens illustrating the manufacture of glass.

Messes. Habtley & Co., Sunderland.

A series of specimens illustratipg the manufacture of carbonate of soda, caustic soda, pearl-

ash, caustic potash, and chlorate of potash.

The Gbeenbank Alkali Wobks Company, St. Helens, Lancashire.

A series of specimens illustrating the manufacture of iron and Bessemer steel.

Union Actien-Gesellschaft fcb Bebgbau, Eisen-u-Stahl-Industbie, Dortmund,

Westphalia.
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ADDITIONS TO THE LIBRARY.

Fbom 1st January to 31st March 1881.

Titles of Books. Donors.

Bainks, Tnos.—The Gold Regions of South Eastern Africa (1877), 8vo, London.

Benson, Chas.—Report of a Tour in the Cuddapah and North Arcot Districts made in

August 1879 (1879), flsc, Madras.

Supdt. of Farms, Madras.

Bueton, Richard F.—The Gold Mines of Midian and the Ruined Midianite Cities (1878),

8vo., London.

Catalogue of the Calcutta Puhlic Library, with 5 Supplements (1855—1879) 8vo, Calcutta.

Dalton, Ed. Tuite.—Descriptive Ethnology of Bengal (1872), 4to, Calcutta.

Government of Bengal,

Gordon, R.—Report on the Irrawaddy River, Pts. 1—4 and Maps (1879-80) Arc., Rangnoa.

Chief Commissioner, British Burma.

Hoey, Wm.—Monograph on Trade and Manufactures in Northern India (1880) 4to,

Lucknow.

Hull, Edward.—The Coal-Fields of Great Britain, 4th Edition (1881) 8vo, London.

The Author.

Huxley, Thos. H.—American Addresses, with a Lecture on the Study of Biology, (1877)

8vo., London.

Huxley, Thos. Henry.—Critiques and Addresses (1873), 8vo., London.

Mojsisovics, E. V. nnd Neumayr M.—Beitiiige zur Palaontologio von Osterreich-Ungarn

und den Angrenzenden Gebieten, Band I heft 1 (1880), 4to, Wien.

Owen, Rich.—Researches on the Fossil Remains of the Extinct Mammals of Australia

with a notice of the Extinct Marsupials of England, Vols. I and II (1877) 4to,

London.

Percy, John.—Metallurgy, Part I., Silver and Gold (1880), 8vo, London.

Raverty, Major H. G.—Notes on Afghanistan and part of Baluchistan, Geographical,

Ethnological and Historical (1880), flsc, London.

Foreign Office.

Ross, Lieut.-Col. W. A.—Alphabetical Manual of Blowpipe Analysis (1880), 8vo, London.

Saise, Walter.—The Kurhurhallee Coal Field, with some Remarks on Indian Coals (1880},

8vo., New-Castle-ou-Tyne.

The Author.

Spon's Encyclopaedia of the Industrial Arts, Manufactures and Commercial Products

Division III, edited by Chas G. Wamford Lock (1881), 8vo, London.

Spon's information for Colonial Engineers, No. 3, India, by Fred. Chas. Danvers (1877), 8vo.

London.

Thomson, Murray.—Notice of a Mass of Meteoric Iron found in the village of Newstead,

Roxburghshire (1862), 8vo, Edinburgh.

The Author.

Wallace, A. R.—Island Life (1880), 8vo, Loudon.

PERIODICALS, SERIALS, &c.

American Journal of Science and Arts, 3rd Series, Vol. XX, No. 120, and XXI, Nos. 121

and 122 (1880-81), 8vo, New Haven.

The Editors.

Annnlen der Physik und Chcmie. New Series, Band XI, Nos. 12 and 13, and Hand XII,

Nos. 1 and 2 (1880-81), 8vo, Leipzig.
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Aunales des Mines, 7th Series, Vol. XVIII, livr 4 & 5 (1880), 8vo, Paris.

L'Admins des Mines.

Annals and Magazine of Natural History, 6th Series, Vol. VII, Nos. 37 to 39 (1881)

8vo, London.

Arehiv ffir Naturgeschichte, Jahrg. XLVI, heft 4 and 5 (1880), 8vo, Berlin.

Atbenasum Nos. 2773—2784 (1880-81), 4to, London.

Beibliitter zu den Annalen der Physik und Chemic, Band IV., No. 12, and Band V, No. 1

(1880-81) 8vo, Leipzig.

Bibliotheque Univercelle. Archives des Sciences Physiques et Naturelles, 3me Poriode,

Vol. IV, Nos. 10—12 (1880), 8vo, Genlve.

Bibliotheque Universelle et Revue Suisse, 3ine PeViode, Vol. VIII, Nos. 11 and 12, and IX,

No. 25 (1880-81), 8vo, Lausanne.

Botanisches Centralblatt, Nos. 47—52, and Band V, Nos. 1—8 (1880-81) 8vo, Leipzig.

Chemical News.—Vol. XLII, Nos. 1099—1101, and XLIII, Nos. 1102—1110 (1880-81),

4to, London.

Colliery Guardian. Vol. XL, Nos. 1041—1045, and XLI, Nos. 1046—1052 (1880-81), fol.

London.

Das Ausland, Jarhg. LIII, Nos. 50—52, and Jahrg. LIV, Nos. 1—9 (1880-81), Roy. 8vo,

Stuttgart.

Geological Magazine, New Series, Decade II, Vol. VIII, Nos. 1—3 (1881), 8vo, London.

Iron, Vol. XVI, Nos. 414—419, and XVII, Nos. 420—425 (1880-81), fol., London.

Journal de Conchy liologie, 3rd Scries, Vol. XX, No. 4 (1880), 8vo, Paris.

Journal of Science, 3rd Series, Vol. IlI, Nos. 85—87 (1881), 8vo, London.

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series,

Vol. XI, Nos. 65—67 (1881), 8vo, London.

Mining Journal, with Supplement, Vol. L, Nos. 2364—2366 and LI, Nos. 2367—2375

(1880-81), fol., London.

Nature, Vols, I—VII (1870-73), 4to, London.

R. Lydekkbb, Esq.

Nature, Vol. XXIII, Nos. 681—592 (1880-81), 4to, London.

Natural Novitates, No. 24 (1880), aud Nos. 1—3 (1881), 8vo, Berlin.

Neues Jahrbuch fur Miueralogie, Geologic und Palasontologie. Baud I, heft 1 and 2 (1881),

8vo, Stuttgart.

PalaMntographica, Baud XXVII, lief 2 (1880), 4to, Cassel.

Petermann's Geographiscbe Mittheilungen, Band XXVI, No. 12, and XXVII, Nos. 1 and 2

(1880-81), 4to, Gotha.

Professional Papers on Indian Engineering, 2nd Series, Vol. X, No. 39 (1881), 8vo, Roorkee.

TnoMasoN Collegb of Civil Enoinekbino.

Quarterly Journal of Microscopical Science, New Series, Vol. XXI, No. 81 (1881), 8vo,

Loudon.

GOVERNMENT SELECTIONS, &c.

Assam.—Report on the Administration of tho Province of Assam for 1879-80 (1880),

8vo, Shillong.
Chief Commissioneb of Assam.

Bombay.—Gazetteer of the Bombay Presidency, Vol. X, Ratnagiri and Savautvadi (1880),

8vo, Bombay.
Bombay Goyebnment.
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British Bubma.—Report on the Administration of British Burma during 1879-80 (1880),

Use, Rangoon.

Chief Commissionee of Bbitish Bcbua.

India.—List of Officers in the Survey Departments on the 1st January 1881 (1881), flsc,

Calcutta.

Home, Rev. & Agbi. Depabtment.

„ Register of Original Observations in 1879, reduced and corrected, November and

December 1879 (1880), 4to, Calcutta.

Meteob. Refobteb to Govt, of India.

„ Report on the Administration of the Meteorological Department of the Govern

ment of India in 1879-80 (1880), fol., Calcutta.

Meteob. Repobteb to Govt, of India.

„ Selections from the Records of the Government of India, Foreign Department,

No. 172. Report on the Administration of the Ajmere and Mhairwarra

Districts for 1879-80 (1880), 8vo, Calcutta.

FOBEIGN DePaBTMEKT.

Mysobe.—Report on the Administration of Mysore for 1879-80 (1880), flsc, Bangalore.

Chief Commissionee of Mtsobe.

TRANSACTIONS, PROCEEDINGS, &c, OF SOCIETIES, SURVEYS, *c.

Belfast.—Proceedings of the Belfast Natural History and Philosophical Society for the

Sessions 1878-79, 1879-80 (1880), 8vo, Belfast.

The Society.

Beblin.—Abhandlungen der Konig. Akademie der Wissenschaften zu Berlin, 1879 (1880),

4to, Berlin.

The Academy.

„ Monatsbericht der Konig. Preussischen Akademie der Wissenschaften, Sep

tember and October 1880 (1881), 4to, Berlin.

The Academt.

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXII, No. 3 (1880),

8vo, Berlin.

The Society.

Bbeslau.—Sicbennndfihifzigstcr Jahres-Bericht der Soblesischen Gesellschaft fur Vater-

landische Cultur, 1879 (1880), 8vo, Breslau.

The Socibty.

Calcutta.—Account of the Operations of tho Great Trigonometrical Survey of India, Vol.

VI (1880), 4to, Dehra Dun.

The Scbvey.

„ Synopsis of the Results of the Operations of the Great Trigonometrical Survey

of India, Vol. VII (1879), 4to, Dehra Dun.

The Scevey.

„ Cabbinoton, R. C.—List of Light houses and Light vessels in British India,

including the Red Sea and Coast of Arabia, corrected to 1st January 1881

(1881), oblong 4to, Calcutta.

Marine Subvey Dept.

„ Journal of the Agricultural and Horticultural Society of India, New Series, Vol.

VI, pt. 3 (1881), 8vo, Calcutta.

The Society.
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Calcutta.—Journal of the Asiatic Society of Bengal, New Series, Vol. XLIX, part I, No. 4,

and part II, No. 4 (1880), 8vo, Calcutta.

The Society.

„ Proceedings of the Asiatic Society of Bengal, Nos. IX and X (1880), and No. 1

(1881), 8vo, Calcutta.

The Society.

„ Psiteontologia Indica. Fossil Flora of the Gondwana System. Vol. IlI, Supple

ment to part ] (1881), 4to, Calcutta.

Geological Suevey of India.

„ Records of the Geological Survey of India, Vol. XIV, part 1 (1881), 8vo, Calcutta.

Geological Suevey of India.

Cambridge.—Bulletin of the Museum of Comparative Zoology, Vol. VIII, Nos. 1 and 2

(1880), 8vo, Cambridge, Mass.

Museum of Comparative Zoology,

Cofenhagbn.—Me'moires de l'Acade'mie Royale de Copenhague, 5th Series, Vol. XII.

No. 6 ; and 6th Series, Vol. 1, Nos. 1 and 2 (1880), 4to, Copenhague,

The Academy.

„ Qversigt over det Kong, danske Videnskabernes Selskabs, No. 2 (1880),

8vo, Copenhague.

The Academy-.

Glasgow.—Proceedings of the Philosophical Society of Glasgow, Vol. XII, No. 1 (1880)

8vo, Glasgow.

Thb Society.

Lausanne —Bulletin de la Socie'te' Vaudoise des Sciences Naturelles, 2nd series, Vol. XVII.,

No. 84 (1880), 8vo, Lausanne.

The Society.

Livebpool.—Proceedings of the Liverpool Geological Society, Vol. IV, part 2 (1880).

8vo., Liverpool.

The Society.

London.—Journal of the Anthropological Institute of Great Britain and Ireland, Vol. X,

No. 2 (1880), 8vo, London.

„ Journal of the Iron and Steel Institute. No. II (1880), 8vo, London.

The Institute.

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New Series.

Vol. XII, part 4.(1880), and XIII, part 1 (1881), 8vo, London.

The Society.

„ Journal of the Royal Geographical Society, Vol. XLIX, (1879) 8vo, London.

Thb Society.

„ Proceedings of the Royal Geographical Society. New Series, Vols. II, No. 12,

and III, No. 1 (1880-81), 8vo, London.

The Society.

„ Journal of the Society of Arts, Vol. XXIX, Nos. 1465-1476 (1880-81), 8vo,

London.

The Society.

„ Quarterly Journal of the Geological Society of London, Vol. XXXVI, No. 144.,

with list of Fellows for 1880 (1880), 8vo, London.

The Society.
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Madrid.—Boletin de la Sociedad Geografica de Madrid. Vol. IX, Nos. 4—6 (1880), 8vo,

Madrid.

The Society.

Manchester.—Memoirs of the Literary and Philosophical Society of Manchester, 2nd

Series, Vols. I and XIII (1805 and 1856), and 3rd Series, Vol. VI

(1879) , 8vo, London.

The Society.

„ Proceedings of the Literary and Philosophical Socioty of Manchester.

Vols. XVI (1877) to XIX (1880), 8vo, Manchester.

The Society.

Transactions of the Manchester Geological Society, Vol. XVI, parts 2 & 3

(1880-81), 8vo, Manchester.

The Society.

Melbourne.—Reports of the Mining Surveyors and Registrars for quarter ending 30th

September 1880, (1880), f'cap., Melbourne.

Mining Depabtmknt, Victoria.

Montbeal.—Geological Survey of Canada. Report of Progress for 1878-79 (1880), 8vo.,

Montreal.

Geological Sueveyof Canada.

Moscow.—Bulletin de la Socie'te' Imperiale des Naturalistes de Moscow, Vol. LV, No. 2

(1880) , 8vo, Moscou.

The Society.

Munich.—Abhandlungen der Math.—Phys. Classe der K8nig. Bayerischen Akademie der

Wissenchaften. Band XIII, Abth. 3. (1880) 4to, Miinchen.

The Academy.

„ Sitzungsberichte der Mathematisch—Physikalischen Classe der K. B. Akademie

der Wissenschaften. Heft 2—4. (1880), 8vo, Miinchen.

The Academy.

„ Ueber den Geologischen Bau der Libyschen Wiiste, (1880) 4to pht, Miinchen.

The Academy.

Neuchatel.—Bulletin de la Soci&e' des Sciences Naturelles de Neuchatel, Vol. XII, pt. 1,

(1880) 8vo, Neuchatel.

The Society.

New Zealand.—Fifteenth Annual Report on the Colonial Museum and Laboratory, (1880)

8vo, New Zealand.

The Museum.

Paris.—Bulletin de la Socie'te' Geologique de France, 3rd Series, Vol. VI, No. 10, Vol. VIL

Nos. 6 and 8, 1878-79 (1880), 8vo, Paris.

The Society.

Philadelphia. —Journal of the Franklin Institute, 3rd Series, Vol. LXXX, No. 6, and

Vol. LXXXI, No. 1 (1880-81), 8vo, Philadelphia.

The Institute.

Pisa.—Atti delta Socicta Toscana di Scienze Naturali. Processi Verbali, 14 Novembre 1880

and 9 Gennaio, 1881 (1880-81), 8vo, Pisa.

The Society.

Rome.—Atti della R. Accademia dei Lincei, 3rd Series. Transunti, Vol. V.fasc. 1—6, (1881)

4to, Roma.

The Academy.
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Salem.- Bulletin of the Essex Institute, Vol. XII, Nos. 7-9, (1880) 8vo, Salem.

The Institute.

Stockholm.—Angblin N. P. & Lindstböm. G.—Fragmente Silurica (1880), fol.

Holmise.

The Royal Academy, Stockholm.

Angelin P. N.— Palaeontologia Scandinavica. Part I (1878), 4to, Holmia?.

The Royal Academy, Stockholm.

St. Petebsbubg.—Bulletin de L'Academie Imperiale des Sciences de St. Petersbourg, Vol.

XXVI, No. 2 (1880), 4to, St. Petersbourg.

The Academy.

„ Me'moircs de L'Academie Imperiale des Sciences de St- Petersbourg, Vol.

XXVII, Nos. 5—12 (1879-80), 4to, St. Petersbourg.

The Academy.

Vienna.— Denkschriften der Kais. Akademie der Wissenschaften. Band XLI. (1879) and

XL and XL1I (1880), (1879-80), 4to, Wien.

The Academy.

„ Sitzungsbericht der Kais. Akademie der Wissenschaften.

Band LXXIX, Abth. I, heft 1—5 ; Abth II. heft 4—5.

Band LXXX, Abth. I, heft 1—5; Abth II. heft 1—5, and

Abth, III heft 1—6.

Band LXXXI, Abth. I, heft 1—5 ; Abth. II, heft 1—5, and

Abth. III, heft 1-5.

Band LXXXII, Abth. I, heft 1—2 ; Abth. II, heft 1—2, and

Abth III. .heft 1—2,

Register zu den Baendeu 76 bis 80 (1879-80) ; 8vo, Wien.

The Academy.

„ Verhandlungen der K. K. Geologischen Reichsanstalt, Nos. 15—17 (1880), and

Nos. 1—3 (1881), 8vo, Wien.

The Institute.

Washington.—Bulletin of the United States Geological and Geographical Survey of the

Territories, Vol. V, No. 4 (1880), 8vo, Washington.

The Suevey.

Wellington.—Pabeontology of New Zealand, Part IV. Corals and Bryozoa of the Neozoi

Period in New Zealand ; by Revd. J. E. Tenison-Woods (1880), 8vo,

Wellington.

Geological Suevey, New Zealand.

Yokohama.—Mittheilungen der Deutschen Gesellschaft für Natur und Völkerkunde

Ostasiens, Heft XXII, Dec. 1880, flsc. Yokohama.

The Society.

„ Transactions of the Asiatic Society of Japan, Vol. VIII, pt. 4 (1880), 8vo,

Yokohama.

The Society.

MAP.

Wyld, James.—Map of the Gold Fields of Southern India (1880), London.

April 9th, 1881.





RECORDS

OF THb

GEOLOGICAL SURVEY OF INDIA.

Parts.] 1881. [August.

Artesian Borings in India.—By H. B. Medlicott, m.A., Geological Survey

of India.

In snch a thirsty land as India the late success of artesian borings at

Pondicherry has naturally raised the question—Why has not this source of water

been sought for all over the country ? The best answer to this question is to

show how many trials have been made. Several of them were on a much greater

scale than the Pondicherry borings, and such as was reasonably considered ade

quate to ensure success. The failure, as not certainly due to natural causes,

has by no means settled the condition of supply, even at the localities where the

borings were made, although proving it to be less accessible than was hoped

for. A selected collection of these scattered records cannot fail to be of use for

future guidance, and a brief discussion of the conditions may help in the same

way.

2. The Artesian well.—The simple phenomenon to which artesian wells are

due is of very common occurrence in ordinary wells sunk below the sub-soil

water : whenever, as frequently happens, the water rises at once to a higher level

than that at which it was struck. When the ascensional power is sufficient to

bring the water up to or above the surface, the well is called artesian, from the

province of Artois, in France, where such wells have been used from remote

times. Where such a source can be found, it is manifestly sufficient to tap it by

a boring, the dimensions being regulated according to the discharge required.

3. The popular explanation : two classes of conditions.—The familiar explana

tion of this action, and indeed the only one mentioned in many books,' is some

what misleading, as being but a special case of the required conditions. If an

elastic tube be filled with water and allowed to hang in a loop or curve ; if then

the tube be punctured on its upper side, the water will spout up from the holo

with a force proportional to the position of the pnnctnre below the level at which

the water stands in the tube. This illustrates the example usually given of

artesian conditions ; where the water-bearing stratum lies in a basin, whether

from the original conformation of the area of deposition, or as induced by dis

turbance of the deposits. Such foatures are, however, of the rarest, in any verna-

1 As in the latest edition of the Eiicjclopasiliii Iiritfunicn.
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cular sense of the word basin. Most of the so-called basins have one or more sides

wanting, and are, in fact, compound inclined planes. This popular view of

artesian borings would not evenjmmd facie apply to the majority of cases, nor

to any trials that have been made in India. The fiction and its misnomer may,

however, be retained to denote the important class of cases where the artesian

conditions have been largely produced by disturbance, causing partial upheaval

and visible bending of the strata, in contradistinction to the other great .class in

which the simple inclined (flatly curved) plane of original deposition is the pre

vailing condition, although the only examples of complete ' basins ' would be

found in this latter class, in the case of filled-up and dried-up water basin.

4. The primary conditions : as produced in nature.—The essential conditions

of the phenomenon are fulfilled whenever a body of water confined in an in

clined channel, of whatever dimensions, is arrested or retarded by a total or

partial obstruction in its progress to its point of discharge, so as to be pressed

back above that level ; a state of permanence being attained when the increase

of pressure so produced causes a discharge equal to the supply of water at the

upper end, or when overflow takes place there. These conditions are produced

continually in nature by the ordinary process of formation of sedimentary rocks,

independently of any turning np of the strata either from the original form of

the floor of deposition or by subsequent disturbance. Even in an open water

basin the formation of strictly horizontal deposits is a very exceptional occur

rence, for there is always greater deposition on the side from which the sediment

is derived. It is similar in the case of deposits formed above water level by

the action of rain and rivers, of which we have such extensive instances in

India ; accumulation takes place most rapidly in the border zone where the

denuding action of these agencies changes into one of deposition ; and thus do

alluvial plains present a constantly increasing slope from the sea-margin to the

foot of the uplands whence their materials are derived. In this way the first

condition of artesian springs is established originally in all sedimentary rocks,

in the prevailing slope of deposition ; subsequent disturbance would generally

increase this condition of slope or ' fall.' The other conditions are also often

aboriginally provided for in stratified rocks : in the distribution of coarse and

fine deposits by alternation, or by the latter covering the former, the confined

water channel is produced ; and the usually greater accumulation of the coarser

materials at and near the higher marginal zone of the so-called basin ensures the

retarded discharge and the consequent accumulation of water at a higher level,

which is the active factor in artesian springs.

5. Experimental illustrations.—-The foregoing statements may be made plain

by the following experimental facts. 1 A leaden pipe of half-inch bore and about

7 feet long was placed on an inclined board, raised 15 inches at one end, making a

1 1 am much indebted to my colleague, Mr. F. E. Mallet, for his assistance in making these

experiments. Simple as they are, great care is needed to ensure accurate and comparable results.

If by inattention the feed of water falls for an instant below the full supply, air enters the pipe

and becomes entangled in the wet shot, and the whole bos to bo charged again with dried shot in

n dry pipe : and this has to be done at every chango of experiment. Tho water should be first

let in from below and very gradually,
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Fig. 1. Pipe filled with small shut

 

Flg\ 2 Pipe filled witiri small shot

 

Fig. 3 . Pipe with small shot below a- and large above a .

 

Fig 5. Pipe with small shot to a. none above a

 

Fig 6 . Pipe with small shot below a , and 'arge shot above
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slope of about 10 degrees, as shown in figure 1 of the annexed plate. Arrangement

was made for a constant supply of water, according to demand, at the upper

end. At intervals of about 19 inches from the lower end of the pipe, holes wero

made on the upper side, in which glass tubes were fixed, reaching to the height of

the upper end of the pipe. In the free pipe so placed, with a full supply of

water at the upper end, there was a discharge of 322 cubic inches per minute. The

pipe was then filled with small shot (No. 8), and the feed water being kept

strictly level with the surface of the shot at the top, there was only a discharge

less than 5 cubic inches per minute. In neither of these cases, i.e., while the

pipe was quite straight, whether with the water rushing through the free pipe or

slowly percolating through the shot, was there the slightest tendency of the water

to rise in the glass tubes ; because the conditions of discharge were the same at

every point of the pipe—there was nowhere any inactive pressuro or vis a tergo

produced by the retardation of the uniform flow. Now it is plain that the dis

charge of the pipe depends upon three factors—its slope, the porosity of its

contents, and the sectional area of the pipe ; and the effects of these three factors

are separately made visible in the following experiments. The pipe was bent at

the upper end, giving it a gradually decreasing slope to near the third tube. Shot

(No. 8) was again filled in, as in the preceding experiment, and water laid on

and maintained at the exact upper surface of the shot, when a considerable rise

took place in the three glass tubes as represented in figure 2 of the annexed

plate, drawn to a natural scale of about -55 th.1 These tubes represent artesian

wells, and the rises that would take place in corresponding relative positions.

The only change in this experiment from the previous one is the increased poten

tial discharge in the upper part of the tube owing to increased slope ; this flow is

obstructed and retarded by the decreasing slope below, and thus a pressure, or vis

a tergo, is produced throughout the whole pipe, causing the rise in the several

tubes. In the preceding paragraph it was shown that this condition of increased

slope towards the source is normally produced in the formation of sedimentary

rocks. The next experiment (case No. 3) shows the effect of unequal porosity, all

else being as in case No. 1. The pipe was charged with No. 8 shot to between the

first and second tubes, and then filled up with much larger shot (BB). The rises

that took place are shown in figure 3 ; they can only be due to the checking of the

greater potential discharge of the more porous upper part by the less porous lower

part of the pipe. This condition too is a normal result of sedimentary formation :

the finer material being swept on to the lower or more distant position. To show

the independent effect of a change of capacity in the water stratum, a pipe of

one inch bore was joined to the smaller pipe, between the first and second tubes,

and the whole compound pipe filled with the small shot (No. 8), as in case No. 1.

The effect, shown in figure 4, was much stronger than in case No. 3, no doubt

in exact proportion to the greater potential discharge of the one-inch pipe charged

with No. 8 shot over that of the same length of half-inch pipe filled with BB shot.

1 It is interesting to observe that in this experiment the line joining these heights is straight,

and that its prolongation intersects the two terminals of supply and discharge. This fact was

continued when the head wns raised to 20 inches and lowered to 10 inches, so, within the range of

these experiments, it indicates a law of the conditions.
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This condition also would be a normal result of the process of rock formation ; the

greater accumulation of coarse materials at the upper margin of deposition would

give a vastly greator sectional area to the water strata in that position, thinning out

indefinitely beneath the finer succeeding deposits. Numerous other experiments

were made, from which I select two : one to show the extreme limit of condition

No. 3 ; the upper part of the pipe was left free of shot, when the rise in the tubes

was, of course, very great, as shown in figure 5. The combined effect of cases 3

and 4 are shown in figure 6, when the larger pipe was filled with BB shot.1 As

occurring in nature these several conditions are of course almost infinitely varied,

and beyond all possibility of accurate detection from the surface; but throughout

every complication the total result must rigourously conform to the laws indicated

in the foregoing experiments.

6. Practical difference between basins of disturbance and of original deposition.—

The simplicity of the primary conditions that have been shown to govern the

action of artesian wells might lead to very false expectations as to the ease and

certainty with which such wells may be established. It needs some knowledge

of geology to be aware of all the chances that may intervene to frustrate the

best laid hopes, and how those hopes have in the first instance to be based upon

inferences that are far short of certainty. In this respect there is much differ

ence in the data of observation between the two classes of sources I have indi

cated, those entirely dependent upon original conditions of deposition, and those

which are largely due to subsequent disturbances of the strata. In the latter

case it would seem as if additional complications were introduced : and to a

certain extent this is true, for such strata are affected by fissures and disloca

tions from which difficulties the undisturbed deposits are free. But on the whole

there is a balance of available information in favour of the more complicated

structure.

7. Examples.—The contrast can be illustrated from familiar examples. The

strata from which the deep artesian sources of London and Paris are derived

are turned up and exposed in the country surrounding the valleys of the Thame8

and the Seine. The sequence of the strata on both sides can thus be observed

and compared, and a fair opinion formed as to the water-bearing strata, and as to

the depth at which they will be found within the basin. It is obviously different

for deposits that still lie in their basin of formation. Here only the topmost

beds are visible, and we can have no actual particulars, unless by trial sinking,

as to the composition and depth of what lies below the surface. It is quite cer

tain, however, that on the whole they are made up of alternations of porous and

non-porous materials ; and in the case of river valley deposits there is a further

1 In the figures the actual readings (reduced to a constant head level) are recorded, and the

apparent anomaly may be noticed in some cases of a rise in the npper tube, actually higher than

the level at the head. In case 5 this amounts to nearly four tenths of an inch. In this experiment

the feed was managed by a siphon, regulated by a pinch-cock, from a water surface about 4 inches

higher than the top of the pipe, the lower end of the siphon being close on the surface at the

top of the pipe ; the increased rise in the tube was evidently due to the continuous impact of the

tiny jet of water by which the feed was sustained. To minimise this interference nu intermediate

cistern was introduced, having an overflow to ensure a constant surface nt about 1 inch over

the top of the pipe : but even with this arrangement the effect was still observable, as in cose 6.
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presumption that the bottom beds, formed largely of the debris of local rocks,

would be coarse and porous, while, as the deposits accumulate and spread at

higher levels, finer sediment would predominate : one might travel over the

plains of India, from the delta of the Ganges to that of the Indus, without finding

a transported pebble larger than a pea. Accordingly, it is a matter of very

wide experience that artesian springs are abundantly yielded by such recent

deposits. Those of Lombardy, of the Sahara and of Pondicherry are of this

nature.

8. Older rock-basins in India.—There are in India several large areas occupied

by old formations having a general synclinal disposition. This distribution of

the rocks in isolated basins is quite a general feature of Indian geology, and

it cannot be asserted as impossible that there should be artesian sources within

some of these basins. In the south there are the Kadapah, Kaladghi, and

Bhima areas in which the strata dip inwards from a rim of gneiss, but the rocks

are too much indurated to be properly porous, and the frequent local contortions

within the basin would otherwise disturb any calculation as to the continuity of

any particular group of beds. In the north there is the great area of Upper

Vindhyan rocks, stretching from Behar round by Sagor to Dholpur. The com

position of the series, in thick alternating ' masses of sandstones and shales,

presents the most favourable original conditions for the retention of underground

water; and the lie of the strata is equally propitious, with a gentle inward slope

on all sides. But here again the rocks are in too advanced a state of indura

tion ; none of them are porous in the degree required for a prolific water stra

tum, so that, unless the supply were aided by fissures or other accidents, it could

scarcely be counted upon. A more direct cause of failure at many points of the

area would be found in the elevated position of the rock basin, which is orogra-

phically a plateau. Thus, although the outcrops of the several lower groups on

the borders of the area are higher than much of the surface in the centre, most

of the rivers drain across the northern scarp in deep gorges or canons, which

would afford a natural outlet for percolation from those groups at a lower level

than the upland plains.

9. Secondary rock-basins in India.—Some of the objections made in the case

of the older rocks would not apply with the same force to the great series

of secondary rocks known as the Gondwana system. This also is distributed

throughout the northern half of the peninsula, in more or less isolated basins,

partly of original limitation, but a good deal affected by subsequent compression.

It is composed largely of massive sandstones with subordinate clays, all in a

much less advanced state of consolidation than are the Vindhyan rocks, but greatly

more compacted than the upper secondary strata from which the deep artesian

springs of the London and Paris basins are derived. The least permeable beds

are, however, those at the base of the series. Although these generally include

a great conglomerate, the ' boulder bed ' of the Talchir group, supposed to be

in some degree of glacial formation, the matrix of this bed is a fine silt, quite

impervious to water. Still, in certain positions, it is not impossible that artesian

springs might be forthcoming in these rocks : thus, in a south central position

in the Raniganj basin, a boring that penetrated below the ironstone-shnlcs



810- [vol. xiv.ReeoriJg of the Geological Survey of India.

(supposing them to be continuous) might tap water that would rise to the surface.

Another perhaps more likely position may be noticed in the interior valley along

the northern edge of the Satpiira basin, where the Denwa clays are supposed

to be underlaid by an attenuated extension of the Pachmari sandstone, which

rises into high hills immediately to the south. I mention this ground because

partial trials were made here in the borings for coal at Khapa and Manegaon,

the former to a depth of 720 feet, the latter to 420 feet. But in neither case

did any water rise to the surface, although in the Khapa hole an ingress of

sand and water under pressure occurred at some points, necessitating the use of

piping to a depth of 270 feet. It is rather to be hoped that no such store of

water does exist in these deposits, as it would be a serious obstacle to deep min

ing, which may at some future time be undertaken. I am unable to quote any

instances of an artesian boring in rocks that had undergone a considerable

degree of induration. This state almost precludes the conditions required for

artesian springs : porosity in an adequate degree can hardly exist, and the water

circulation is relegated to cracks and fissures which affect the indurated im

pervious beds as well as the originally porous ones, so that the water distribution

becomes promiscuous instead of in sheets.

10. Inquiries made in Madras in 1864.—In 1864 anxious inquiries were made

by the Government of Madras as to the prospect of artesian borings in certain

districts especially liable to drought, as specified in the subjoined letter :—

"From Secretary to the Board of Revenue, to Seoretary to Government, dated Madras,

25th April 1864.

" Sib,—I am directed by the Board of Revenue to submit, for the consideration of Govern

ment, that it is expedient to make a thorough trial of the artesian well system in such parts

of the country as, in communication with the Geological Survey Department, may be

deemed most favourably circumstanced for the purpose.

" The actual and serious deficiency of water for drinking and domestic purposes be

comes painfully conspicuous in a season of drought such as the present, and so far as the

Board can judge, the evil is greatest in localities which hold out fair promise of success to

the proposed experiment.

" They may instance Coimbatore in the neighbourhood of the Neilgherry range, Bellary

not far from the Ramandroog range, and parts of Kadapah, which are generally in sufficient

proximity to hilly tracts to indicate primd facie that the system might succeed.

" The Collectors could point out to the Geological Department the exact spots where

the want of water is most keenly felt, when in the hot and dry season villagers have daily

to travel some miles to obtain drinking water, and not unfrequently have to pay for it to

the fortunate possessor of a spring, small tank, or well ; and the Board believe that the

Geological Surveyors could without much labour determine whether the contour and strati

fication of the country allowed hope of success for artesian wells."

In two of the districts mentioned, the hills, which were pointed out as possible

sources of artesian springs, are entirely, as well as the ground beneath the plains,

of crystalline metamorphic rocks. In the third the rocks are slates and quart-

zites of the transition series, in which the prospects are scarcely better. In con

nection with these inquiries two deep borings were recommended by Captain F.
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Fischer, R.E., to be made in the Bellary district, and the work was sanctioned by

the Madras Government but they were not carried out, from want of funds.8

11. Borings in tertiary rocks at Oogah, Guzerdt.—The only artesian boring

in India in rocks older than the alluvium that I can find mention of is one at

Gogah (Gogo), a little promontory in the Gulf of Cambay, on the east coast of

Kattywar, in Guzerat. It was put down in upper tertiary rocks, the same as those

so well known for their fossil mammalian remains in the Island of Perim, 6

miles distant to the south-east. A notice of it is recorded in the Journal of the

Asiatic Society of Bengal for 1837 (Vol. VI, p. 786), by the officer in charge,

Lieutenant George Fulljames, presumably the originator of the enterprise. A

full section of the boring is given, to a depth of 335 feet, the work being then

in progress, but so far without result.3 The section in the boring is not

altogether unfavourable ; in the lower portion there is a great preponderance of

" stiff blue clay," which would form a thorough cover for any water-bearing bed

below it ; but there seems little or no prospect of success in such a position, at

least from the tertiary beds themselves. These lie flatly, or with a gentle easterly

slope of original deposition, but they are only a fringing belt on the Kattywar

coast, forming very low ground. Inland from Gogah they extend for about

5 miles, where they rest upon a denuded surface of the Deccan trap, so that their

immediate catchment area is very small, and the possible supply from drainage

is also very restricted, for at about 12 miles from Gogah the trap forms a small

range rising to a summit of 986 feet. The bedding in this rock is either hori

zontal, or, probably, having a low westerly inclination. The rainfall, moreover,

is small, seldom exceeding 20 inches. All things considered, the best chance of

an artesian spring at Gogah would seem to be the possibility of a supply in the

1 Order No. 1895, dated 14th October 1864.

3 Proceedings, Government of Madras, No. 138, dated 14th January 1865.

3 My inquiries as to any further knowledge of this boring has elicited the following interesting

information from the Public Works Secretariat, Bombay, dated 29th June 1881 :—

" In reply to your letter No. 162, dated 12th May 1881, I have the honour to state that

Lieutenant Fulljames' report cannot now be traced, but that it appears that from 1831 to 1837-38,

an outlay of Ks. 65,163 was incurred in boring experiments in Guzerat, Kolaba, the Southern

Maratha country, and Poona.

" As regards the experiments in Guzerat, the Collector of Ahmedabad in a report, dated 14th

March 1842, stated as follows :

* With respect to the advantages which have hitherto attended the experiments, I take this

opportunity of observing that, although a moderate supply of sweet water may generally bo

obtained by this means in the Dholka Purgunna, and undoubtedly in years when the monsoon

fails and water is not procurable under any circumstances, the benefit to those villages where a

bore has been successful cannot be too highly appreciated, yet on the whole I am of opinion their

success cannot be considered to have been commensurate with the expense, including the risk of

failure which attends them.'

" At Poona the operations were discontinued in consequence of the little prospect of success

arising from the unfavourable nature of the strata. At Kolaba also the attempt proved an entire

failure.

" Further search will be made for Lieutenant Fulljames' report, and if forthcoming copies

will be duly transmitted to you."
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bottom beds, derived from the trap ; or, more remotely still, from the opposite

side of the basin of deposition, 50 miles to the east, where lower tertiary strata

rise to some little elevation at the base of the Rajpipla hills, formed of the

Dcccan trap. These two suggestions illustrate the considerations that may,

as a last resource, be taken into account in speculating upon artesian sources.

12. Alluvial plains.—The want of water is nowhere more felt than in parts

of the great alluvial plains of India, and all the deep borings in Northern India

have been made in that region. None other offers such a fair prospect of sue.

cess although hitherto the results have been disappointing. The plains are

correctly spoken of as alluvial, as being still more or less subject to increase

from inundation or atmospheric action ; but these surface deposits are often

in continuous sequence with similar underlying strata of great thickness, and,

no doubt, ranging in age to early pleistocene times. These alluvial areas

may be distinguished as of two kinds : there are extensive upland valley plains,

entirely encompassed by hills or low rocky outcrops ; and the plains of the great

rivers terminating on the seaboard.

13. Midland plains : the Narbada Valley : surface features.—Of the midland

plains we have a good example in the country known as ' the Narbada Valley,'

in the centre of the peninsula, stretching for about 200 miles between Jabalpur

and Harda, with a width of about 20 miles. The elevations of these two places

are 1,351*51 and 946-75 feet,1 giving a total fall of a little over 400 feet, or aty-jut

2 feet per mile. The cross-section of the valley equally indicates that its surface

is due to actual, or very recent, alluvial conditions : although the main river,

the Narbada, enters the valley from the southern hills, at the east end, its course

throughout the valley keeps near to the northern side, a fact no doubt connected

with the much greater influx of detrital matter from the south. The watershed

on the north is along the Vindhyan scarp, immediately overhanging the valley,

while the southern affluents of the Narbada drain a large area of the Satpura

range, composed of much softer rocks than the Vindhyans. On the branch line

to the Mohpani coal-field there is a fall from 1,242 feet, at the foot of the

southern hills, to 1,157"72 at Gadarwara junction, in a length of 11 miles, or

about 7 feet per mile.

14. Recent erosion and its cause.—Although the deposits of the Narbada

Valley are the work of the existing rivers, we have to note this primary result

as completed, so far as the chief rivers are concerned, and as having already

undergone modification of a most important kind as regards artesian springs.

The Narbada and all ite main affluents now flow in permanently defined channels

well below the general surface, and never inundate the adjoining plains, which

are now undergoing denudation rather than increase, unless in the immediate

neighbourhood of the hills. Such a change in the mode of action of rivers imme

diately implies a greater total of carrying power in the annual discharge of

water ; and this may be due either to an increased fall, or to an increased volume

of water, or to a change in the regulation of the same total discharge from a

distributed gradual escape, largely by percolation, to one taking place in concen-

1 These elevations were kindly givcu to me by Mr. J. H. Edwards, District Engineer, G. I. P.

Railway, at Jabalpur; they refer to the level of the rails above menu sea datum-level.
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trated floods. It is scarcely doubtful to which of these causes the actual con

ditions are to be assigned. An increased fall, whether by a lowering of the

level of escape, or by a rise of the area of snpply, would almost surely be detect

able in the inequality of its effects at different points of the basin, either in the

work done by the main river or of its affluents on either side ; whereas tho

observed conditions of recent erosion occur about equally all over, where each

stream enters the valley, as much as at the final point of discharge. The second

cause may also be laid aside ; there is nothing to support the supposition of a

great increase of rainfall in late times. There is much reason to think that the

effect under notice is attributable to the third cause mentioned, the increased

rapidity of escape of the periodical rainfall, this being due to tho progressive

deforesting of the land since prehistoric times with increase of population. Tho

effect of this upon artesian springs will be mentioned presently.

15. Underground features of alluvial valleys.—If we now attempt some con

jectures as to the underground conditions upon which the chances of a water

snpply so much depend, we are at once confronted by the obscurity mentioned

in para. 6. A first presumption regarding an alluvial valley is that it had

under other conditions been excavated by the agencies which are now filling

it up, the change of operation having been effected either by a suitable move

ment of the ground, or simply by the backward growth of deposits from

the delta. Under this latter simplest, and perhaps commonest, condition of

al'.uvial deposition, one assumption can be made regarding the depth of tho

deposits, that the maximum depth in any cross-section is less than that of any

cross-section below it (down-stream) ; i.e., that the alluvial area is not a ' rock-

basin '—one in which the bottom of hard rock is cup-shaped, with interior

depths greater than the lowest point of the enclosing barrier.1 But this relative

information is of no practical value without a knowledge of tho maximum depth

at any cross-section. A further uncertainty arises from the great irregularity

of surface-form produced by subaerial denudation, according to the texture and

posture of the rocks acted on. For instance, the upper valley of the Damuda,

between the gneissic plateaus of Rdnchi and Hazaribagh, is chiefly occupied by

detached basins of Gondwana strata, which the river and its affluents have

carved into hills of various shapes, leaving some central masses of sandstone

nearly as high as the adjoining uplands of metamorphic rocks. If this valley

were to become filled with alluvium, the future well-sinker might think himself

safe in choosing a central position for his boring ; and at many places he might

sink successfully to a depth of several hundred feet, whereas not far off, in what

he might think more open and safer ground, his rods would strike rock near

the surface, on what are now the Lagu and the Maudi hills of Gondwana sand

stone. Thus, to return to tho actual case of tho Narbada Valley, the fact that

outcrops of rock only occur near to the north or south boundary, gives very small

presumption as to the depth of the deposits at any point.

16. Exemplified by the Narbada Valley.—Other causes besides tho simple ones

just mentioned, and more local in their effects, may have contributed to bring

1 This is, of course, only true generally, and within moderate limits, for it is common to find

in river beds a deep pool above a rock barrier ; where soft or decomposable rock occurs above .that

forming the barrier; and it would bo difficult to assign a limit to this action.

B
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about the formation of an alluvial basin and to complicate the underground

features. The Narbada Valley would seem to be a case in point ; its history is

evidently very intricate and as yet imperfectly made out ; but it will serve to

illustrate the point under discussion. The alluvial area occurs where the river

valley lies between Vindhyan rocks on the north, forming the plateau of Milwa,

Bhopal, and Sagar, and Gondwana rocks on the south, forming the highest portion

of the Satpura range. It is thus at once evident that we are in the neighbour

hood of important structural features ; that the valley here is not simply one of

erosion in the same geological formation. The severance of these two great

sedimentary series on opposite sides of the valley is complete, no remnant of

either being found near the other ; and it is doubtful if they were ever in con

tact in this region. They both rest with total unconformity upon the same

transition and gnessic rocks, which are seen at a few places on .the borders of the

valley and might thus appear to form the bed of the alluvial basin. Both the

Gondwanas and the Vindhyans, within their respective areas, have undergone

comparatively little disturbance ; but on the margin of those areas, i.e., next

the valley, there is much local contortion in each of them. This circumstance

has given rise to speculation aa to the present limits of the sedimentary forma

tions being due to great movements of downthrow, to the north on the side of

the Vindhyans, and to the south on the side of the Gondwanas—a supposition

which implies that the ground now occupied by the valley had been a position

of relative upheaval. Closer examination has not confirmed this view : at several

points the upper beds of the Gondwana series are found lapping round the

low hills of metamorphic rocks on the margin of the valley, proving that the

original limits of the deposits were approximately where we now find them.1

The case is not so clearly made out for the Vindhyans, but the fact that the

shales which form such a considerable proportion of the series within the basin

are scarcely, if at all, represented along the southern margin, points strongly to

a similar conclusion as for the Gondwana boundary. Oh this view then we have

to presume that in Vindhyan, and still later in Gondwana times, there existed a

range of older rocks where now lies the Narbada Valley—a view only a degree

less embarrassing than the former supposition of its having been a position of

actual upheaval in still later times. Had we no further facts to deal with, we

should only have to work the problem by the well-known condition that rocks

in a high state of chemical combination, such as the metamorphic rocks, are

much more subject to decay, especially under the influence of vegetation, than

the deposits which are the immediate residue of that decay.

17. Continued.—There is,' however, later information regarding the history

of the valley. At several points along the south margin, bedded basaltic rock is

found beneath the alluvium, outside (in front of) the fringe of metamorphic

rocks which support the scarp of Gondwana sandstone. From this we mast

conclude, either that the Narbada Valley existed to a greater depth than at

present, in middle cretaceous times, before the outburst of the Deccan trap, when

it became filled up by this rock, which undoubtedly was once continuous across

it connecting the points where it is still found capping both the Vindhyans and

1 For details of this feature, see Mem., G. S. I., Vol. X, Sec. 10, p. 164.
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tho Gondwanas on either side of the valley ; or else, this now low-level trap had

overspread the upland of metamorphic rocks that formerly must have separated

the Vindhyan and Gondwana basins, and have been let down by a fault close

along the present south edge of the valley. There are facts in favour of both

views, and it is probable that the result is partially due to each condition. It is

very probable that the ridge of old rocks had undergone very extensive decay

and erosion before the advent of the basaltic outflow, as had undoubtedly taken

place in the adjoining area of similar rocks to the north of the Vindhyan plateau

in Lower Bundelkhand. That area had certainly been occupied by hills of gneiss

when the Vindhyans were deposited,1 and it is equally certain that at the

Deccan trap period it had been reduced to about its present level, the basalt

being found in the low ground continuous with that on Vindhyans of the Sagar

plateau (I. c, p. 16) ; and that result was chiefly, if not wholly, due to simple

weathering (I. c, p. 95). We might then suppose that the same had occurred in

the case of the Narbada Valley, and that its re-excavation in the basaltic rock,

on the old lines, was simply the effect of denudation. There would be nothing

very forced in such a supposition, and, indeed, to a great extent it has to be

adopted, but there are other facts that would not thus be accounted for.

18. Continued: the Sukakheri and Gddarwdra borings.—The facts just referred

to could not have been discovered from any observations at the surface ; they have

been brought to light by some trial borings for coal. It was conjectured that

the Gondwana coal measures might have extended into valleys of the metamor

phic hills, which formed the general boundary of the basin in this position, and

borings were undertaken in the alluvium in front of the Mohpani coal-field ; one

at Sukakheri, 3 miles from the hills, and one at Gadarwara junction, 11 miles

from the hills. The latter was sunk to a depth of 251 feet, and the former to

491 feet, altogether in alluvial deposits. The operations could not be carried

further, and practically they answered the purpose for which they were under

taken, for it would scarcely be profitable at present to sink for coal through such

a thickness of soft rock ; but, of course, it still remains unknown what formation

underlies the valley deposits at these points. The discovery of the great depth

of the alluvium is, however, in itself a very interesting and unexpected fact, as

showing that the alluvial basin of the Narbada Valley is a rock-basin of con

siderable depth. The rock-bed of the Narbada at Hindia, a few miles north of

Harda, may be about 100 feet lower than the surface at Harda ; and thus it

would be nearly 150 feet higher than the bottom of the bore-hole at Sukakheri

(where the rock had not yet been touched), at a point 115 miles higher up the

valley; and it cannot be assumed that the Sukakheri boring chanced upon the

deepest point of the alluvial deposits. It may thus be fairly presumed that

special subsidence contributed to the formation of the valley; and this contribu

tion must have been made at a comparatively recent date, for it is introduced to

account for the depression of the actual rock-surface beneath the alluvial cover

ing. Direct observation gives support to this supposition. Although, indeed,

we find (as at Mohpani) the basalt resting upon crushed and denuded lowest

Gondwana beds close in front of the cliff of Upper Gondwana sandstone—show-

1 Manual of Goology of India, p. 87.
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ing that much of the disturbance and erosion affecting this formation had taken

place before the Deccan trap period—yet there are numerous sections on the line

of the southern edge of the Narbada Valley to show that the trap itself has

undergone much displacement in that position.

19. Continued : special obstacles to artesian springs.—So much then for the

geological discussion of the facts ; we may now look to their bearing on the

artesian well question. We are assured of a basin of quite unexpected dimen

sions, and most of the surface conditions seem favourable, yet in two borings of

very considerable depth no sign of an artesian spring occurred. This would, in

deed, be fully accounted for by the fact that neither boring passed through or

touched any bed of porous material. An occasional pebble was brought up, but

the whole mass passed through seems to consist of more or less impervious clay.

I find it recorded in the boring journals that the hole had partly filled up again

and had to be cleared out, but this seems to have occurred wbere the rods were

far (sometimes 50 feet) ahead of the tubing, a fact in itself sufficiently proving

the tenacity of the ground. We might then consider the question as unaffected

by these experiments, but I think I can point out a circumstance which would,

independently of the condition of a porous water-stratum, prevent the occur

rence of an artesian spring at the general surface level of such a valley as this,

which is, I imagine, as regards superficial features, typical of the midland allu

vial areas of India. The level to which water would rise in a boring depends

primarily upon its level at theliead of supply ; now although Sukakheri is 70 feet,

and Gadarwara 84 feet, lower than the summit level on the branch railway close

to the foot of the hills, the Sitariva river where it enters the alluvium has cut

its bed down to about 100 feet below the same level. This, of course, acts as a

complete drain upon the accumulation of underground water to a considera

ble depth.1 The only chance then of a spring rising to the surface in such an

area would seem to be from a source far up the valley. I am not at all prepared

to say that the expectation of such a source would be unreasonable, but for the

probability that this pressure also would find a leak through bottom coarse

deposits to the sides of the valley at the lateral stream channels, and so undergo

constant adjustment to the fall. The cause of failure here noticed is analogous

to that pointed out for the old rock basins at the end of paragraph 8, and it is the

effect of the recent erosion described in para. 14.

20. Coastal alluvial plains.—The case of alluvial plains ending at the sea is

somewhat different from that of the upland valley plains. In these latter we can

seldom (previous to trial) count upon a greater depth of alluvial strata than the

level of the rock-bed at the point of discharge ; in the former case there is

no such limitation, and there would be a general probability of a depth increas

ing towards the sea margin. There would, moreover, be a less chance of great

inequalities of depth, for the floor upon which such deposits rest would for the

most part have been prepared by marine denudation, which does its work in a

more regular manner than atmospheric agencies. The prospect then of an

artesian boring in a coastal alluvial region would, as regards primary conditions,

be reduced to the consideration of the catchment area and rainfall.

'At a distance of a quarter mile the bed of the Sakar is 95 feet below the level at the

Ga'darwara boring.
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21. The Coromandel plains.—The successful artesian borings at Pondicherry

give a general illustration of the conditions under consideration, or at least of

one phase of them. The whole Coromandel coast is fringed with alluvium, al

though at intervals between the principal rivers rocks come close to the shore,

or even touch it at a few points. South of the Kistna none of the rivers of the

Peninsula are able to maintain an encroaching delta ; there seems a temporary

neutrality established between them and the sea, for on its side the sea does

no more than shake out and spread the alluvial matter it receives from the rivers,

so that the sea-bottom is almost a simple continuation of the alluvial plain. At

10 miles from the shore the depth only varies between 20 and 30 fathoms,

giving a slope of 1 in 400, or 15 feet in a mile. Under such circumstances

the shore line is very regular, almost straight, but inside it the rock margin of

the alluvial plain is most sinuous, retreating rapidly inland between the low

plateaus of tertiary sandstone that separate the main river basins back to the

upland of gneissic rock, and far up the valleys of the principal streams. From

these highest beginnings of the alluvial area the principal rivers are, or have

been till very recently, in the distributing phase of action, »'.«., sending off dis

tributaries, or flood-water subsidiary channels, any one of which may, according

to circumstances, be adopted as the main channel, the old one being abandoned.

This feature is a necessary condition of a depositing river, for when the stream

acts principally as an agent of erosion, it necessarily deepens its channel and

fixes its position permanently. Thus it is evident that this plain is of the most

recent formation.

22. The Pondicherry borings.—Pondicherry is situated on the shore, at the

extreme north-east corner of one of these plains, where the alluvium runs up

like a wedge between the sea and the rounded south-east edge of the low

plateau of tertiary sandstone, which is only 2 miles distant from the town.

To the south, for a width of about 15 miles, the plain has a depth (from the

shore line) of about 25 miles, with a mean slope of about 5 feet in a mile. To

all appearance Pondicherry is thus least favourably placed as regards an under

ground water-supply from the alluvium ; but Mons. C. Poulain, the enterprising

manager of the Savana factory, undertook the experiment with entire confidence,

and was rewarded with success. There are now three artesian wells in con

tinuous operation within a circle of 600 yards radius, close to the sea. The sur

face at the wells is only from 6 to 9 feet above mean sea level, the extreme tidal

range being (for Madras) 5 feet 4 inches. In one case the artesian water rose

to a height of 15 feet above sea level :—

Artesian wells at Pondicherry.

Position. Depth, feet.
Discharge,
gallons per
minute.

Diameter of temoerature,
tube, inches.

I.—Savana 174

119

261

30

100

1465

5-57

708

1023

914

II.—Upalem

III.—Jardin d'acclimatation 93-74
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Generalised section of well No. III.

Depth. Thickness. No.

Feet. Feet.

4 4 Soil.

14 10 1 Clayey sands.

27 13 2 Alternating coarse sands.

36 9 3 Black clay and fine saud.

40 4 4 Clayey sands.

52 12 5 Clean sand.

89 37 6 Black clays, some sandy.

101 12 7 Alternating sand and clay.

110 9 8 Sandy clay and sand.

158 48 9 Black clay.

180 22 10 Fine earthy sand.

198 18 11 Coarse sand, partly ferruginous.

217 19 12 White sand, earthy, and conglomeratic.

235 18 13 Sand and ferruginous grit.

242 7 14 Fine sand.

261 19 15 Sand, gravelly and ferruginous.

Decayed wood was brought up from several of these bands, 2, 5, 13, 14, and 15 ;

and also fragments of shells, presumably marine, from No. 9. There is a decided

correspondence in the sections of the three wells, the black clay bands Nos. 6

and 9 being well represented in all, and indicating a steady inclination to east

and south. In both the deeper wells decided artesian springs occurred at higher

levels than those at which the borings were suspended. The several discharges in

these three wells have no definite relation to the depths or to the capacities of

the tubes ; but it is evident that with the same statical pressure the discharge

would be largely affected by the porosity of the particular ground from which

the supply was received. All these wells have been working now for nearly

three years without any diminution. Formerly the dry-weather level of the

upper ground-water was a little below mean sea level, but since the wells

have been at work there has been a rise of between 2 and 3 feet in the ground

water attributed to the waste water from profuse irrigation from the wells.

A much deeper boring (to 550 feet) was executed in the Black Town, about

1,000 yards to the north of the other wells and proportionally nearer to the

edge of the basin, and more removed from the main alluvial area : at 540 feet

the water rose to within 3 feet of the surface with a discharge of 13 gallons

a minute : but no further success was obtained. The strata passed through

agreed with those in the other wells, the lower beds being all sandy, with

occasionally vegetable matter, as in the section already given.

23. Special condition of their success.—It is important to call attention to

a secondary condition of success in these Pondicherry borings, namely, the con

tinuous prolongation of the deposits to a considerable distance under the sea,

whereby the water of these springs at the shore line has still to force its way for

many miles before finding an escape. It is, I think, evident from the experi

ments described in paragraph 5, that, all else remaining as now, the spriags at

Pondicherry would cease to deliver water at the surface if the sea were to

excavate a moderately deep channel near the shore.
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24. Altered condition of the shore.—The frequent mention of vegetable matter

and 'decayed wood' at all depths in these borings is certainly suggestive of

shallow waters or even of terrestrial conditions, and therefore of continuous

subsidence of the ground ; yet it would not be safe to insist on this, for it is

scarcely known to what extent water-logged vegetable debris may form an

ingredient of free deposition in the immediate vicinity of land densely covered

with forest, as no doubt was the condition of the Coromandel until comparatively

recent times. Nothing of] the kind could occur now ; but changes of the surface

conformation, effected by the destruction of forest, are no doubt as marked here

as in the upland alluvial areas already described : the line between land and

water was probably then far less marked than now ; instead of the sand dunes

that fringe the present shore at many places, there would have been everywhere

an imperceptible passage through swamp vegetation into the actual sea.

25. Purification of marine deposits.—The absence of mention of brackish

water in the Pondicherry borings is noteworthy if only in contrast to what has

been observed elsewhere, as at Madras, where it seems rather the rule than the

exception to find brackish water in the shallow wells. If this saline impurity

be not due to local production at the surface, it must be derived from unwashed

marine deposits ; and in places on this coast undoubted marine beds have been

observed above the present sea level. In either case it is an illustration of the

capricious action of underground percolation, through the irregular distribution

of porous and non-porous beds. It must, I think, be taken as the normal result

of percolating atmospheric waters to completely purge (in time) all rocks to

which they have access. So long as a ' head ' of fresh water is maintained by

soakage from the surface in ground above sea level, that water, in all its most

distant ramifications, wherever a sensible flow is sustained, must bar the access

of sea-water at whatever depth. A good instance of how rapidly and effectually

this duty is performed may be quoted from Madras : a tide guage cylinder was

sunk to about 12 feet on the shore close to the high-water mark, and it filled

with fresh water.1

26. Western India : boring at Ahmedabad.—In the report of the Committee

on the project for the Calcutta boring3 I find the following mention of an appa

rently successful artesian boring in an alluvial area of Western India : " While

drawing up our report, we hear of the eminent good fortune which has attended

Lieutenant Fulljames* attempts in Guzerat, at Ahmedabad,3 where water rushed

up with great force through the tubes to the astonishment of the inexperienced

in such matters. The soil in the plains of Guzerat is so sandy and unretontive

of moisture that most of the wells have a depth exceeding 100 feet. The boring

was commenced at the bottom of an abandoned well." I have not succeeded in

1 Information from Captain Baird, B.E., in charge of tidal observations.

I have, I think, given all the important facts of the experience at Pondicherry ; for farther

particulars reference may be made to Records, Geological Survey of India, Vol. XIII, pp. 113

and 194.

5 Jour., As. Soc., Bengal, 1833, Vol. II, p. 372.

3 The elevatiou of Ahmedabad is 195 feet ; the distance from the head of the Gulf of Cambay

is 50 miles.
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finding any further information regarding this boring (see note, p. 211), and

probably the last sentence of the quotation explains this defect, in that the spring

was only partially artesian, and never reached the surface. This is an important

resource that is not known of in many districts where it might be of use. I have

been told that in parts of North-western India it is the practice to excavate wells

down to a certain bed of clay, and to bore a hole in this, through which the water

rises to a more or less constant height.

27. Delias.—The familiar word 'delta' is most inconveniently vague as a

term of physical geography, being based upon quite a special combination of

conditions, the essentials of which commonly occur without producing anything

like what is generally understood as a delta. A strict definition of the term

would bo—the area embraced between the extreme distributaries of a river and

the sea. In the case of the Nile the land so defined did form nearly an equi

lateral triangle, and hence the name from the Greek letter A. The word always

implies proximity to the sea, but the essential point of the feature is the perma

nent dividing of the waters of the river, and this may occur anywhere in the

alluvial area, however far from the sea. To take an extreme instance : there

was almost certainly a time (and it might recur but for human interference)

when the Jumna divided its waters near the sub-Himalayan zone, sending some

to the Arabian Sea and some to the Bay of Bengal, and thus the whole of penin

sular India would be included in its delta, as above defined ; or again, most of the

coastal plains of the Coromandel, as already described, are deltaic, as embraced

by the distributaries of the principal rivers ; but they have a much greater slope

than obtains under the fluvio-marine conditions of the true delta, which may be

described as the extreme form of alluvial ground, where deposition from

inundation merges into deposition in a water-basin. In the lower parts of a

delta all except the topmost layers must be of the latter kind, except where de

pression has intervened to sink a land surface below the sea level. Even as thus

described, deltas vary greatly from the point of view of artesian conditions.

Mere size is an important consideration here, involving as it does the greater or

less prolongation of the strata with a minimum slope and having a minimum

capacity as water-bearing.

28. The Calcutta boring.—The foregoing reflections may go far to explain the

failure of the artesian boring at Calcutta in 1838,1 with the inference that in

such a case there may be no chance of success. Calcutta, although 70 miles from

the sea, is far within the tidal area of the delta ; the nearest edge of the alluvial

basin is about 80 miles distant to the west, a large portion of which ground is

also within tidal range ; * the technical head of the delta, where the Hugli (or

Bhagirathi) leaves the Ganges, is 170 miles to the north. It is thus evident that

for an immense area around Calcutta the strata are as nearly horizontal as any

deposits can be, where, of course, any residue of pressure from the head is of the

smallest. It may be, too, that in such very fresh deposits, still in great part

1 There had heen (since 1804) 23 previous attempts on a smnller scale.

* Spring tides at Calcutta range to 23 feet from the lowest dry weather ebb to the greatest

rise with the river in flood.
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under water, consolidation has been so partial that diffusion of water from the

lowest beds can sensibly take effect throughout the -mass. Some such inferences

are, I think, the lesson to be taken from the boring experiment at Calcutta, con

demning the attempt as hopeless. The following section of the ground in this

boring is abstracted from the account by Lieutenant R. Baird Smith (Bengal

Engineers), in the Calcutta Journal of Natural History (Vol. I, p. 324, 1841 ).1

Section of the Fori William Boring : April 1836 to September 1838.

Depth. thickness. No.

Feet. Ftet.

10 10 1 Artificial soil.

60 40 2 Blue adhesive clay, becomes darker from carbonaceous matter till

between 30 to 50 feet large pieces of peat were brought up.

60 10 » Calcareous clay, with kankar. i

75 15 4 Silicious clay, green at top ; lower portion with kankar.

120 45 5 Variegated sandy clay, with layers of kankar.

125 5 6 Marl.

128 3 7 Friable sand, earthy.

150 22 8 Marl.

175 25 9 Sandy clay, with grains of latorite.

183 8 10 Quartz gravel, finer below.

205 22 11 Hard ferruginous clay.

208 3 12 Sand, more or less indurated.

380 172 13 Ferruginous sand with calcareous earthy layers ; kankar and pebbles

of primary rocks are frequent in the lower part, where also fossil

bones occurred.

382 2 14 Blue marl with shells.

392 10 15 Peaty clay ; rolled fragments of coal at base.

481 89 16 Sand with pebbles of primary rocks, fossil bones, and decayed wood.

To all appearance the alternation of beds in this section is very favourable

for an artesian effect ; and of course upon the withdrawal of stuff from the tube

there was a continuous inrnsh of semi-fluid sand from the beds 7, 10, and 16 ; it;

was the chief difficulty in the prosecution of the operation ; but the water seems

never to have risen above the ordinary level of the upper ground-water, which

varied from 10 to 12 feet from the surface according to the season. The fre

quent occurrence of decayed wood, and especially of bones, down to the lowest

beds reached is very remarkable, showing that the deposits there are far from

being fully, if at all, marine. At the bottom of the bore the pebbles (mentioned

in the section) were of large size ; it was in the endeavour to break these stones,

to admit of the further penetration of the tube, that the tools became inextri

cably stuck, and the operation brought to an end. The presence of these

large stones of primary rocks is the most exceptional fact brought to light by the

boring, as compared with what would now be possible in this position. It seems

to require the presence of rocks in situ much nearer than could have been

1 I have not found mention of the size of the tubiug nsed in the Calcutta boring, but from

a drawing to scale of the cylinder let down as a Inst resource to free the hole by explosion, the

internal diameter of the tube at tho lowest depth must have been at least 6 inches ; and it would

■ecm that only one tube was used throughout.
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suspected from the surface features, if, indeed, it do not indicate the local base

of the deltaic deposits.

29. Borings at Venice, for comparison.—It may be well to give for comparison

an instance of successful artesian borings in deltaic ground. Six years after the

breakdown of the Calcutta experiment, Mons. Degousee, the eminent French

engineer of artesian borings, proposed to substitute artesian wells for the rain

water cisterns upon which Venice had hitherto chiefly depended for its water-

supply. Venice is not in the delta of a great river, lying well to the north of

the mouths of the Po and the Adige ; it stands in the confluent deltas of

a number of smaller Alpine streams, but the conditions of formation are the same.

From the inner border of the lagoons there is a fringing area of flat alluvial

ground, having a minimum width of about 10 miles to the north-west of Venice.

Between this and the foot of the mountains there is a zone, 16 to 20 miles wide,

of higher ground formed of coarser gravelly deposits, the preglacial ' diluvium '

of local geologists, but with undisturbed stratification, and presumably passing in

definitely beneath the alluvium. It absorbs much water from the Alpine streams,

and M. Degousee, in his preliminary investigation, looked to these deposits for

his water-supply. In this, however, he was mistaken ; at least no such rock was

struck in the bore ; the discharge came from typically deltaic deposits. M. De

gousee also recognised the importance of the fact that the fluvio-marine deposits

themselves stretched for a great distance beneath the sea at a gentle slope, the

25 fathom line being nearly 50 miles from shore. In several borings a copious

discharge took place from a depth of about 200 feet, the hydrostatic level

rising to about 9 feet above that of the lagoons. A free escape of inflamable

hydrocarbons with sulphurous gas accompanied the water. From these facts,

and the proportion of nitrogenous organic matter in the water, it was presumed

that the source of the supply was in the marshy ground of the alluvial area ;

but this may, I think, be doubted ; there is abundance of organic matter in the

beds themselves for the production of those ingredients, and the rise of water

rather suggests that the water stratum is the deltaic prolongation of the gravel

deposits of the inner slopes ; this may, indeed, have been Mons. Degousee's

view of it, only it is not so expressed. In hopes of finding a purer source, one of

the borings was continued to a depth of 422 feet, but without any further

success. The following is a section of this deeper boring.1 The upper beds

correspond with those found in all the borings :—

Section of Artesian boring : Piazza Santa Maria Formosa, Venice.

Depth. thickness. No.

Metres. Mel res.

10 10 1 Made ground.

4-50 3-50 2 Earthy calcareous sand, marine shells.

4-75 0-25 3 Grey sandy clay.

50 025 4 Layer of marine shells.

90 4-0 5 Clay, blue and yellow.

15-0 60 6 Sand, fine, sUicio-calcarcous.

i C. A. do Challsye : Bull. Soc, Geol. de France, 2nd Ser., Vol. V. (1847-48), p. 23.
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Depth. thickness. No.

Metres. Metres.

1850 3-50 7 Sand, bluish, running.

20-30 1-80 8 Clay, grey, marly.

2170 1-40 9 Sand.

23-50 1-80 10 Clay.

24-30 0-80 11 Sand.

25-80 1-20 12 Clay.

27-50 20 13 Sand.

29-20 1-70 14 Clay, peaty.

310 1-80 15 „ white, firm.

31-75 0-75 16 „ peaty, micaceous.

33-80 2-05 17 „ marly, firm.

45-50 11-70 18 Sand, earthy, compact.

4600 0-50 19 Clay, white, loose.

480 20 20 „ peaty.

48-25 0-25 21 „ white.

62-50 425 22 „ loose, running.

53-0 0-50 23 „ white and peaty.

63-23 0-23 24 „ white compact.

56 50 3-27 25 Sand, earthy, micaceous.

57-30 0-80 26 Clay, grey, loose.

57-60 030 27 „ peaty.

600 2-40 28 „ sandy, white, micaceous.

70-50 16-50 29 Sand, grey, micaceous, running. Water bed.

Clay, white, calcareous ; marine shells.80-0 3 50 30

80-20 0-20 31 „ peaty.

82-90 2-70 32 „ grey, running.

84-85 195 33 Sand, grey, very fine.

850 015 34 Peat, dry, light.

86-50 1-50 35 Clay, greenish grey.

10550 190 36 Sand, coarsish, running ; with calcareous gravel and decayed wood.

112-90 740 37 Clay, grey, light.

1190 6- 10 38 Sand, very micaceous ; marine shells.

125 0 60 39 ,, very fine.

Clay, bluish, light.126 50 1-50 40

126-80 0-30 41 Peat, earthy.

130-44 364 42 Clay, grey, peaty.

13212 ... 43 Sand, grey, micaceous.

The layers of peat (Nos. 14, 20, 34, and 41) are taken to mark four successive

growths at the surface, indicating separate acts of subsidence of the deposits,

which are typically deltaic throughout. 1

30. Indo-Gangetic plains : the eastern system.—I must now attempt to notice

the features of the great Indo-Gangetic plains, though for the special object in

view the data of observation are very scanty. In respect of the unknown lower

limit of outfall the case corresponds with that of the coastal alluvium, and in

other respects the conditions resemble those discussed for the Narbada Valley :

for the most part the alluvial plains of the Ganges occupy a great valley between

the rocks of peninsular India on the south and the Himalaya on the north. As

might be expected, the Himalayan rivers play a completely dominant part in the

formation and occupation of these plains. The Jumna, which is the most

' It may be interesting to mention that five sets of pipes had to be used in this boring, of the

following dimensions (in metres) :—

I. II. III. IV. V.
0-iO 0-35 030 0-26 0-20

4«-2» 7S-36 7»M 10666 131-i1
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western affluent of the eastern river-system, leaves the Siwalik hills at a level of

1,100 feet,1 flows with a westerly curve to Delhi (700 feet), 120 miles to south-

by-west of the gorge ; here it touches one of the most northerly extensions of the

Arvali rocks. From Delhi it flows to south-by-east for 110 miles to Agra (550

feet), where Vindhyan rocks are close by, and thence on to east-south-east for

260 miles to Allahabad (320 feet), where it joins the Ganges. A little above

Allahabad the river again touches the southern rocks (Vindhyans), and repeated

ly in its due easterly course for 370 miles to below Sahebganj, where it turns to

the south, nearly at right angles, round the north-eastern extremity of the Raj-

mahal hills (and of the peninsular rock area), into the deltaic region. The

elevation here is reduced to about 120 feet. There is a corresponding gradual

decrease of elevation eastwards along the upper edge of the plains at the base of

the Siwalik (sub-Himalayan) range. At Hardwar, on the Ganges (40 miles east

of the Jumna gorge), the height is 950 foet, and at the foot of the Sikkim

Himalayas, nearly due north of Sahebganj, the level of the Teesta at the mouth

of its gorge may be about 500 feet. The following table of levels along the

Northern Bengal State Railway, which runs in a nearly north and south direc

tion from Siliguri (about 8 miles from the foot of the mountains) to Sara on the

left bank of the Ganges near the head of the delta, gives an instructive section

of the plains in this position, showing that for a distance of 60 miles to the

north the ground is actually lower than on the banks of the great river :—

Height. Distance. Place.

Feet. Miles.

422 18 196 Siliguri From here to Jalpaiguri the line runs to south-east.

32291 183 Shikarpur.

276-93 173 Jalpaiguri . Close to right bank of the Tecsta.

25712 167 Mundolghat Ditto.

238-00 159-5 Haldibari.

214-28 153 Chilahati.

18616 143-25 Domer.

166-80 132-75 Nilphamari.

145-53 124 Darwani.

140-21 120-5 Saidpnr.

121-99 111-25 Parbatipur 33 miles to east, Kaunia on the Teesta is lll'-22.

10913 100 Phulbari.

10259 92-75 Biranipur.

79-96 84-75 HiUee.

73-25 78-5 Panchbibi.

76-34 72-25 Jaipur.

64-97 63 Nawabganj.

47-49 54-5 Ch&itangraui.

-4910 51-5 Sultanpur.

4604 46-75 Raninagar.

47-30 38-75 Atrai.

49-90 32-75 Mndhanagar.

4756 24 Nattore.

5710 16-25 Malanchi.

53-73 8-75 Gopalpur.

55-31 1 Sara . 1 mile from Ganges: 112 miles below (south-east of)

the Sahebganj bend.

1 These elevations and many others throughout this paper are taken from the "perfectly accu

rate measurements recorded on the maps of the Survey of India : but there is often some doubt

whether the height recorded may not be the top of a house or other point of trigonometrical

observation.
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31. The wtstern system.—The western river-system is much more simple : all

the five rivers of the Punjab (the Sutlej, Beis, Ravi, Chinab, and Jhelnm), and

their great confluent, the Indus, follow a more or less direct course from the hills

to the sea. The Sutlej is the chief exception to this rule : from Rupar, where it

leaves the Siwaliks, at an elevation of 875 feet, it flows westwards for about

1O0 miles to its junction with tho Beas, near Sobraon. At Ferozepore, 30 miles

below this junction, the plains' level is 645 feet : at Bahawalpur, 212 miles lower

down and 70 miles above the confluence with the Indus, the elevation is 375 feet.

32. The ' Divide.'—The ground between these two river-systems is in respect

of its drainage the most peculiar portion of the Indo-Gangetic plains. It cannot

he called a watershed, for no rivulet from it ruus into either the Jumna or the

Sutlej ; and, except along the very base of the hills where alluvial accumula

tions have raised the surface considerably above the level of the great rivers at

their gorges, 1 the highest ground on any longitudinal section of the plains is

found at the old alluvial banks of the Jumna. Thus, on the section at about 20

miles from the baso of the hills, passing through Ambala and Saharanpur, the

levels on the old Jumna banks are 928 feet and 924 feet, that of the intervening

valley being 876 ; at the banks of the Markanda (the nearest minor river to the

west) the level is 913 feet, falling off to 905 at Ambala and 871 about Sirhind ;

at the Hindan (the first stream east of the Jumna) the level is 910 feet, falling

off to 900feetat Saharanpur and 884 at Rurki (Roorkee). The level of the Sutlej

at Ludhiana is about the same as that of the Jumna at Karnal, the latter being

twice as far from the hills. This area between the Jumna and the Sutlej

has, in fact, the same configuration as any other parallel segment of the

plains. It is 75 miles wide between the gorges, bnt owing to the divergent

directions of these two rivers it rapidly widens ; on a parallel line through Delhi

the Jumna and Sutlej are 230 miles apart. Two considerable streams, the Mar

kanda and the Ghaggar, and many minor ones, leave the hills within this area,

and flow straight away seawards, but they are nearly expended by soakage and

evaporation before reaching tho south boundary of the province, and entirely

disappear in the deserts of Bickanir. It is easy, however, to indicate roughly the

natural line of drainage in this country, although the levels there, as systemati

cally determined by water action, are being more and more obscured by the

ever-encroaching aerial deposits from the south-west. A line or band of mini

mum elevation is determined where the alluvial spill from the Arvali axis meets

that from the Himalaya. The 700 feet contour at Delhi can be followed to tho

west-by-north a little south of Rohtak and of Hissar, the surface rising from it

both to north and south. Between Hissar and Sirsa it bifurcates, going north-

north-west along the Himalayan spill to south of Lahore (709 feet), and curving

to the south-west along the Arvali spill to the west of Biokanir (715 feet).

33. Reeent erosion.—The whole of these Indo-Gangetic plains are then of

very recent alluvial formation. But here too we find the same feature as already

noticed in the case of the midland alluvial areas : the greater part of the plains,

and most markedly in the marginal zone, the land is not now subject to inunda-

1 At the Mohan Pass, midway between tho Jumna and the Gauges, the top of the diluvial

slope has an elevation of 1,400 feet.
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tion from the great rivers ; these have cut out for themselves permanent valleys,

of varying width, in their former deposits, which are generally exposed in low

vertical cliffs forming the limits of the present inundation valley. The native

names for these two kinds of land have become current in the Anglo-Indian

vernacular : khddar for the inundation valley ; and bhdngar for the upland.

The word dodb (two waters) for the area between a pair of confluent rivers is

also a familiar term in India ; it is in a manner the converse of the word delta.

Various explanations of this altered condition of the plains may be attempted

by means of earth movements ; and such causes have presumably operated

locally within the period in question ; but I am inclined to account for the feature,

as in the case of the Narbada Valley (para. 14), by the general deforesting of

the country that has been steadily in progress since prehistoric times, and the

great disturbance thereby effected in the regulation of atmospheric waters.

The equable universality of the fact is greatly in favour of such an explanation.

The obvious effect of this superficial condition in lowering the head of water

available for artesian springs has been already mentioned (para. 19), although

the direct action of the prime cause in lowering the spring level in the plains

seems to have outdone this secondary effect, as will be pointed out in the case of

the Jumna.

34. The water-head zone, eastern area.—With the partial exception mentioned

in the last paragraph the configuration and, as far as can be seen, the construction

of those great plains are as favourable as any original basin could be for the

success of artesian borings. Leaving out of count, as we may for the present, the

comparatively insignificant areas of the southern tributaries, we have a great

inclined plain with a gradually increasing slope, up to as much as 50 feet in a

mile, next the mountains. This highest and steepest zone, for a width of 10 to

12 miles, is formed of boulders, gravel, and sand of various degrees of coarseness,

and may be appropriately described as diluvial as distinguished from the alluvium

of more tranquil deposition. It is locally called the bhdbar, or forest belt;

it is naturally very pervious to water, so much so that minor streams, unless

when in flood, are wholly absorbed in it. Outside this zone, where the coarser

deposits end, and the slope is reduced to about 12 feet in the mile, there is a

copious outflow of springs producing a second zone, of specially swampy ground

with corresponding vegetation, and well known as the tarai ; it gradually merges

into the more habitable area. It used to be supposed that the tarai occupied an

actual depression, until simple levelling showed it to have the very considerable

slope of 12 feet in the mile, the marshy condition being fully accounted for by the

continuous supply of surface water from the bhdbar. The latest popular mis

representation of this phenomenon describes1 the boulder deposits of the bhdbar

as resting in an actual basin of impervious clay, from the outer rim of which the

water absorbed on the upper side is discharged again into the tarai. Such an

arrangement-would, I need hardly say, put an end to speculation as to artesian

wells in the plains. It is, however, presumable that this highest zone of the

plains deposits is almost exclusively formed to its very base of like coarser

1 The Tarai District: E. T. Atkinson. Government Press, North- Western Provinces, 1877.
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materials ; that near the base such deposits extend to a much greater distance

than at the present surface ; and that they are there in continuous connection with

similar beds underlying the plains more or less continuously throughout. No

doubt, as the formation grew in thickness the coarse beds became accumulated at

the steeper edge of deposition, and at their outer limit were freely interbedded

.with the finer deposits, so that at any point a bed of clay may be found passing

under the upper beds of the hhdbar gravels ; but there can scarcely be a doubt

that on the whole the distribution is as I have described it. From this point of

view the tarai springs become simply the overflow from the fully charged lower

water-bearing strata throughout the formation ; and this level may be taken as

the minimum " head " from which an artesian spring may be expected at any

point in the plains.

35. Different condition of western area.—Unfortunately this gauge is not avail

able where it is most wanted : the tarai does not occur to the west of the Ganges.

This is sufficiently explained by comparing the cross-sections of the two surfaces,

as given in the following table, showing in I, a section for 12 miles across the

tarai in Rohilkhand on the Bareilly-Naini Tal road, and II, a section in the same

position on the Sahfiranpur-Mussoorie road, the lowest figure in No. I being at

the onter edge of the tarai and ending at 12 miles from Haldwani at the foot of

the hills ; in No. II the highest level begins at 12 miles from the foot of the Siwa-

liks at Mohan : both are taken from the level-charts of the Survey of India :—

The exceptional cases showing a

rise are probably on bridges, or

other artificial surfnee.

I. II.

791 979-65

763 —28 97479 —486

746 —17 965- —9-79

724 —22 947-27 —1773

712 —12 940-62 —6-65

701 —11 93513 —5-49

680 —21 928-30 —6 83

682 +2 92768 —0-62

678 —4 920-77 —691

677 —1 916-79 —398

662 —15 905- —11-79

658 —4 91207 +707

651-87 —613 905- —707

The total fall on the tarai section is 139-13 feet and on the parallel section to

the west only 79-65. This great contrast of surface conditions seems to be fully

accounted for by the relative efficiency of the agents of denudation in the two

regions. In the eastern river-system there is actually and relatively far moro

water power at work, and this difference is increased by the relatively greater

amount of work put upon the water in the western area. Not only is the ground

there much less protected by vegetation, but the soft newer tertiary rocks are

greatly more developed, so that the amount of debris delivered for transport for

equal areas is much greater. The effect seems imperceptible in the open plains :

for example, the level (408 feet) at Multan, about 300 miles distant from Mad-

hopur at the gorge of the Ravi1 (the central one of the five Punjab rivers) is the

1 The flood level at Madhopnr is 1,146 feet, that of the old gravel bank being 1,197 feet

(information kindly supplied by Mr. H. Garbett, Superintending Engineer).
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same as that at an equal distance, half-way between Cawnpore and Futtehpur,

below Hardwar, at the gorge of the Ganges. It is naturally near the hills that the

effect is seen, where the surplus burden is left behind, to be affected only by the

feeble action of a moderate rainfall and the irregular action of the wind. For an

excellent description of the conditions under notice reference may be made to

Mr. B. H. Baden-Powell's account of the chot, or sandy-bedded torrents, from

the Siwaliks in the Hoshiarpur district.1 Under such circumstances a tarai is,

of course, out of the question.

36. The water-head level in western area.—The distribution of the underground

water in these north-western plains is a very obscure question, and a most im

portant one in the present inquiry. The few facts I can quote relating to it

indicate how variable it is, at least within the range of ordinary observation. In

1878 I noticed a well that was being sunk at the very head of the boulder zone,

close to the foot of the Siwaliks, near the Kotri ran (torrent), 8 miles west

of Mohan, about midway between the Jumna and the Ganges. A consider

able depth had already been attained, altogether in coarse boulder gravel ; and

I have been informed of the progress up to date through the kindness of

Captain Baily, R.E., Conservator of Forests. On the 11th December last the

total depth was 197 feet 9 inches with 1 foot 9 inches of water ; by the 5th of March

the water had increased to 2 feet 8 inches, but fell again rapidly, and by the 12th of

May the well was nearly dry. There remained another full month of the driest

and hottest weather, but it would seem that the depth of 200 feet may be taken as

pretty nearly the permanent water level at this point. The elevation of the surface

can be little less that at Mohan (1,400 feet), which is about the greatest eleva

tion of the recent deposits along the whole Himalayan border. According to

preceding considerations, this level of 1,200 feet would be a maximum limit of

the ' head ' from which the underground distribution is regulated. We have

not far to go for a qualifying observation. An account is given* by Lieutenant

W. E. Baker (Engineers) of the sinking of a well on the right bank of the

Jumna at Rayanwala, near the base of the Siwaliks. It is 3 miles below Hatni-

kund, where the deposits terminate within the open gorge of the river, but the

elevation is still 1,052 feet. The surface is less than 10 feet over the water in the

river, and only 60 yards from the edge, bat the well was sunk through boulders,

gravel, and sand for 60 feet without finding water. Lieutenant Baker mentions

the fact as an anomalous instance of the impermeability of the coarse river

deposits at this spot, contrasting it with what takes place in the similar deposits

of the bhSbar east of the Ganges, as already noticed. This is of course an erro

neous impression : there is a deep and rapid current in the Jumna at Rayanwala,

and the traction of the stream does not give any particle of tho water time to

change its course and sink into the ground. The caso is very different for small

streams spreading out over the surface. Another well was sunk through the very

same deposits at Chfindpur, only 400 yards from the bank at Rayanwala, tho

surface being 14 feet over the water in the river. In this well a permanent water

level was found at a depth of 80 feet, 66 feet below the water in the river, or at

1 Selections from the Records of the Government of the Punjab. New series, No. XV, 1879.

1 Jour., As. Soc, Bengal, Vol. VI (1837), p. 54.
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a reduced level of about 972 feet. These observations are very interesting, as

showing that the river valleys have no present effect (at least in the bhfibar

zone) in draining the deep ground-water from the adjoining uplands, their

natural action in this way being outdone by the drain towards the plains. We

may then perhaps take this Chandpur well as giving a lowest limit (972 feet) for

the head of water from which the deep lying strata to the south may draw their

supply. It is presumable that in parallel sections away from the river this level

would not be so low, the great facility of drainage in the khadar of the river

taking greatest effect on the ground immediately to the north.

37. Ground water distribution away from the hills.—A seemingly analogous case

to that of the Chandpur well, but where it might be less expected—in the lowest

ground in the plains' section—has been brought to my notice by Captain J.

C. Ross, R.E., from observations made during the construction of an ' escape '

into the Jumna from the southern branch of the great Ganges canal above

Etawah, 250 miles to south-south-east of Chandpur. The banks of the river

here present a most intricate maze of deep narrow ravines worn by the rainwash

in the edge of the bhangar, the level of which, at a short distance from the river,

is 517 feet. The levels of the surface and of the ground-water given in the fol

lowing table are taken among these ravines. The flood level of the Jumna here

is about 410 feet and its lowest level about 391 feet.

Water levels. Level of ground. Intervals. Distance.

Feet. Feet,

Jumna river : ... 1 394-54

"317

0

2 394-21 ... 317

3 394-43 ... 500 817

4 39411 ... 500 1,317

5 393 74 ... 500 1,817

6 39163 500 2,317

7 385-45 410-05 500 2,817

8 394-31 41636 2,548 5,365

9 404 48 430-32 2,073 7,438

10 422-66 440-49 1,578 9,016

In No. 7 of this table we find, at a distance of about 940 yards from the river, a

position of lowest water level, more than 9 feet lower than the water in the river,

and 25 feet from the surface. The steady rise of the water level from this line

towards the river shows that this is distinctly a source of percolation ; and the

more rapid rise towards the upland to the north indicates the much higher level

of the ground-water in that area, where, in'fact, the permanent water-supply in

deep wells is about 70 feet from the surface, or at a reduced level of 447 feet. The

fall of the ground-water in uplands towards deep river channels is a familiar

fact ; it is the natural operation of the conditions upon which all drainage

works are based. There is an excellent illustration of this in a paper by Lieute-

"nant W. E. Baker (Engineers), on an oblique section of the plains between

Karnal on the Jumna and Ludhiana on the Sutlej.1 The figured section shows

1 Jour., As. Soc, Bengal, Vol. IX (1840), p. 688.
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the depths of the wells along the line, and how markedly that depth increases

as the rivers are approached. The general understanding of this feature is that

below that deep-well water level the whole ground is permanently stocked with

water in the permeable strata. If this were the case the main rivers should give

a minimum water level for the whole area : and the fact brought to notice by

Captain Ross must then represent an actual removal of water at the surface, for

which the only assignable cause would be evaporation. I am not prepared to

say that this is impossible; I have elsewhere1 made large demands upon the

climatal conditions of this pait of India, and these conditions must be concen

trated among the steep bare surfaces of clay and sand in the ravines of the

Jumna; percolation is, moreover, a slow process in such fine deposits. The

alternative inference would be that below the river-bed, and practically isolated

from the water stratum that supplies the deep wells of the bhangar area, there

must be a mass of ground greatly below saturation point, or in which there is a

steady flow to some point of drainage sufficient to establish a percolation slope

from the Jumna of nearly 18 feet in the mile. The line of lowest ground-water

(No. 7 of the table) would be where this plane of under-ground drainage inter

sected that of the upland water-table. So far within the basin of the eastern

river-system there is some difficulty in imagining the supposition last suggested ;

for it is surely presumable that for a very long way above the deltaic region the

ground beneath the Gangetic plains must be fully charged with water. These

remarks can, however, scarcely affect the question of deep artesian springs, un

less as showing that the source of such springs must be cut off from the waterless

ground referred to.

38. Desiccated ground south of the Punjab plains : Bickanir wells.—In the basin

of the western river-system there would be no need for hesitation in assuming

the deep exhaustion of water from the surface. The following translation of a

native description of the wells in Bickanir will give a good idea of the desiccated

ground lying to the south of the plains of the Punjab. The area is almost all

within the alluvial spill from the Arvali, but the deposits are quite continuous

with those of the spill from the north ; the change from one to the other can only

be detected by a levelling instrument. The account was sent to me by Colonel

C. A. McMahon in 1874 : it is as follows :—

" Within the city of Bickanir there are 14 wells, the water of eight of which is sweet, and

of six brackish. Outside the city there are 24 wells, the water of two of which is slightly

brackish, and of the remaining 22 sweet. In the Fort there are four wells, all of which yield

sweet water. There are, therefore, in all 42 wells. Each of the wells inside the city is 60

purs or 300 hath (cubits) deep. The wells outside the city and in the Fort are 50 purs or

250 cubits deep. When a well is dug various kinds of earth are found. First gravelly,

which is called " marand" in this country, to a depth of 5 or 6 cubits; next, seedh matti

(black earth), varying from 15 to 20 cubits in depth ; neit, safaid matti (calcareous chalky

or white earth), from 80 to 100 cubits deep ; next, panjrangi matti (five-coloured earth), to

a depth of 40 to 50 cubits ; after that comes peelee matti (yellow earth), 70 or 80 cubits

deep ; next, sangreza matti amez ( gravel mixed with earth ) to a depth of 30 to 40 cubits ;

and lastly, a kind of soft rock, zamin doz pafhar, 5 or 6 cubits deep, is reached, after which

a spring is arrived at. The cost of sinking a well is from Rs. 30,000 to Bs. 40,000. Most

1 Ou the Seh soils of Upper India, para. 4; Records, G. S I. (1880), Vol. XIII, part 4.

i
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of the wells have two drawing wheels ; some have four ; and one, known as "AlakSagar,"

has eight drawing wheels. This last cost about a lac of rupees, and its water is that gener

ally used by the city people, who obtain the same by paying to the mdlees who draw the

well at the following rates : for 1 small pice a matka (or large earthen jar), 1 rupee for 12

bullock pakhal1 or 5 camel pakhalfuls. The wells are all worked day and night, and not

withstanding this the water is inexhaustible. In the villages between Bickanir and Sujan-

garh (75 miles to east-south-east), as well as in those between Bickanir and Nagour (62

miles to south-south-east), and between Bickanir and Jaisalmir (160 miles to west-south

east) wells are 80 purs or 400 cubits deep: and between Anupgarh (80 miles to north) and

Bickanir they are 200 cubits in depth."

At the same time as this document a specimen was sent from the Political

Agent at Bickanir ; it had been taken from the bottom of a well that had recently

been sunk to a depth of 370 haths, and Colonel McMahon states that he was

informed that the Bickanir hath is equal to about 21 inches. At this scale the

well in question would be 647 feet deep ; but even taking the cubit to be 18

inches the depth would be 555 feet. It was quite indeterminable whether the

" soft rock " from the bottom was a decomposed sandstone or a partially con-

8olidated bed of the alluvial deposits. There is, indeed, no reliable information

regarding the geology of Bickanir. In the recently (1879) published official

Rajputana Gazetteer (Vol. I, p. 182), it is stated that " the city of Bickanir is

built upon a rock formation," and that " it is considerably higher than the sur

rounding heavy sand tract and is composed of sandstone." On the large scale

map of the city of Bickanir, lately issued by the Survey of India, there is clear

indication of low flat hilly ground immediately to the south of the city"; it is

not improbably a small outlier (or inlier, if we regard the alluvium as a formation)

of the horizontal Vindhyan rocks. There are numerous heights marked on this

map ; the highest is 799 feet in this ground, and the lowest is 715 to the north

east of the city. I cannot, however, think that any of the city wells, as

described in the foregoing note, are in the old rock. As regards the point now

under consideration, the question is not of importance, as in either case the

source of water would be the same.

39. Undergroundfeatures of the great plains.—It is necessary to say something

regarding the underground conditions of the basin. In enquiries for artesian

water the usual first question is as to the depth, and because in many cases this

can be answered with considerable accuracy, a vague answer is received as a

mark of imbecility. I have explained in paragraph 6 how this is the essential

difference between the two classes of artesian sources ; and a good illustration

of this practical difficulty, supported by trial borings, was given in the case of

the Narbada Valley (paragraphs 16, 17, 18). In the case of the Indo-Gangetic

plains this question may be said to present the leading puzzle in Indian geology

—to give an account of the relations between the highly contrasting rock-features

of peninsular and extra-peninsular India, all direct observation of the connect

ing structural features being concealed by the alluvial deposits of the interven

ing plains. A few statements will show how the matter stands. All the rocks in

contact with the alluvium on the south are of immense antiquity, the small patch

1 A pakhal is a pair of large leather bags or packs for water-carrying laden on animals.
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of the Gondwana formation at the extreme east in the Rajmahal hills heing the

newest, and it is of middle secondary age : whereas, on the north of the plains,

there is a prodigious thickness of newest tertiary deposits. Again, on the south

none hut the oldest rocks of all, the transition and metamorphic, have undergone

more than local disturhance, while on the north the newest strata exhibit

extreme disturbance throughout. The question as to the possible configuration

of the rock surface on which the alluvium lies turns largely upon the parts

severally and successively played by denudation and by disturbance in forming

that surface ; and in this case there can be no doubt as to the very strong and late

action of crust movements on one side of the area. From the absence in the

peninsular area of any trace of that disturbance, or of the rocks upon which

it operated, it seems probable that the conditions of that area extend for a con

siderable distance northwards ; and that the plains on the south are under

laid, possibly at no very great depth, by gneissic rocks : there are inliers of

gneiss and granite appearing through the alluvium to the north of the transition

rocks in Bahar ; and the structure of the Vindhyan basin suggests that its

present northern scarp, overlooking the alluvium between the Jumna and the

Sone, is not far from its original boundary in this direction, and that there also

the gneiss is close by. This inference has to be qualified by another. The great

antiquity of the southern area does not refer only to the age of the rocks found

there, as already mentioned, but also to the actual configuration of that area. In

the discussion of the Narbada Valley case (paragraph 17), it was shown that the

gneissic area of Lower Bundelkhand was very much what it is now in the Deccan

trap period (upper cretaceous), a bay of a great basin to the north. Again, far

to the east, in the actual river valleys draining to the north from the gneissic

upland of Hazaribagh, remnants of Talchir (lowest Gondwana) deposits occur

at the level of the Ganges alluvium. It is thus pretty clear that a great drain

age basin in the approximate position of the Ganges Valley has existed since at

least pretertiary times ; and it is highly probable that the tertiary deposits so

enormously developed at the base of the Himalaya extended over a great part

of that basin ; they may only be overlapped by .the present alluvium at a short

distance from its south margin. In an artesian boring the passage from the

alluvium into upper tertiary beds, such as are now exposed along the foot of the

mountains, could scarcely be detected, the two are so much alike. On the question

as to how and how far the great Himalayan disturbance took offect upon this basin

of tertiary deposits, there is little or no evidence available beyond the zone of

the sub-Himalayan rocks themselves, and to take up the discussion would lead

us into geological depths, of which many will, no donbt, think there has already

been too much in what is meant to be a practical essay. The foregoing indi

cations will suffice to show that, however interesting such discussions may be,

they are practically futile when we come to such particulars as estimating the

depth of the upper deposits at any point. Observation has done its duty in

pointing out that the main conditions for successful artesian boring are to all

appearances present.

40. The Ambdla boring.—I may now make some remarks upon the three bor

ings that have been made in search for water in the upper regions of the plains,
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beginning with the most important, that at Ambala. The folio .ving section is

somewhat abridged from the detailed record, some of the thinner alternations

being grouped into a single band :—

Depth. thickness. No. section of artesiau boriug at ambala (1st November 1s69 to let February 1872).

Feet. Feet.

4 4 1 Soil.

12 8 2 Sand and sandy clay.

27 15 3 Clay, stiff, with kankar at base.

41 14 4 Sand, fine; damp at 27 feet, water at 32 feet.

50 9 5 Clay, brown and blue.

87 37 6 Sand and clay alternating.

122 35 1 Clay, brown, very stiff.

124 2 8 Kankar (impure segregated limestone). ,

154 30 9 Sand and clay, with kankar at 151 feet.

166 12 10 Clay, dark red.

174 8 11 Sand with clay ; tubes sunk 4 feet by their own weight.

181 7 12 Clay, with kankar at base.

109 18 13 Sand, with some clay and kankar ; on reaching this bed water rose sud«

denly 40 feet, and in two hours 70 feet ; its temperature was 78°.

202 3 14 Clay, with kankar.

211 9 15 Sand.

223 12 16 Clay, red and brown, with some sand and kankar.

250 27 17 Sand, with a little clay and kankar.

278 28 18 Clay, top very stiff, red, with ' shingle.'

302 24 19 Sand, with some clay, pebbles, and •• boulders."

327 25 20 Clay, with some kankar.

332 5 21 Sand, dark-brown and grey.

335 3 22 Clay, stiff, brown, with kankar.

376 41 23 Sand, with some clay and kankar.

394 18 24 Clay, with some sand.

424 30 25 Sand, some gravel, with " large stones and boulders and black kankar. "

431 7 26 Clay, stiff, red.

432 1 27 Sand or silt, dark, running.

446 14 28 Clay, red, very sandy.

Sand or silt, dark, running.448 2 29

451 3 30 Clay, red, stiff.

459 8 31 Sand, dark, running, with kankar and " clay boulders."

463 4 32 Clay, stiff, red, with kankar.

467 4 33 Snnd, tine, running.

477 10 34 Clay, stiff, red.

484 1 35 Sand, running sand.

602 18 36 Clay, some stiff, some sandy.

607 5 37 Sand, running.

615 8 38 Clay, stiff, red.

646 31 39 Sand, coarse.

585 39 40 Clay, stiff, some sandy.

601 16 41 Sand, blue, fine, with " boulders-."

641 40 42 Clay, red, some stiff, some loamy.

644 3 43 Clay, black, very stiff.

678 34 44 Clay, red, some stiff, some loamy ; kankar.

683 5 45 Sand, solid, hardened on exposure.

689 6 46 Clay, stiff, yellow, with kankar.

701 12 47 Clay, loamy, yellow, soft.

1

Amhala is only 20 miles distant from the nearest point of the Siwaliks, and

this proximity is the only unfavourable point in the prospect of the boring, for

being thus on the upper and steeper slope of the plains there is risk of its being

above the line of artesian rise, which itself slopes southwards from the presumed

bead to the lower edge of the deposits. Still there is a fair margin for success.
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The level of the Ghaggar, where it cuts the base of the Sewalik hills at Devi-

nagar, 25 miles due north of Ambala, and the proposed site of the reservoir for

the Ambala water-supply, is 1,118 feet. There are no observations as to what

may be the permanent level of the underground water in this position ; but I have

pointed out (paragraph 36) what is presumably a lowest limit for the head-level

in that ground, namely, the water level (972 feet) below the bed of the Jumna at

the point where it leaves the hills ; and the surface level at Ambala is 905 feet.

Even if the rise of 70 feet that did occur at the depth of 200 feet (see table) were

derived from that highest source, there would still be hope, for it is very

possible, or even probable, that an absolutely higher rise from the same head

should be derived from a lower stratum, as the rise is more influenced by the

variations of potential discharge in the several water strata than by the head, the

head itself being determined by the total resistances. It would be quite in the

natural order for case 6 to occur below case 3 of the experiments described

in para. 5. There is nothing whatever in the above section of the boring

to suggest that the band No. 13 is the base of the alluvial deposits ; the beds

below that level are decidedly of the same type, and the equal frequency of

alternations shows that the stratification is still undisturbed. On the whole

the section seems promising for ultimate success ; the great thickness of clay

lower down, in which the bore was stopped, gives security for the isolation

of any water stratum in coarser deposits that should be found at the base

of the formation.1 In this respect—the prospect of finding such basal deposits

—the position of Ambala, near the upper margin of the basin, is favourable.

The mention of ' boulders ' in several beds is misleading. I made early en

quiries about it, and Major Thackeray, R.E., who was then Executive Engineer

in charge of the final operations for extracting the broken tubes, gave the

following information (30th March 1874) : " I cannot trace any records of

larger stones being found than the one I send you (from bed 25), nor of

any boulders having been smashed up." From the mention of " clay-boulders"

in some places I fancy that all were of that nature, lumps of clay partially

consolidated, perhaps by lime carbonate. The 'large stone' referred to is an

oblong pebble of quartzite, little more than 2 inches long and about 2

cubic inches in volume ; it is very irregular in shape and but partially water-

worn, but it has no fresh surface of fracture. Mr. T. Login, who was Super

intending Engineer during part of the boring operations, states* that the

largest stone met with measured 5x2^ inches. In the same paragraph Mr.

Login records the fact that in sinking the foundations of the railway bridge over

the Jumna, at about the same distance from the hills as Ambala, large boulders

were found at a depth of 40 feet. The fact is taken as proof that the river is

now raising its bed, but there is no evidence to show that these boulders do not

belong to a much more ancient Jumna bed, before the present khadar valley

was excavated (the view is one that Mr. Login did not. contemplate) ; but in

either case the fact shows that although Ambala may be out of range of any

1 The bottom 41 feet were bored beyond the tubing, which broke down at the depth of

660 feet.

1 Quar. Jour., Geol. Soc, London, Vol. XXVIII (1872), p. 196.
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oscillations of the Jumna bed, it is within reach of coarse detrital deposition

from the hills ; the chief wonder is that none were found within so great a depth.

In commenting upon the absence of any sign of organic remains in the Ambala

boring, Mr. Login records (I. c, p. 197, note), that " only on one occasion, at

about 440 feet below the surface, were a few pumpfuls of blackish putrid

water brought up, giving off very much the same odour as the dirty bilge-water

of a ship.

41. The Bhiwani boring.—In 1877 a boring was made to a depth of 431 feet at

Bhiwani, a town in the Hissar district of the Punjab, the water-supply in the only

wells (from 58 to 67 feet deep), being brackish and liable to become very scarce

in dry seasons. The expectation was not so much to find an artesian spring as to

fix the depth at which pure water was to be found, such as was known to occur

in the deep wells at Bickanir. Bhiwani lies 12 miles to the south of the road,

at more than half-way between Delhi and Hissar, and also south of the 700 feet

contour, pointed out in a preceding para. (32) as marking the lowest level between

the basins of the Ganges and the Indus. It thus belongs to the Arvali watershed,

and rocks of that region are not far off ; Deosir hill, of granitoid gneiss, stands

at 3f miles to west-south-west ; Tosham, of schists and granite, at 14 miles to

west-north-west ; Nigana, of granite, at 13 miles to west; and Kaliana (near

Dddri) at 15j miles to south-by-east, formed of schists and quartzites, of which

latter the well-known ' flexible sandstone ' is an altered variety. 1 The elevation

may be about 720 feet. Almost the only hope of an artesian source in such

a position, and the best hope of a pure water-supply at a considerable depth,

.would be from an extension of the sources from the Himalayan side of the plains ;

in the Arvali region the rainfall is very small, and the plains are almost univer

sally affected by accumulated salts. It was intended to sink to a depth of 500

or 600 feet ; but the tools supplied were apparently defective and unskilfully

worked by inexperienced hands, so the project had to be abandoned before com

pletion. The frequent influx of sand in the bore seems to have been the chief

obstruction. I subjoin an abstract of the section in the boring as recorded by

the sub-engineer in charge : it illustrates the unsatisfactory nature of such re

cords when made by those who have no rational knowledge of rocks :—

Depth. ThlcknoM. No. section of the boriiiR at Bhiwani : 1877.

Feet. Feet

86 86 1 Light brown soil, occasional kankar.

105 19 2 Sand and occasional kankar.

114 9 3 Sand with a little gravel.

167 53 4 Sand and a little kankar ; no regular bed.

185 18 5 Light brown clay soil.

207 22 6 Clean sand.

234 27 1 Sand with imperfect pebbles of sandstone : at 231 a large boulder

got up (sandstone).

238 4 8 Sand and conglomerate shingle.

287 49 9 Sand ; rising 50 and 60 feet in bore.

396 109 10 Hard clay, light brown, with small pebbles of sandstone.

413 17 11 Sand rising in bore.

417 4 12 Sandy clay.

131 13 Sand

1 These particulars are given by Colonel McMabon.
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The water at the bottom was still brackish. The samples described in this sec

tion were carefully examined on the spot by Colonel McMahon, a most competent

judge, who recorded the following observations :—" The ' clay ' is simply very fine

earthy sand cemented into a mass by the infiltration ' of carbonate of lime : the

' conglomerate ' is coarser sand, the grainsjof which are frequently distinctly water-

worn, cemented together in a similar manner, with harder concretions here and

there ; the ' boulders ' are lumps, 4 or 5 inches long, of dark earthy sand, conso

lidated into concretionary nodules by carbonate of lime, and sufficiently hard to

require a smart blow from a hammer to break them ; they were apparently formed

in situ. As far as the boring has gone therefore, it has passed through an unbro

ken bed of uniform material, and the whole bed as yet penetrated evidently admits

the free passage of the rain falling on the surface of tho ground."1 The ab

sence of any clay deposit, as well as of any coarser water-rolled materials in such

comparative proximity to rock masses, throughout so great a thickness of depo

sits, is remarkable, and, of course, very unfavourable for any project of deep well

sinking in this region.

42. The Sabzalkot boring.—There only remains to be noticed the boring at

Sabzalkot, in the Dera Ghazi Khan district of the Punjab. It is commonly spoken

of as artesian, though it was never expected to be more than partially so, as a

source to replenish and freshen an already very deep well in which the water

was too saline for use. The position would seem to preclude any other expecta

tion. From the best information I can procure as to the ground, the place is a

small fortified outpost close to the frontier, at the foot of a long slope, 4 miles

from the base of the hills, and 28 miles from the Indus, in a direct line

through Asni. The alluvial level at the river is 295 feet, stretching nearly to Asni

(10 miles), where the height is only 302 feet; the direct distance from the sea is

350 miles. From Asni there is a rise of noarly 5 feet in the mile to the frontier

road, at 6 miles to westward, where the elevation is 331 feet. From this road

the ground is said to slope at about 8 feet in the mile up to Subzalkot, 12 miles,

which would give an elevation of 427 feet for that place. I think it likely that the

slope increases very much towards the hills, and that the real elevation of Sabzal

kot may be considerably higher than the estimate just given. If the height given

be correct, we have to account for the remarkable fact of the ground-water level

being 100 feet lower than the water in the Indus, for in the well at Sabzalkot it

stands permanently at about 224 feet from the surface. It would be additional

evidence of the great desiccation the ground has undergone in this region of India,

and of the insignificant effect of streams in mitigating that inevitable result of

the destruction of forest vegetation, although the Indus here annually inundates a

broad tract of ground. The contribution from the western hills is comparatively

small, for the rainfall is deficient and uncertain ; but every advantage is taken

of it by the coarse marginal deposits forming the slopes at the base of the hills.

Mr. Ball has described in this very neighbourhood how a steady current of water

wholly disappeared at the outcrop of a bod of conglomerate in these deposits.*

The following table is abridged from the detailed section furnished by the

1 From Official Correspondence, dated 5th March 1878.

2 Kccords, G. S. I., Vol. VII, p. 147.
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partment of Public Works. There were 194 feet of 9f-inch tubing, to 410 feet ;

114 feet of 7-inch tubing, to 524 feet; and 50 feet of 5-inch tubing, to 574 feet.

Abstract section of Sabzalkot boring : Nov. 1870 to Aug. 1878.

Depth. thickness. No. of bed.

Feet. Feet.

157 157 lto 14 Sand : some beds earthy, some pebbly.

174 17 15 Limestone boulders.

189 15 16 Clay and sand, very compact.

199 10 17 Loose sand and pebbles.

216 17 18 Hard clay and sand.

240 24 19 Brown running sand. Bottom of well 230 feel ; water hoel

222 to 224feet.

247 7 20 Very stiff clay.

251 4 21 Very coarse sand.

207 16 22 Sand and clay intimately mixed.

275 8 23 Fine running sand.

347 72 24 to 35 Alternations of sand and clay.

351 4 36 Gravel with boulders.

406 55 37 to 54 Alternations of clay, sand, and gravel.

410 4 55 Very coarse gravel and boulders. Water abundant.

500 90 56 to 78 Alternations of clay and sand.

526 26 79 Clay.

574 48 80 to 117 Thin alternations of clay and sand resting ou a boulder bed,

with abundant water.

The comparative scarcity of coarse materials in a deep section so near the

hills is fully accounted for by the unconsolidated condition of the newer tertiary

rocks forming those hills. The only hard rock mentioned is the limestone of the

' boulders '; it is no doubt the nummulitic limestone from the higher inner

ranges. From several of the porous strata passed through water rose freely, but

always stopped at the original water surface of the well. The supply from the

bottom boulder bed, at 574 feet, is described as ' plentiful '; at the same time,

when drawn upon at the moderate rate of 156 gallons per hour, it was lowered 66

feet. This supply is, however, sufficient for the wants of the outpost. The con

stancy of the level, to which the water rises from so many different strata, in

dicates a common source, which also accounts for the water in all being brackish,

only less so below than in the top beds, and in a drinkable degree to the people

of the country who are extensively used to this quality. The origin of this im

purity is a point of much interest ; there is no known deposit of salt in the rocks

forming the adjoining hills ; and the conditions generally suggest that its origin

may be the same as that of the saline upper ground-water so general on this side

of India—from the soakage of the early rainfall into the parched ground taking

with it the soluble results of earth decomposition at the surface, while the later

rainfall in great part runs off the bare ground as surface drainage. Thus, the

small proportion of the rainfall that passes into the ground, taking with it all the

impurities, is insufficient to sustain the underground water up its proper level so

as to ensure an adequate escape and renewal by percolation. It would seem from
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all the facts that the Sabzalkot well is altogether in this compound water bed,

and that there is no head of water at all in the artesian sense, the rise that took

place from the lower levels being sufficiently explained by the exhaustion of water

from the tube while passing through impervious beds.

43. It is evident that these three borings leave the question of artesian

springs in the plains of Upper India quite unsettled. At Sabzalkot such a result

could not have been reasonably expected ; and at Bhiwani the ground is pre

sumably out of reach in the northern sources of supply, which are the only hope

ful ones. The Ambala trial is the only one for which success could have been

predicted, and as the ultimate condition of that success—to reach the base of

the alluvial deposits—has not been accomplished, the prospect remains unaffect

ed, save by the knowledge that the depth of the deposits is greater than might

have been anticipated, or at least hoped for. The only seeming risk is the posi

tion being too near the head, but on a careful minimum estimate for that level

Ambala seems within the area of supply. As regards other positions, this pre

caution is the chief one to be kept in view, and the opposite danger with respect

to the southern margin of the area. Superficially regarded the lowest point of

the ground ought to be the most favourable, as giving a maximum of fall ; but

seeing that the expected supply is from the north, and from the lowest deposits

of that side of the basin, it becomes important to consider whether the lowest

line of drainage was always where it is now ; and the best conjectures we can

make (confirmed by the great depth of the deposits at Ambala) suggest that it

was not so ; but that the later deposits of the more copious supply of sediment

from the north have encroached upon and overlapped, possibly to a considerable

extent, ground originally occupied by deposits from the peninsular side of the

basin, so that a boring near this margin would soon pass into beds having a

northerly slope. There would still remain the chance that these bottom beds of

southern derivation would participate in the water-supply of the confluent strata

from the Himalayan side ; but until the resources of these most favourable de

posits are proved, one would not wish to see the prospects of the enterprise en

dangered by any avoidable risk It would be worthy of Government to undertake

the settlement of so important a question.

On Oligoclase Granite at Wangtu on the Sutlej, North-West Himalayas.—By F.

R. Mallet, F.G.S., Geological Survey of India.

One of the most remarkable features in the geology of the North-West

Himalayas is tho "granitic axis, so persistent along the main range. To the

east in Sikkim, and in the north-west, from the frontier of Nep&l to Kulu

wherever examined, coarse white granite has been found in profusion along the

line of peaks, near tho present edge of the sedimentary basin of Tibet. It occurs

in veins and dykes of every size, sometimes forming the massive core, up to the

summit of the highest mountains."1

Passing in a east-north-easterly direction from the peaks surrounding the

head-waters of the Bhagirathi, ono of the main lines of intrusive action runs

1 Manual of the Geology of India, p. 629.
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along the crest of the mountain range to the south of the Baspa Valley, and

crosses the Sutlej some miles above Rampur.1

At Wangtu bridge, in this neighbourhood, veins of granite, cutting through

the gneiss, are exposed with more than ordinary clearness, and as two of the

principal routes across the Himalayas diverge at this point, there are few local

ities in the granitic region that have been more often visited, or more frequently

described. In the fifth volume of the Geological Survey Memoirs,' Dr. Stoliczka,

in reference to Wangtu, says the " granitoid gneiss is traversed by a countless

number of veins of albite-granite, veins of unmeasured length, and from 1 to

20 feet in thickness. The principal mineral in these veins is a pure white

albite : next to it quartz, mica, black tourmaline, and few other minerals. All

these occur in large crystals,3 and the structure of the rocks is, therefore, emi

nently a porphyritic ore. Colonel R. Strachey tells me that these veins of

albite granite, in the neighbourhood of the Niti Pass^-enter into the Silurian and

even the secondary strata. There cannot be the slightest doubt as to their being

of subsequent date to the gneiss, in which they are truly intrusive." In a sub

sequent paper in the same volume,4 I have described the veins at Wdngtu as

mainly composed of albite, large cleavable masses of the felspar being seen un

mixed with other mineral.

Having recently, however, completed an analysis of the felspar in question,

I have found the above description to be erroneous. Tho result obtained was as

follows :—

Oiyircn
ratio.

Silica • . ' . . . 6140 890

Alumina ....
. 23-48 •)

•83 ) 304
Ferric oxide

Lime .... . 323..

Magnesia : . . . -08/

Soda .... . 10-071
100

Potash .... . . . . 1h)

99-84

the felspar being oligoclase. It is cleavable-massive, with twinning striations

sometimes visible on the basal cleavage planes. The colour is milk-white, the

mineral being translucent in moderately thin fragments. In general appearance

it is somewhat like the cleavable-massive oligoclase from Ytterby, in Sweden,

specimens of which are to be found in most mineral collections, but it differs from

the latter in that striations are of comparatively rare occurrence.6

With reference to the felspar of the granite generally, General Strachey has

recorded that, as far as his experience went, it is always white,6 and the various

1 Quart. Jour. Geol. Soc., Vol. VII, p. 292.

3 Page 12.

3 The felspar is cleavable-massive, and tho quartz not crystallised.

* Page 169.

6 Tho fragments selected for analysis were all striated.

• Quart. Jour. Geol. Soc., Vol. VII, p. 302.
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notices of the rock scattered through the Memoirs and Records of the Survey seem

to show that this character is a very constant one.1 Of course it proves nothing

in itself as to the specios. There are at present in the Museum specimens of

granite from Wangtu, from Darwas in Pangi, from Chfmre in Ladak, and from

Rondu in Dardistan. In the felspar of the first two twinning striations arc

visible on some of the basal cleavage planes, and Colonel McMahon has noticed

similar striations in the felspar of the granite at Change* Nono of the speci

mens show any outward sign of the co-existence of two felspars, and no writer, as

far as I know, has suggested that two felspars are present together in the granite

where they have examined it. But the evidence at present available cannot be

considered as proving more than that the felspar is vory often plagioclase.

Whether the plagioclastic felspar is constantly oligoclase or not is a point that

can only be settled by further analyses.

The above remarks refer to the granite alone. Orthoclase has been frequent

ly noticed in the gneissose rocks through which the granitic veins have pene

trated.3

Note on a Fish-palate from the Siwaliks.—By A. Gunther, M.D., Ph.D., F.R.S.,

Keeper of the Zoological Department, British Museum.

(Note.—The palate here briefly described and determined was obtained by Mr. Theobald from

the Siwaliks of the Punjab, and sent to me by Mr. Lydckker, in order that I might submit it to

one of the naturalists, who had especially studied fish. Dr. Gunther very kindly undertook the

task, and the Survey is indebted to him for tho accompanying note. A similar but broken frag

ment has been obtained from the Manchar beds in Sind.—W. T. Blanford.)

The fossil submitted to mo for examination is a rather massive bone, 36 mill.

long., 15 mill, wide, and about 1| mill, deep (in its

deeper anterior portion). One side (the inner) is

more straight than the other (outer), which espe

cially towards the front is curvilinear. One surface

is entirely covered with small granular (molar)

teeth, somewhat irregular in size and shape, the

largest being about the size of a pin's head. This

dental surface is strongly convex in its transverse

as well as longitudinal axis, and, especially the part

in which the fossil is widest, forms a conspicuous

protuberance.

There is scarcely any doubt that this bone is the right palatine of a large

siluroid, possibly belonging to the genus Alius; and if so, this determination

may be confirmed by the future discovery in the same formation of spines with

which the dorsal and pectoral fins of this fish were probably armed.

i Memoirs, Vol. V, pp. 12, 169, 170. Bccords, Vol. XII, p. 60 ; Vol. XIII, p. 30.

5 Records, Vol. XII, p. 60.

• Memoirs, Vol. V, p. 12 ; Records, Vol. IX, p. 158 ; XIII, p. 30.
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Palooontological Notes from the HazariMgh and Lohardagga Districts.—By

Ottokar Feistmantel, Paleeontoloyist, Geological Survey of India.

[With Plates I and II.]

In the cold-weather months (January and February) of this year I under

took an excursion into the North and South Karanpiira coal-fields, in the Hazari-

bagh district, and into the Auranga coal-field in the Lohardagga district,

sub-division Palamow.

This enabled me not only to enlarge the list of localities for fossils, as given

in the first part of my Damuda Flora, 1 but also to increase our knowledge of the

distribution and range of the fossils and of the peculiarities of the Lower

Gondwana flora, especially in its relation to the upper portion of that system

and to some extra-Indian floras.

Starting from Giridhi (Karhar-bari coal-field), where I collected some fossils

at a new shaft, I passed vid Hazaribagh and Daini Ghat into the North-

Karanpura coal-field, collected fossils at three localities8 in the northern portion

of the field, passed then into the Auranga coal-field, collected fossils at seven

localities3 (amongst which one with Talchir fossils) ; re-passed into the Karanpura

coal-field, collecting at one locality;* marched from here south-east to Ranchi;

thence northwards into the South Karanpiira coal-field, collecting fossils in the

iron-shales at two places ;5 passed again into the North Kdranpura coal-field

with the special purpose of collecting Talchir fossils in the Chano basin (eastern

extremity of the North Karanpiira coal-field), in which I completely succeeded.

On my return route I passed through the Bokhara and Jharia coal-fields.

In the following notice of the- fossils I collected, and of some other observ

ations, I proceed according to the coal-fields, from east to west, and within the

coal-fields according to the groups.

I.—Kabharbari Coal-field.

At Karharbari, I took the opportunity to collect some fossils at a new shaft,

Fossils at No. 23D then in process of sinking, No. 23 D, Passerabhia. This

shaft. is expected to be the deepest shaft, passing through all the

principal seams (Nos. 1, 2, and 3). At the time of my visit it had reached the

third seam, but had passed through an additional thin seam above it. The fossils

I collected were in a dark fine earthy shale, here and there micaceous, taken

from the third seam, and resembling entirely the shale from this seam in the

shafts 17C and 17B, the fossils from which I have already described. 6

1 Gondwana Flora, Vol. III, 2, 1880.

* Chepa-Jngra ; south of Taudwa ; south-east of Balumath.

3 Balunaggar ; Murup ; two places on the Latiahar hill ; north and south of Jaguldugga ;

Sukrce river, west of Goortoor.

4 Burgaon.

* West and south-east of Jainagar.

« Pal. Ind., Ser. XII, 1, and Suppl. (or Goudwana Flora, Vol. Ill, 1, 1 SuppL)
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The fossils from the now locality are the following :—

Equisetaceoiis stalks.

Gangamopteris cyclopteroides, Fstm.—numerous.

Glossopteris communis, Fstm.—numerous.

Noggerathiopsis hislopi, Fstm. (Bunb.)—with closely set veins.

The character of the fossils is the same as those quoted from the third seam

before. In the shale there are here and there pockets of iron stone, in one

piece of which I observed impressions of a Glossopteris, Bgt., with somewhat

a tendency to pass into Gangamopteris, Mc'Coy, the midrib becoming resolved

in the upper part of the leaf into radiating secondary veins.

To illustrate the position of the third seam and the fossiliferous band, I give

Section of No. 23D *ne section of the shaft, as far as it has been sunk, in

shaft. descending order

Brickwork

Sandstone

Stony coal

Dark sandstone

Bine shale

Dark sandstone

Grey „

Coal? .

Blue shale

Grey sandstone

Blue shale

Coal ,

Stone UUnworked)

Coal )

Bine shale

Grey sandstone

Blue shale

Blue rock

Grey sandstone

Sandstone

t Coal .

No. 3 seam 3 Carbonaceous shale

C Coal .

Sandstone

Total

Ft. In.

36 0

74 6

1 11

2 3

0 10

6 6

9 0

2 0

2 10

7 4

4 0

1 5

0 11

2 4

1 10

13 6

2 9

1 11

18 2

47 4

4 7

0 10 with fossils.

2 6

25 0

270 3

The shaft is still in progress of sinking.

Oangamopteris obliqua, Mc'Coy, PI. II, fig. 5.

This species of Gangamopteris, from the third seam, at 17C shaft, has not

hitherto been found in the Gondwanas. It was first described by Professor

Mc'Coy from the Bacchus-marsh sandstone, Victoria and it was said to be one

of the most common forms of the genus. Some forms of the Indian Gangamopteris

1 Prodrome, Palaeontology, Victoria, Decade II, page 13, PI. XII, figs. 2—4.
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cyclopteroides might perhaps have been placed with the above species ; but the

present specimen is so exactly like the Oangamopteris obliqua, "Mc'Coy, that it

has to be classed at once with it. If placed side by side with Mc'Coy's figure

(i. c, PI. 12, fig. 3), not the slightest difference can be observed. I am the more

glad to be able to figure this leaf, showing well the Gangamopteris character, as

it lies in the same piece of shale with a Glossopteris, in which the midrib is well

shown, so that the difference between the two genera can easily be seen. I shall

mention the same species again further on from the Talchirs.

II.—Karanpura Coal-fields.

These coal-fields, of which the description and maps were published by Mr.

Two Karanpura coal- Hughes, 1 and which were distinguished as the Northern

fields. and Southern Karanpura coal-fields, are situated in the

Hazaribagh district, south and south-west of Hazaribagh. No fossils from the

Damuda division of the fields have been named, and only a few specimens were

known from the Talchirs of the Chano outcrop, in the eastern portion of the

North Karanpura field, I have collected at several places in the former, and

have considerably increased our collection of fossils from the latter rock group.

I.—Talchir Division.

A.—Talchir Group.

A chief object of my visit to the North Karanpura coal-field was to examine

the locality in the Talchirs, where Mr. Hughes had previously collected some

specimens of fossil plants 3 that have been described and figured in my paper

on the Talchir Karhabari Flora.3

From Rikba (Indian atlas sheet 104, 23° 45' Lat. north ; 85° 24' Long, east),

Talchir of the Chano a village close to the road from Ramgarh to Hazaribagh,

ba«iu. v{& Badam, I followed the road to the point where it

crosses the stream coming down from the hills north of Lurunga 4 (about 3 miles

north-west of Rikba). The stream is here in gneiss, but passing down it the

Talchirs soon set in, consisting at first of coarse conglomerate, then quartzose

sandstones ; soon afterwards the Tordag stream (coming from the west, from

the Tordag hills by the village Indra) joins the Lurunga ; and further south a

nala falls in from the north-east, and just at this point the Talchir shales set in,

about 40 feet only from the base of the coal-beds (Barakars).

The beds are here well exposed to a height of about 15 feet, and consist in the

lower part of more bluish-green sandy shales, while the upper saftdy shales are

brownish-green and somewhat softer than the former ; both are, however, rich in

plant remains. I spent a whole day at the place, but although I have split open

many hundreds of specimens, not a trace of any animal remains could be observed'

I hope, however, to be able to pay this interesting spot another longer visit.

' Mem. G. S. I., VoL VII, Pt. 3, 1871.

5 Hughes. L. c, p. 12.

» Pal. Ind., Ser. XII, 1. (Vol. Ill, I., Gondwana Flora, 1879), pp. 2, 6, 7, &c.

* This is the Lurunga stream, niontioncd in Mr. Hughes' and my pupers (/. c).
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The exact locality may be described thus :—

" In the river formed by the junction of Lurunga and Tordag streams, 1 \

miles south-east of Lurunga village, 2 miles west-north-west of Rikba village,

and \\ miles north-east of Chano village." It can easily be reached from Hazari-

bagh, from which it is 19 miles distant via Badam, or 16 miles in a direct lino.

The fossils collected consist chiefly of ferns, and some are either quite new or

at least new for the Talchirs.

I distinguish the following forms :—

EQUIsETaCE.E.

Equisetaceous stalks.—Similar to those originally known from the Tal

chirs of the Karaun field ;

Phyllotheca, n. sp.—A peculiar form with very thin branches and short

setaceous leaflets.

FlUOBs.

Genus : Gangamopteris, Mc'Coy.

This fern forms the main bulk of the fossils collected, and shows a great

variety of leaves. I can distinguish—

Gangamopteris cyclopteroid.es, Fstm.—Several leaves of the type form.

Gangamopteris cyclopteroides, var. sub-aurieulata.—Like those forms

figured from the Karharbari beds, Karharbari coal-field.

Gangamopteris cyclopteroides, var. attcnuata.—Like the original forms.

I had also to distinguish several new varieties of this species—

Gangamopteris cyclopteroides, var. acuminata.—Forms with a peculiar

triangular leaf.

Gangam. cyclopt., var. cordifolia. —Small cordi-form leaflets, with

straight distinctly radiating ribs, although anastomosing; they

convey strongly the idea as if they belonged to a large pinnate leaf.

Gangam . cyclopt., var. crassinervis.—An oblong leaf showing particularly

well the radiating disposition of the veins and their anastomoses

throughout the whole leaf, the veins being unusually strong and the

meshes almost equally large throughout.

Gangamopteris obliqua, Mc'Coy.—There is one specimen in the collection,

which I can only identify with this species of the Bacchus-marsh

sandstones of Victoria. I had previously 1 pointed out that the

Gangamopteris cyclopteroides, Fstm., from its great number and the

variety of the leaves mostly resembles the Victorian Gangam.

ohliqna, but the specimens now under consideration can be at

once referred to this species. I have quoted the same also on a

previous page from the Karharbari coal-field.

1 Talchh- Karharbari Flora, I c, p. 13.
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Gangamopteris angustifolia, Mc'Coy.—This species was already known

before, both from the Talchir shales and the KarharMri beds.

I have now found it again ; and one specimen resembles very

closely the figure given by Mc'Coy.1

Gangamopteris buriadica, Fstm.—Several specimens of this Karharbari

plant have now been identified in the Talchir shales, as also

one specimen of another form.

Gangamopteris major, Fstm.—The leaf is somewhat shorter, being broad

at the apex. This I think, however, to be only accidental,

while the basal portion of the leaf and the distribution of tha

veins is entirely as in the KarharMri species.

We see from the foregoing that Gangamopteris appeared in great force in

these Talchir shales, greater than hitherto known. The long-leaved forms are

especially very numerous, but they all have to be classed as Gangamopteris,

there being no solid midrib from which the secondary veins pass out; it is

replaced by a number of stronger veins, but always forming anastomoses, and

resolved by repeated dichotomy into the secondary veins which then form the

lateral network of the leaf.

A very peculiar character was shown in many leaves, i.e., that the margin

Margin of leaves dou- appeared frequently doubled up, the venation of these

bled up. folded portions overlying each other producing a peculiar

reticulatiori. This doubling-up takes place at different parts of the leaf, some

times even from the base. Two specimens are remarkable in this respect, the

margins of the doubled-up portions approaching so closely and regularly so as

to produce the effect of a midrib ; but a closer examination shows that this

state is produced by folding. It will be easier to explain this, and make sug

gestions as to how it took place, when the specimens can be figured.

Genus : Glossopteris, Bgt.

I have already had occasion to mention* one instance of a Glossopteris from

the Talchirs ; but the specimen was not very distinct. This time, however, I

have brought several specimens ; and there can be no longer the slightest doubt

about their being true Glossopteris. There are three kinds of venation—

Glossopteris communis, Fstm.—The same forms as occur in the Karhar-

bari coal-field, with rather a tendency of the midrib to dissolve

towards the apex ;

Glossopteris, sp.—Fragments with straight oblong meshes ;

Glossopteris, sp.— A fragment with a venation of Glossopt. indica.

Ctcadeace^.

Genus: Noggerathiopsis, Fstm.

Noggerathiopsis Mslopi, Bunb. sp. (Fstm.)—Several leaves.

1 Annal. and Mng., Nat. Hist., Vol. XX, Tab. 19, figs. 3—3a; Prodr. Pal, Victoria, Dec. II,

Pi. xiii, fig. a.

* Talchir-Karharb&ri flora, I. <-., p. 18 ; Hughes, Karanpura Coal-field, I. c, p. 296.

F
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Seeds.

Several specimens of winged seeds, which have already been mentioned

from the Talchirs and the Karharbari beds, similar fossils also occurring in the

Damnda division. They are of the Samaropsis type.

This flora of the Talchir, -which, although not very various, must yet be con

sidered numerous as regards specimens, bears close resemblance, to the flora of

the Karharbari beds. We really almost miss only Neuropteridium validum, Fstm.

and Voltzia; but of these plants the latter occurs also only locally in the Kar

harbari coal-field, in the Serampur area, the former also being much more

numerous in that area than in the Karharbari area, so that it -would perhaps not

be impossible that this Talchir flora in the Chdno basin of the Karanpfira coal

field also represents, to a certain extent at least, the Karharbari flora, in which

case the Karharbari beds would then really be the coal-bearing facies of the

Talchir division, the chief character of both being the predominance of Ganga-

mopteris.

II.—Damuda Division.

From this field no Damuda fossils had as yet been procured. I have now

collected some from all groups. The relations are very similar to those des

cribed for the Raniganj coal-field.

A.—Barakar group,

I collected Barakar fossils at two localities.

While encamped at Jugra below the Daini ghat, I visited the outcrops in

Fossils near Jugra, the Ghui river, 1 mile south-south-east of Jugra, near

Arfihura. the village Arahura.1 The outcrops are exposed just in

the river, dipping south-west. I collected fossils in the following order—

(a.) In the coal-seam impressions of Vertebraria indica, Royle ;

(b.) Immediately below the seam, in dark-grey, somewhat sandy shales,

impressions of Vertebraria indica, Royle, only ; very numerous and

good specimens ;

(c.) Below this in a stratum of fine shale—

Vertebraria indica, Royle—less frequent.

Glossopteris indica, Schimp.

Glossopteris communis, Fstm.

(d.) In a next lower bed of grey shale, traversed by white worm-like con

cretions—

Glossopteris indica, Schimp.

Glossopteris communis, Fstm.

These relations remind me completely of those in the Barakars of Kumer-

dhubi, near Barakar.

Further to the west I collected fossils, in the Bishanpnr river, miles south-

BUhanpurriver.south- east from my camp at Balumath. There are three out-

east of B&lum&th. crops of coal. Mr. Hughes described the section in his

Report (I. c.) on page 25.

1 Mr. Hughes mentions these outcrops on p. 22 of his report (J. c).
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As far as I could identify the beds I collected fossils above his middle scam,

thus :—

(a.) Above the seam, in dark-grey shale, partly sandy and micaceous—

Vertebraria indica, Royle—in great numbers ;

Glossopteris communis, Fstm. ;

Glossopteris communis, Fstm., var. stenoneura—rather numerous ;

Glossopteris indica, Schimp„ ;

Noggerathiopsis hislopi, Bunb. (Fstm.) ;

Squama:—like some form the Barakars in the Raniganj field.

(b.) Above this, in light, sandy, banded shale with fragmentary fossils—

Vertebraria indica, Royle, and numerous other fragments, inde

terminable.

The characteristic feature of these fossils is the predominance, or at least the

great proportion of Vertebraria indica in comparison with Glossopteris and the

other fossils.

B.—Ironstone (shales).

In the South Karanpura coal-field I collected fossils from the iron-shales, while

Naikori river, near encamped at Jainagar (in the Naikori river) on my way

Jainagar. from Ranchi to Ramgarh. I collected at two spots, i.e., in

the river south-east of the village, and in a nala west of the village. At the first

place the rock consists of clayey sphaarosiderites, alternating with grey micaceous

shales, both fossiliferous.

At the second place it was in ferruginous shales, brownish, yellowish, and red

dish, that the fossils occurred. I shall enumerate the fossils from both places

together :—

Equisetaceous stems.

Macrotceniopteris danwoides, Royle, sp.

Glossopteris communis, Fstm.

Glossopt. indica, Schimp.

Glossopt. retifera, Fstm.

Glossopt. damudica, Fstm.—Numerous, amongst others a fragment of

a very broad leaf.

Glossopt. conspicua, Fstm.—Fragment.

Glossopt. angustifolia, Bgt.

Gangamopteris, sp.—Almost circular leaves, with distinctly radiating

and anastomosing veins.

Noggerathiopsis hislopi, Bunb. sp. (Fstm.).

Squama.

If we compare this flora with some others already known, we shall find that it

resembles the flora of the Raniganj group in the Raniganj field. The fossils

known hitherto from the iron-shales were only very few.

C.—ftaniganj Group.

I collected fossils at two localities in the Raniganj group ; the relations prov

ed much the same as those in the same group in the Raniganj coal-field.
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While encamped at the police station Tandwa, on the Garhi river, I visited

Garhi river, south-east outcrops of the Raniganj group in the said river,

of Tandwa. 3 miles south-east of Tandwa ; 1 the dip is south-east.

In the grey shales ahove the seam I observed—

Schizoneura gondwanensis, Fstm.

Vertebraria indica, Royle.

Cyathea comp Tchihatchefi, Schmalh.—Fragment of pinnro.

Glossopteris communis, Fstm.

Glossopteris conspicua, Fstm.—Just like that from near Assensole, Rani

ganj field.

Gloss, indica, Schimp.

Gloss, formosa, Fstm.—First described from the Raniganj group, in

the Raniganj coal-field.

Diclyopteridium, sp.—Just like the forms from the Barakars in the Tal-

chir coal-field, from the Raniganj group, in the Raniganj coal-field.

Winged seeds, like Samaropsis.—Just like those from the Raniganj field.

Squama.

Above the grey shales (above the seam), there is yellowish-grey bedded

sandstone, with Glossopteris communis, Fstm.

Above this again massive greenish-grey sandstone, with—

Vertebraria indica. Royle, which traverses the sandstone in all directions

and exhibits well its rhizoma-like nature.

Above this Ferie&raria-sandstone come in other sandstones, which very

much resemble to Panchet rocks.

The other locality at which I collected Raniganj fossils is further south-

Ganespur river, west west of Tandwa, i.e., in the Ganespur river. * I visited

of Burgaon. it from Burgaon, at the western extremity of the Satpahri

hill ; it is about 2J miles west of this village. The strata here dip north ; there

are three outcrops ; between the two northern ones I collected fossils in several

beds, which I shall indicate in ascending order ; thus—

(a.) In the shales with the coal seam—

Vertebraria indica, Royle.

(6.) Grey sandstones with—

Glossopteris, sp. (veins not distinct),

(c.) Then follows a series of sandstones and shales without distinct

fossils.

(tZ.) A bed of grey shale, about 2 feet thick, with impressions of—

Glossopteris communis, Fstm.

Glossopt. angustifolia, Bgt.

(e.) Immediately above is a series of greyish-brown shales, somewhat

sandy and micaceous, full of fragments of leaves—

Glossoptcris angustifolia, Bgt.

1 Hughes. L. c, p 32.

* Hughes. Idem, p. 31.
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Glossopteris damudica, Fstm.

Glossopt. retifera, Fstm.

Squamae—just like the same from the Baniganj field.

(/.) Again grey shales with—

Glossopteris communis, Fstm.

(g.) Then follow greenish shales without fossils.

(A.) Then a bed, about 3 feet, of reddish-white hard shales, full of

vegetable fragments ; and—

Vertebraria indica, Royle,

Glossopteris indica, Schimp.

(t.) The last in the series were sandy shales with—

Vertebraria indica, Royle.

No fossils could be observed in the two other outcrops.

D.—Panchets and Makadevas.

Although both these series are largely developed in the Karanpura coal-field

E el 1 $ at Bur aon ^ have B0* 0Dserve<l any fossils in either of them ; but

while encamped at Burgaon, at the south-west foot of

the Satpahri hill, I had an opportunity of seeing fine examples of water action

on the red clays of the Panchet division. Close to the foot of the hill blocks

of Mahadeva sandstone are lying about, and have protected the part of the clays

immediately under them from being washed away, while all around the water

has eroded, so they are now perched on pillars of various height and thickness.

A footpath winds along just at the foot of the hill, from Banpur to Sedpa, and

the effect is as of an avenue of columns supporting blocks of sandstone.

Further away from the foot of the hill the ground is very much broken by

nalas washing through the red clays, and here, especially at the heads of the

nalas, most picturesque scenes are found, produced by the weathering power of

the water rushing down from the hill-side ; and the peculiarity of the scene is

heightened by the bright red colour of the clays contrasting with the vivid green

of the low jungle, consisting mostly of young sal wood.

In the neighbourhood of the Karanpura coal-fields I observed two pecu

liar forms of rock which deserve passing mention.

Fault-rock.—When passing down the Daini ghat (from the Hazaribagh

plateau), a thick vein of peculiar quartz rock is crossed ; this rock is of the

same kind and variety as that described by Mr. V. Ball as " pseudomorphic

quartz," in the Rfimgurh coal-field.1 Mr. Ball quoted it under the heading fault-

rock, and also here it has to be considered as such ; it is quite close to the north

eastern boundary of the North Karanpura coal-field. The porcelain-like plates

are very distinctly exhibited, varying in thickness, and crossing each other in

the most peculiar directions, including cavities of very various sizes, the walls of

which are either smooth or covered by more or less developed crystals of quartz.

A quite similar rock, though of somewhat finer structure, also occurs on

the north-eastern border of the Karharbari coal-field.

' Mem. G. S. I., Vol. VI, p. 128.
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Bosses near T&anchi—(Plate I). While marching from Rai, in the southern

part of the K&ranpura coal-field vid Thakurgaun to Ranchi, I was struck with

a peculiar feature of the country between these two latter places. The country

is covered with small rounded hillocks of metamorphic rock, entirely smooth

on their surface and composed of concentrical layers, as is clearly shown by the

outer layer and sometimes the next lower one too, cracking and splitting into

slabs of various sizes. These round hillocks of dark grey colour, emerging

abruptly from the ground like large air bubbles solidified as soon as they

appeared on the surface, give the country a peculiar aspect. They are generally

entirely barren, the surface being too smooth for plants taking root ; only in the

cracks, here and there a bunch of grass or a small shrub settles until, by the

slabs moving down the smooth surface, even these meagre representatives of

vegetation get uprooted and dislodged. They all appear to consist of the same

kind of rock, a grey, coarse porphyritic gneiss, with large felspar crystals.

Sometimes the rock is finer grained. Similar instances appear not to be uncom

mon also in other parts of India. Mr. Ball described these "bosses" from

Manbhum,1 and it was indeed through his paper that my attention was drawn

to these " bosses" near * Thakurgaun ; and quite recently Mr. Ball drew my

attention to a paper by Captain Newbold,5 where similar phenomena are de

scribed from South India. The rock is noticed as ' dome gneiss' in the Survey

Manual, p. 20.

As I had a good opportunity of making sketches of some of these bosses,

I thought it useful to reproduce the best instance here3 (Plate I). This boss,

about 1 mile north-west of Thakurgaun, quite close to the road, is about 60 feet

high and about 900 in diameter, almost quite spherical on the surface, perfectly

smooth, with the uppermost layer burst into slabs of various sizes, the slabs

partly still lying on the surface of the layer underneath, which presents quite

an appearance of a rock polished by moving ice. The layers vary in thickness,

seldom exceeding 1 foot.

I may mention that the inhabitants use the smooth surface for economic

purposes, for drying grain, grass or fruits on ; the slabs also are made use of ;

amongst others the people (being to a great extent Oraons) use them for monu

mental slabs.

III.—Aurunqa Coal-field.

This coal-field, lying to the west of the Karanpura field, and so named from

the Auranga river (a tributary of the Koel), was surveyed by Mr. Ball,4 who

made the most interesting palaeontological discovery of the occurrence of plants,

hitherto considered as of Lower Gon'dwana type, in certain red shales, of appa

rently Mahadeva type. My chief object in visiting this field was to see this

locality, but while in pursuit of this object I had an opportunity of examining

1 Scientific Proc. of the Dublin Boy. Society, 15th December 1879.

1 Jour. Eoy. As. Soc., London, Vol. VII, p. 113 et seq., with figures.

• Tho sketch is absolutely correct, being taken with the camera.

♦ Mem. G. S. L, Vol. XV, Part 1, 1878.
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other localities also, some of equal interest. I shall proceed again in strati-

graphical order:—

1.—Talchir Division.

Any discovery of fossils in this group, which has hitherto yielded fossils very

Talchir fouilt, on sparingly, must prove of much interest ; and I am fortunate

Latiahar hill. in being able to introduce a quite new locality. When

at Latiahar, and while in search of the red shales with Damuda fossils in a stream

cm the northern face of the Latiahar hill, opposite to the low hill of Panripura,

I came, at the head of the stream, suddenly across an exposure of bedded rocks

about 8 feet high, reddish in general appearance with yellowish greenish tints.

I tried it with the hammer, and it proved to be bedded sandy micaceous clay.

At first I thought it might be a decomposed condition of some other rocks, but it

proved of the same consistence throughout, so I examined it closer, and found

to my great satisfaction that it contained fossils of the Talchir type.

The exposed section consists of the following strata in ascending order :—

Feet. Inches.

At the bate reddish clay, about .... 1 0

A band of purple ferruginous sandstone ... 0 4

Then again reddish clay 2 0

Brownish clay, the rest.

I was in the Talchirs between Latiahar and Nowadih, described by Mr. Ball

on pp. 56, 57 of his report, but the fossils are a new addition. They are :—

Equisetaceous stalks.

Gangamopteris cyclopteroides, Fstm.—Of the type form.

Gangam. cyclopteroides, var. sub-auriculata.—Amongst others one entire

leaf, of small size, but with distinct characters, and resembling

entirely one from the Chano-Talchirs, in the Karanpura coal-field.

Gangam. cyclopteroides, var. acuminata.—The forms like those from the

Chano-Talchirs.

Gangam. cyclopteroides, var. attermata.

Gangam. cyclopteroides, var. cordiformis.—Small leaflets like those men

tioned from the Chano basin, showing apparently that they are

pinnules of a pinnate leaf.

Gangam. comp. spathulata, Mc'Coy.—One specimen can hardly be dis

tinguished from this form of the Bacchus-marsh sandstones.

Noggerathiopsis hislopi, Bunb. sp. (Fstm.).

Winged seeds.—Like those mentioned before from other localities.

Gangamopteris, Mc'Coy, in its various forms, is thus also here the characteristic

fossil, the others being only subordinate ; the impressions are on the whole very

numerous ; but the material being very fragile when first removed it is very

difficult to get tolerably good specimens for transport, and they have to be very

carefully handled lest the impressions should be rubbed off. After some time,

however, the rock got pretty consistent, and all my specimens arrived safely.
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2.—Damuda Division.

While on the whole the Damuda rocks in this field have the same characters

as in the coal-fields of the Damuda valley, yet in one place the lower division

exhibited relations which prove to be of peculiar interest.

Bardkar Group.

I visited outcrops of this group at four localities in different parts of the field,

Outlier north of tiut only one yielded a good number of fossils. My first visit

Balunagar. was to the outlier to the north of Balunagar, about 2 miles

distant. Mr. Ball describes this outlier at length in pp. 79—82 (I. c). I col-

lected a few fragments from the outcrops in the river to the north-west of the

village Dhurdhuria1 in ascending order:—

(a) From the coal seam—

Vertebraria indica, Boyle.

(6) From iron band above—

Glossopteris, sp.—fragments,

(c) From grey shales above this—

Vetebraria indica, Royle.

Glossopteris communis, Fstm.

Near Murup, west of Balunagar, from where Mr. Griesbach brought some

Barakars west of fossils two years ago, I have not been very successful .

Murup. I examined the outcrops in the Sukri river west of Dhn-

biajharan, as well as in the stream joining the Sukri west of that village ; bat in

spite of the most careful search I procured only Vertebraria indica, Royle, in

most of the layers.

I found similar relations in the southern portion of the field near Juguldugga

Barakars near Jugul- in tDe Aurunga river, and iu the tributary stream south,

dugga. east of the village. The outcrops are almost all fossili-

ferous, Vetebraria indica, Royle, being the only fossil met with.

Bardkars in the Sukri river, north-west of Seruk, west of Gwrtur?

In the Sukri river east and south-east of Rajbar the beds of the Barakar

group are well exposed, and they proved fossiliferous and important. I examined

two localities in the river, and collected the fossils separately from the various

beds, as they follow one another in vertical order at the respective spots ; from

this it will be possible to correlate the beds of the two localities.

_ , . . t,,., The first spot wab where the path from Gnrtur to Rai-
Betls east ot iiaibar. * ,. , , J

bar crosses the Sukri (east, slightly north, of Rijbar).

The strata and their fossils are as follows, in ascending order :—

(1.) The seam crops out on the right bank, covered by—

(2.) Dark grey shale (about 2 feet thick) full of—

Vertebraria indica, Royle—this being the only fossil in the shale.

1 Mr. Ball describes theso rocks on p. 81 (I. c), as ironstone at Dhurdhuria.

J Mr. Ball describes this section on pp. 63, 64 of his report (I. c).
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The other section is exposed across the river, on the left bank, beginning

below in the river, with the dark grey shale, followed by—

(3.) Light grey shale, about 4 feet thick, with—<

Vertebraria bidica, Royle.

Glossopteris, sp.

(4.) Then follow a complex of shales, ironstone, ferruginous sandy shales,

and ferruginous bedded sandstones, which I consider to belong to the

same bed, but they may be sub-divided as fo"ows :—

a.—Below, brownish yellowish grey shales, about 1 foot ; full of fossils.

Vertebraria indica, Royle.

Schixoneura gondwanensis, Pstm.—fragments of the leaf-sheath,

Glossopteris communis, Fstm.

Glossopt. indica, Schimp.

Glossopt. conspicua, Fstm.

Glossopt. damudica, Fstm.

Glossopt. angustifolia, Bgt.

This shale resembles one from near Talchir, in the Talchir coal-field.

b.—Brown and purple sandy ironstone band, with concretionary struc

ture, containing—

Glossopteris communis, Fstm.

c.—To this succeeds a reddish-grey sandy shale with—

Vertebraria indica, Boyle.

The state of preservation of this fossil deserves special notice. The harder

substance of the plant is replaced by a brown red mass, while the softer tissue dis

appeared, and consequently the cross sections of the plant appear on the reddish-

grey rock as star-like markings with 6—8 points, while the longitudinal sections

appear as three red longitudinal lines, connected at intervals by cross lines. I was

shown a few of these starlike impressions by Mr. Ball before I left Calcutta,

which came apparently from the same locality. They are of interest in so far

as they will be mentioned again from the section at the other locality.

d.—These sandy shales pass at last into bedded, somewhat ferruginous

sandstones, with—

Glossopteris communis, Fstm.

Glossopt. indica, Scbitnper.

(5.) Light grey shales with Vertebraria and Glossopteris.

(6.) Yellowish shales conclude the section above.

In this section, as well as in the following, I entirely accept Mr. Ball's strati-

graphical arrangement, placing the rocks in the Barakar group. But then we

have the interesting fact that Schizoneura gondwanensis, Fstm., is again procured

from the Bardkars, as also other forms, such as Glossopteris conspicua, Fstm.,

which have hitherto been observed in the Raniganj group only.

The second locality in the Sukri river, about f miles south-east of Rajbar, and

Bar&knrs west of Gur- the same distance west of Gurtur, showed still more in-

tnr- leresting relations, the flora not only including typical

Q
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forms of a higher group of the Lower Gondwanas, but also some others hitherto

known only from beds in Siberia, described as of jurassic age, as well as another

interesting form. The beds, from which fossils were taken at this spot, follow

in ascending order, thus—

(1.) The lowest bed seen is grey sandy shale with—

Vertebraria indica, Royle.

(The seam lies somewhat more to the east, dipping below the above

bed.)

(2.) Next follow ferruginous sandstones with— —  

Glossopteris conununis, Fstm.

The veins of the leaves in these sandstones are of red colour, and the whole

has somewhat the appearance of Kamthi sandstones.

(3.) A series of crushed shales of bluish-grey and brownish colour, with

ferruginous sandstones at the base, as also interbedded.

The sandstones contain—

Vertebraria indica, Royle, with the same characters as in bed 4c in

the preceding section, i.e., starlike transverse sections, as well as

longitudinal skeletons of the plant in red colour.

Glossopteris communis, Fstm.—like the same in the preceding bed.

In the crushed shales were observed—

Vertebraria indica, Royle, in similar state of preservation as in the

layers of sandstones, but of brown colour.

Glossopteris communis, Fstm.

Glossopt. indica, Schimp.

Glossopt. daniudica, Fstm.

So far there is nothing remarkable regarding the fossils, as they are also

known from the Barakars elsewhere, excepting perhaps the light colours of the

rocks ; but the crushed shales contain towards the top—

(3a.) Lenticular layers, of more regularly bedded shales, of light bluish-grey

or reddish-grey colour, which contained a most peculiar association

of plants. I here only quote their names, as a brief notice about them

all is given further on, full details being reserved until they can

all be figured :—

Glossopteris communis, Fstm.

Glossopt. indica, Schimp. > The usual forms.

Glossopt. damudica, Fstm. J

Macrotceniopteris fcddeni, Fstm.—Amongst others one large leaf.

Macrotceniopt. danceoides, Royle.—Fragments.

Anomozamites (Pterophylluni) balli, n. sp.—Several specimens, also

the top of the leaf.

Wiipidopsis gingkoides, Schmalh.—Several leaves.

Cyclopitys dichotoma, n. sp.—A very peculiar fossil.

(4.) Again a ferruginous band with—

Glossopteris communis, Fstm. . ;
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(5.) Sandstones, ferruginous, with—

Glossopteris communis, Fstm.,

reminding again somewhat of Kamthi specimens. I have already indicated

above how it is possible to correlate this section with the preceding one.

In spite of the peculiar character of the fossils in bed 3a, I think there can be

hardly any doubt that the beds in this section also belong to the Barakar group,

for the thickness of the whole section, from the seam below up to the top, is only

about 18 feet, and the seam and all the beds having the same steady western dip,

they must pass under the seams in the Serak river, south of Rajbar, which are

also Barakars.

Aa I have mentioned the names only of the interesting fossils in bed 3a of the

The fossils from bed second section in the Sukri river (west of Gurtur), it is

3a of last section in Suk- necessary to add some special remarks on them in order to

" lni1' draw due attention to them before they can be more fully

figured.

Filices.

Genus : Glossopteris, Bgt.

This genus is represented by three species, which are almost equally numerous

through the whole Damuda division. They are—

Glossopteris communis, Fstm.— broad leaves ; veins passing out obliquely

from the midrib; very narrow vein-nets throughout the leaf.

Glossopt. indica, Schimp.—broad leaves; direction of veins as in the

former; vein-nets polygonal near the midrib; becoming narrow

and oblong toward the margin.

Glossopt. damudica, Fstm.—broad leaves ; veins passing out from the

midrib almost horizontally ; nets broad and polygonal close to the

- midrib ; becoming somewhat narrower and oblong towards tho

margin.

Genus : Macrotamiopteris, Schimp.

This genus is largely represented in the Upper Gondwanas, especially in the

Rajmahal group. Two species are also known from tho Lower Gondwanas,

one from the Kdmthis only, while the other occurred both in the Raniganj and Ba-

rakar groups, and has just been quoted by me from the iron shales of the South

Karanpurd coal-field. At the present locality two species were met with—

Hacrotceniopteris feddeni, Fstm. (pi. II, fig. 1). Several specimens, one

a very fine leaf, 8£ inches long and 5 inches broad ; this species was

first collected by Mr. Fedden in the Kamthis of Nagpur; it was

next identified by me among the specimens from the Raniganj

(Kamthi) group, near Guraru, on the Son river, in South Rewah,

and now we have it in the Barakars. Thus, like Macrot. danceoides,

Royle, it occurs throughout the Damuda series

Macrotamiopteris danmoides, Royle.—There are several fragments

which I class with this species, although they bear great resem

blance also to some of the Upper Gondwana forms.
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Cycadeaces.

Although remains of cycadeaceous plants are no longer strangers amongst

the fossils of the Lower Gondwanas, yet every addition to the list is of interest.

I have collected several specimens of a Zamiaas, which from its general habitus has

to be considered as belonging to the group of Pterophyllum. This has lately been

sub-divided into several genera, and from the fact that onr frond has unequal leaf

lets, in which the veins are several times forked, we cannot assign it to PterophyU

Iwm in the restricted sense, but will have to place it with another genus—best

with Anomeamites, Schimper, as described by this author, in 1870-72, 1 while in a

recent publication4 (1880) he has again separated certain forms and placed them

in a sub-genus. For the present purpose the first name will be sufficient. Our

specimens represent a new species which I pnrpose to call—

Anomozamites (Pterophyllum) balU,s n. sp. (pi. II, figs. 3, 4).—This

frond appears to have been middle-sized, the leaflets almost at right

angles to the rhachis, which is transversely wrinkled ; leaflets at the

apex truncate, joined at the base, veins 6-8 all forked from the base,

and the branches forked again once and even twice. This descrip

tion may be sufficient for the present : all other particulars, with affi

nities and differences, will be pointed out, when all the figures can

be given. I may only add that Anomozamites is largely represented

in the Upper Gondwanas, as altogether it is a mesozoic genus.

Thus we have a Pterophyllum* from the Raniganj group (Raniganj field) and

a Pterophyllum-Uke Zamiam from the Bar&kars ; then there is Glossozamites in the

Karharbari beds, while NoggeratMopsis, Fstm., (Bhiptozamites, Scbmalh.) passes

from the Talchir shales up into the Mahadeva series.

Conifers.

There have recently been described from Siberia a great variety of peculiar

coniferous plants ; some of them, which were formerly mistaken for Gyclopteris-

like fern leaves, have still an analogous form in the living flora in Salisburia or

Gingho of China and Japan. These forms are comprised under the name of—

Salisbcries.

Amongst the fossils from the Sukri river there are several leaves identical

with a species recently described from the jurassic6 of the Petchora country*—

' Trnit. de. Pnl. v«%e"t, Vol. II, 1870-72.

3 Handbnch der Palseontologie by Schimper and Zittle, Vol. II.

* ThU fossil establishes the occurrence of Cycadeacea in the Lower Gondwfinas beyond any

doubt.

* PterophyU. Burdmanense, Fstm.

5 I use this designation according to the describer's (Prof. Schmalhausen) classification. None

of the competent reviewers (Verhandl. d. K. K. G. Reichsanstalt, 1879, p. 208 ; Geyler in N.

Jahrb., Min. and Geologie, 1879, p. 10 i7 ; Heer in Botenisches Centralblatt, 1880, pp. 11—13)

have doubted his determinations.

6 Schmalhausen, Bcitrg. z. Jurafl. Russlamls, 1879. Mem., Acad. Imp., sc. Petershourg, XXVI,

4, p. 50 et teq.
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Rhipidopsis gingkoides, Schmalh. (pi. II, fig. 2). These are Gingko-like

leaves, very deeply incised, with six to ten segments—the segments

of variable shape, the outer ones smaller, the middle ones much

longer, cuneiform with obtusely rounded apex. The veins pass out

from the base, and are thence several times forked.

Our leaves are on the whole smaller than the Russian ones, but one leaf

from the Petchora country1 is pretty nearly of the same size as our leaves, four

of which are preserved in such a position that if entirely exhibited the stalks

would join in one point on the branch. I figure one leaf only at present—the

entire specimen will be figured later.

There is another fossil, which apparently also belongs to the Gingko-like

Conifers with more split leaves, but I am afraid it is too indistinctly preserved

to allow of an identification. I shall, however, try and give a figure of it here

after.

Taxodiej;.

Genus : Cyclopitys, Schmalh.

Under this name a coniferous plant was described by Prof. Schmalhausen2

from the jurassics of the Kusnezk basin, which bears the following character :—

" Folia verticillata, deplanato linearia, apict acuta, nerve medio validoper-

cursa, transverse tenuisisme rugulosa " (Schmalh.)..

Exactly the same characters are exhibited in several specimens of a plant,

associated with the preceding ones—except that the verticillate leaves are dicho-

tomous—this may of course be considered as a specific difference, and the plant

will be distinguished as—

Cyclopitys diclwtoma, n. sp. One specimen shows the stalk preserved

and distinctly the verticillate insertion of the leaves—these are

longer than in the Siberian species, and dichotomously forked, but

there is only one central vein, and the leaves are finely wrinkled

transversely.

Here ends this interesting flora, not only interesting by the occurrence of

forms of higher Gondwana groups in the Barakar group, but also of peculiar

plants, described first from the Siberian and Russian jurassics.

B.—Raniganj Group.

The peculiarities of this group, especially in relation to the Panchets, are

Raniganj fos.ils north sufficiently described by Mr. Ball (I. c, pp. 82, 83 et seq.),

of Jaguldugga. from which it appears that there is no marked unconform

ity between these two groups ; these relations are similar to those in other fields.

The group here did not, however, prove very fossiliferous. As I did not find any

fossils in the Raniganj group, in the Sukri river, west of Tubed, the next most

likely place to find any appeared in the small area north of Jaguldugga, in the

river-bed traversing that area from east to west ; and this supposition proved

1 L. e, PI. VIII, fig. 5. • L. c, p. 39.
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Additional to these I observed—

Schizoiieura gondwanensie, Fstm.—Although only a portion of the sheath

is preserved, there is no doubt about its being of this species, the

commissural lines of the leaflets as well as their middle veins are

well seen.

Gangamopteris, sp.—Several small spatulute leaflets, with a venation

radiating from the base (without any midrib), and forming anasto

moses, thus exhibiting the characters of the genus Oangamopteris,

to which they most probably belong.

Additional to these there were amongst Mr. Ball's fossils, not observed by

me this time—

Scale-like leaflets, entirely like some from the Raniganj group, and

which I have quoted as scales of cycadoaceous plants.

We have then, taking also Mr. Hughes' locality in South-Eewah into considera.

tion, two instances, where Lower Gondwdna (Damnda) plants pass into rockt, of

apparently Upper Gondwdna (Mahddeva) age.

The pahwratological results of my field-work may be briefly summarised

thus :—

(1.) The Talchirs of the Chano basin, north-east of Karanpura coal-field,

were found richly fossiliferous, and several new forms were col

lected, amongst others a true Gangamopteris obliqtia, Mc'Coy.

A new locality for Talchir fossils was discovered in the Auranga coal

field, north face of the Latiahar hill.

In the Karharbari beds of the Karharbari coal-field fossils were col

lected at a new shaft, and a true Gangamopteris obliqua, Mc'Coy,

was observed at a former locality.

The Barakars of the North Karanpura coal-field showed the same

relations as those in the Raniganj field.

In the Auranga coal-field, at one locality (Sukri river near (Jurtur) the

Barakars yielded interesting fossils, showing an association of

Glossopteris, and a Kamthi Macrotamiopteris,* with a true cyca-

deaceous plant (Pterophyllum Anomozamites) and coniferous plants,

elsewhere known only from jurassic beds.

(3.) In the iron shales of the South Karanpura coal-field numerous

though fragmentary fossils were collected.

(4.) The Raniganj group-fossils of these fields showed the same rela

tions as in the other Bengal coal-fields.

(5.) No fossils were observed in the Panchets, but fine instances of

weathering action in the red clays of tho Panchets were noticed.

(6.) Further observations were made (in continuation of Mr. Ball's

original examination) as regards the red shales on the northern

face of the Latiahar hill, and they appear to place it almost

beyond doubt that the shales belong to tho Upper Gondwanas

(Mahadcvas).

1 Maerotaniopteri* feddeni, Fstm., from the Krimthis of Nagpur and from the Raniganj

group of Quriru on tho Son river.
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Systematical list of the fossils.

I add now a list of the fossils mentioned in the foregoing pages, showing in

columns their range. I also include the fossils from Parsora, Sohagpur district,

South Rowah, as coming from the Mahadeva series. For designation of the

localities I shall use the names of the coal-fields only, with the following abbre

viations :—

Karh. = for Karharbari coal-field.

Karanp. = for Karanpura coal-field.

S. Kar. = for South Karanpura coal-field.

Aur. = for Anranga coal-field.

S. R. for South Rewah Gondwana basin.

Names op Fossils.

Equisktace.s.

EquUtlaceous stalks

Phyllotheca, n. sp.

Schitoneura gondtcanensis,

Fatm.

Yertebraria indica, Royle

J* I IjT F s

Cyathea Tchihatcheffi (?)

Schmalh.

Tbinnfeltlia, sp. ...

Vtitweop8i8 hughesi, Fstm.

Gnngamopteria cyclopteroides,

Fstm.

Gangamopteris cyclopteroides,

var. acuminata.

Gangamopteris cyclopteroides,

var. attenuata.

Gangamopteris cyclopteroides,

Tar. cordifolia.

Gangamopteris cyclopteroides,

var. crassinervis.

Gangamopteris cyclopteroidet,

var. subauriculata.

Gangamopt. buriadica, Fstm.

Gangamopt. angusti/olia, Mc'

Coy.

Gangamopt. obUqua, Mc'Coy ...

Gangamopt. comp. spalhulata,

Mc'Coy.

Gangamopt. major, Fstm.

Gangamopteris, sp.

Gangamopteris, sp.

Glossopteris angusti/olia, Bgt.

Glossopt. communis, Fstm.

GONDWANA SYSTEM IN INDIA.

Lower portion.

Talchir Division.

Talchir

shales.

Karanp.

Anr.

Karanp.

KAranp.

Anr.

KAranp.

Anr.

Karanp.

Anr.

Ktminp.

Anr.

Karanp.

KAranp.

Anr.

Kiiranp.

Karanp.

Karanp.

Aur.

Karanp.

KAranp.

Karhar

bari bods

Karh.

Karh.

Damuda Division.

Darakar

group.

Aur.

Karanp.

Aur.

Karh.

Karh.

Aur.

Karanp.

Anr.

Iron

shales.

6. Kar.

Raniganj

group.

S. Kar.

S. Kir.

S. Kir.

Aur.

Karanp.

Aur.

Karanp.

Aur.

Karanp.

Upper

PORTION.

Mabadova

series.

Karanp.

Aur.

Karanp.

Aur.

Anr.

Aur.

S. R.

S. E.

Aur.

Aur.

H
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GONDWANA SYSTEM IN INDIA.

Names, of Fossils,

Talchir Division.

Lower portion.

Damuda Division.

Upper

portion.

Mahideva

Talchir

shales.

Karhar-

bari beds.

Barakar

group.

Iron

shales.

Eaniganj

group.

series.

Qlossopt. communis, var. steno-

neura.

Karanp. •••

Aur,

Gtossopteris iniica, Sohimp Karanp.

Aur.

S. Kar. Karanp.

Qlossopt. retifera, Fstm.

Qlossopt. cotispicua, Fstm.

S.Kar.

S. Kar.

Karanp.

Aur. Karanp.

Aur.

Qlossopt. damudica, Fstm.

Qlossopt. formosa, Fstm. ...

Qlossopteris, sp.

Aur. S. Kar.

S. Kir.

Karanp.

Macrotamiopteris feddeni, Fstm.

Macrot. danceoides. Eoyle

Dictyopteridium (?) sp.

Karanp. ...
Aur.

Aur.

Karanp.

Ctcadeacbj:.

Anomozamites (Pterophyllum) Aur.

Karanp.

••*

Aur.

Karanp.

balli, n. sp.

Nbggerathiopsis hislopi, Fstm. Karanp.

Aur.
Karh.

.■*

S. K r.

S. Kar.

S. E.

Coniferw.

Rhipidopsis gingkoides, Schmalh

Cyclopitys dichotoma, n. sp. ...

Soales (Barakar type)

Scales (Baniganj type)

Aur.

Aur.

Karanp.

Karanp.

Aur.

Anr.

Anr.

Seeds.

Samaropsis, sp. ... ... Kranp.

Anr.

Karanp.

Bamaropsis, sp. ...

I also add a separate list of the localities according to the groups at which

fossils occured :—

Talchir Group.

Mikba, 2 miles west-north-west of, in the Chano basin, eastern portion

of the North Karanpura coal-field, in the river formed by the junc

tion of the Lurunga and Tordag streams, about 16 miles south

a little by west of Eazaribagh. Fossils, see ante, pages 243^246.

Zatiahar hill, northern face of, 1^ miles north-east of Tuppa Latiar

har, sub-division Palamow, Ljohdrdagga district, Auranga coal-field.

Fossils, see ante, page 251.

Passerabhia, Karharbari coal-field, shaft No. 23D, third seam. Fossils

see ante, pages 241-242,

Barakar Group,

Ardhura, Ghui river, near, 1 mile south of Jugra, 11 miles south*

west of Hazaribagh, North Karanpura coal-field. Fossils, sec ante,

page 246,
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Bishunpur river, 3£ miles south-east of Balumath and 1 mile south

east of village Belwadih, north-west part of North Karanpura

coal-field. Fossils, see ante, pages 246-247.

Baliinagur outlier, 1| miles north of, at the north-east extremity of the

Auranga coal-field, Palamow division, district Lohardagga. Fossils,

see ante, page 252.

Mump, Sukri river, west of ; northern margin of the Auranga coal

field—(Murup is 4]j miles west of Balunagur). Fossils, see ante,

page 252.

Jaguldagga (about 6| miles east of Tuppa Latiahar), Auranga river

and adjoining (eastern) stream, south and south-east of Auranga

coal-field, 252.

Sukri river, 2& miles north-west of Seruk (or £ miles east and south

east of Raj bar), north-east corner of the Auranga coal-field.

Fossils, see ante, pages 252-257.

Ironshales.

Jainagur, in the South Karanpura coal-field, on the Naikori river, about

25 miles south of Hazaribagh, close to the road from this place to

RanchL Fossils, see ante, page 247.

RaKiganj Group.

Tandica, Gurhee river, 2 miles south-east of, North Karanpura coal

field. Fossils, see ante, page 248.

Burgaon, Ganeshpur river, 2 miles west of (below Nuwada village),

North Karanpura coal-field (Burgaon lies on the south-western foot

Of the Satpahri hill). Fossils, see ante, pages 248-249.

Jaguldagga inlyer, miles north of, in the Auranga coal-field (See

above). Fossils, see ante, page 2^57.

Mahadeva series.

Latiahar hill, northern face of, close to the crest of the hill, Auranga

coal-field. Fossils, see ante, pages 258-260.

Under this heading is now also to be included the following locality :—

Parsora, near Beli, about 6 miles north-north-east of Pali, Sohagpur

district, South Rewah Gondwana basin. For the fossils see

Records G. S. I., Vol. XIII, part. 3, page 187. (I placed them

with the Panchets.)

Undeseribed Fossil Carnivore, from the Siwalik Hills in the Collection of the

British Museum. By P. N. Boss, Esq., B. Sc. (Loud.), F. G. S.

A paper of mine with the above title was published in the Quarterly Journal

of the Geological Society of London for 1880 (Vol. XXXVI, p. 119, &c.).

Although dealing chiefly with the subject specified, I ventured, in the Introduction,

to discuss briefly the broad question of the age of the Siwalik fauna, advocating
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the older view of its miocene age, as opposed to the pliocene age recently brought

forward by the Geological Survey of India. This very naturally led to a criticism

of my paper in the Records of the Survey (1881, Vol. XIV, p. 57) by Mr.

Lydekker, who has been for some time engaged upon the description of the

Siwalik fossils in the Survey collections. As now myself a member of tbe

Survey, I may claim to make a brief reply in the same publication to some

of Mr. Lydekker's criticisms.

Upon the contention I have just mentioned I am not prepared to make

a stand, although, as embodying the results of the detailed palaaontological work,

it would be looked upon as the most important and interesting part of my paper.

It, however, largely involved collateral information, and here Mr. Lydekker had

immensely the advantage of me, in an. extensive personal acquaintance with the

Siwalik rocks, and with what is known of the distribution of fossils in them.

I will even admit that he has greatly shaken my confidence in the position I

bad taken up, so it is hardly worth while to grumble at the scanty notice he has

taken of the qualifying clauses I was careful to introduce regarding the presence

of pliocene forms in the Siwalik fauna and of pliocene deposits within the Siwa

lik series.

It is different when we come to the narrower ground of purely palteontologi-

cal work. Here again we have to distinguish the matter and the form. The

question of the creation of species is now-a-days rationally elastic, it being

to some extent an optional point of tact, of convenience, or of method

where and how often we shall mark stages in the process of change by giving

specific value to degrees of modification. Had Mr. Lydekker's rejection of some

of the species described in my paper been based upon such a difference of

opinion after a full exposition of the facts, I should have nothing to complain

of. Such is, however, far from being the case, and I feel bound to record

a remonstrance at the manner in which my descriptions are disposed of in

Mr. Lydekker's note. I take each case separately.

Cams Cuevipalatus.

Mr. Lydekker says : " There is no figure given of the specimen on which the

species is founded, neither are any dimensions appended, while the description is

of the most meagre kind." With regard to the first part of this rather categori

cal indictment, our critic is perhaps not aware that it is contrary to the practice

of the Geological Society to reproduce figures.1 As the dimensions have been

given by Baker and Durand in the Journal of the Asiatic Society of Bengal, and

quoted in Falconer's "Palaeontological Memoirs,"* and as my descriptions were not

intended for readers to whom neither of these works is accessible, I contented

myself simply with giving references to them.

Now to the third charge. If space were the test of meagreness or not

meagreness, I am afraid I must plead guilty, as I strove hard to be as concise

as possible consistently with clearness. But, perhaps, the reader will have some

1 The specimen is figured in the Journal of the Asiatic Society of Bengal for 1836.

» Op. cit., 1, p. 341.
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other standard to apply. I shall, therefore, crave his indulgence to state my case.

After mentioning the chief points in the comparison instituted by Messrs. Baker

and Durand between the fossil and a living Indian Pox, viz., that the former

differed from the latter, (a) in the greater breadth of the brain case, (6) the height

and thickness of the lamboidal crest, (c) the greater concavity and size of

the post orbital processes of the frontal, and (cZ) tho closer approximation of

the false molars in the lower jaw, I point out the other salient peculiarities of

the fossil in the following manner :—

" (1.) In all Canidae, and more or less in all other Carnivora, the basifacial

axis is parallel to the basicranial axis ; but in the fossil now under examination

the palate makes an angle, though a very open one, with the base of the cranium,

somewhat as in the Rabbit.

" (2.) The rami of the lower jaw are not so much compressed as in living

species of the Canidse.

" (3.) Each ramus, instead of being straight, forms an arc of a circle between

the angle and the mandibular symplysis.

" (4.) As in the upper jaw, the premolars in the lower jaw also are closer

together than in the Fox.

" (5.) The internal tubercle of the sectorial is stouter than in the Fox.

" (6.) The upper tuberculars, especially the hindermost one, are proportion-

ately larger."

To avoid egotism I shall leave the reader to judge if this description is of the

fc most meagre kind."

Mr. Lydekker continues :—

" A slight comparison is made between the specimen and the skulls of certain

Foxes; but in general the specific names of these animals are omitted, and in

several cases it appears impossible to say whether Indian or European Foxes are re

ferred to."1

Comparison slight ! A comparison in which borne of the most important

peculiarities, not only of the Fox (to which the fossil is most nearly related), but

of the whole group of the Canidee—nay, of the entire order of Carnivora—are

involved, is verily a slight comparison with " the skulls of certain Foxes."

I must confess I have no particular predilection for classical names. But I

omitted to give the specific name of the " living Indian Fox," to which the fossil

is compared by Baker and Durand, because I referred the reader to their des

cription. I had both the European and Indian Foxes for comparison, and it is

indifferent which of these Mr. Lydekker selects for the purpose. If it were

necessary to particularise I should have done so.

But that my aversion is limited to the indiscriminate use of classical names

would, I think, be abundantly apparent to any one who would take the trouble

to go through my descriptions. In the very description under review, for

instance, remarking about a peculiarity noticed in the fossil by Baker and Durand,

I said that I found " this peculiarity, which is absent in the European Fox, well

' The italics are mine.
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marked in both the specimens of the Bengal Fox (Canis Bengalensis) I have had

for comparison, as well as in the Fennecs." As I was not quite sure if the pecu

liarity was not varietal, I gave in footnotes the British Museum numbers of the

specimens of the Bengal Fox and the Fennecs here referred to»

Sy^na Sivalbnsis and Hysna Felina.

Besides casts, more or less imperfect, of some of the British Museum speci*

mens of Siwalik Hysenas, there are in the collection of the Indian Museum " two

nearly complete skulls, and the anterior half of a third skull." Of these, one is,

as shown by Mr. Lydekker, Hycena Sivalensis, as described and restricted by me.

The absence of the upper pm. 1 is as unquestionably an approach towards my

Hycena felina. But in neither of them do I observe the faintest indication of the

alleged diminution in size of the upper true molar. The measurements of this

tooth in the " third skull " (Indian Museum, No. 47) are evidently incorrect.

Instead of being 0*4 x 0-23 inch, as given by my critic, they should, I find, be

06 x 0*25, so that all the three skulls in the collection of the Indian Museum

agree in respect of the size of the upper tuberculaf. Its maximum transverse

length in Hyama felina, on the other hand, as made out from the alveolus, is

only 0-225 ; and the maximum antero-posterior length is not more than 0-08.

The alleged agreement of the third skull with Hycena felina, in the small size of

that highly important tooth, being, therefore, a grave error of observation, this

argument for linking the two species of Hycena falls to the ground.

I may add that Hyama felina makes such unmistakable approach towards

feline organisation, in the extremely small size of the upper true molar and

several other characters, that the specimen on which the species is based is headed

Felis cristata in the index to the unpublished Plate K, in explanation of the

figures 1, la, lb, and lc (Falconer's Pal. Mem. I, p. 548). I found the skull,

however, to be essentially hyaenoid, but differing too remarkably from the known

species of Hycena to be brought under any one of them.

MaCHErODUs PaLjEINDICUs.

Mr. Lydekker objects to the separation of this species from M. Sivalensis on

the grounds, viz., (i) that practically there is no difference in size between them,

and that all the known teeth of the SiwSlik Machcsrodus indicate that they be

longed to an animal " nearly equalling in size the Royal Tiger of Bengal ;" and

(ii) that the slight differences in the form of some of the lower jaws is probably

owing to differences in the sex and age of the animals to which they belonged."

Though a glance at the comparative measurements given by me will clearly

show a considerable difference in size between M. Sivalensis and If. PalceindicuSj

yet that difference may be either varietal or sexual, and Mr. Lydekker need not

have taken so much trouble to prove the point. But the difference in the form

of the lower jaw is perhaps not so slight as he conceives it to be. In the other

known species of Machcerodus (including If. Sivalensis), the symphysial extension

of the lower jaw (one of the most characteristic features of the genus) takes

place below the canine ; " but in M. Palosindicus, the downward prolongation of

the outer border of the ramus takes place further back, below the second false
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molar (pm. 4)." From the specimens at my command I could not account for

this variation in the same manner as the difference in size. I must say, in con

clusion, that further evidence is necessary before the species can be firmly

established.

Felis gbandickistata (?).

With regard to this doubtful species I said in my paper that "further evi

dence is necessary before the species can be clearly separated from F. cristata. If

it should prove a distinct species, as I am inclined to think it will, I propose to call

it F. grandicristata."

P. N. BOSE.

DONATIONS TO THE MUSEUM.

Donors.

Specimens of the raw materials used in the manufacture of porcelain, and samples of the

porcelain itself.

The Royal Pobcelain Wobks, Worcester.

A series of specimens illustrating the smelting and desilverization of lead, and manufacture

of litharge.

The Panthbb Lead Company, Bristol.

A specimen of garnet fiom the Jaipur territory, Eajputana.

C. Fobnabo, Esq.

Copper pyrites, with garnet, from the Mahahagh lead mine, Hazaribagh District.

G. H. Devebeux, Esq.

Five specimens of grey copper from the Richmond Hill silver mine, New Zealand.

C. A. Haceet, Esq.

ADDITIONS TO THE LIBRARY,

Fbom 1st Apbil to 30th June 1881.

Titles of Books. Donors.

Acbepohl, L.—Das Niederrheinisch-Westfalisohe Steinkohlengebirgc. Atlas der Fossilen

Fauna und Flora, Lief 1-3, 1880-81, 4to, Leipzig.

Ball, V.—Note on the country which would be traversed by a direct line of railway con

necting Caloutta with Nagpore, including a branch to Orissa (1876), flsc. pht.

Calcutta.

The Authob.

Baness, J. Fbbdebick.—Index Geographicus Indicus (1881), 8vo, Calcutta.

Home, Rev., & Aobi. Depabtmbnt.

Beddome, Lieut.-Col. R. H.—Supplement to the Ferns of Southern India and British

India (1876), 4to, Madras.

Beneden, Van. & Geevais Paul.—Osteographie des Cetace's vivants et fossiles, Liv. 17 and

18, with plates (1877), 4to, Paris.

Bone, J. H. A.—Petroleum and Petroleum Wells (1865), 8vo, Philadelphia.

Boubguiqnat, J. R.—Etude sur les Fossiles Tertiaires et Quaternaires de la Vallee de la

Cettina en Dalmatic (1880), 8vo, pht., Saint Germain.

The Authob.
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Boubguignat, J. R.—Monographie du nouveau genre Filholia (1881), 8vo, pht., Saint

Germain.

Thb Aijthob.

Bboeck Ebnest van den.—Memoire sur les Phe'nomenes D' Alteration des de'p6t8 super-

ficiels par 1' infiltration des eaux Me'te'oriques (1881), 4to, Bruxelles.

Thb Acthob.

Bbongniabt, Adolphe.—Recherches sur les Graines Fossiles Silicifiees (1881), 4to, Paris.

Bbonn.—Klassen und Ordnungen des Thier-Reichs :

Protozoa, Band I, heft 2-7,

Reptilien, Band VI, Abth. IlI, lief 10-17 (1880-81), 8vo, Leipzig.

Encyclopcedia Britannica, Vol. XII., 9th Edition (1881), 4to, London.

Fbitsch, Db. Ant.—Fauna der Gaskohle und der Kalksteine der Pennfonnation Bohmens,

Band I, heft. 2 (1880), 4to, Prag.

Heeb, Db. Oswald.—Flora Fossilis Arctioa, Band VI., Abth. I. (1880), 4to, Zurich.

Kimball, James P.—I.—Relations of Sulphur in Coal and Coke,

II.—Oxidation or Weathering of Coal (1879), 8vo, pht.

Klebfeld, Db.—Der Diamant (1876), 8vo, Berlin.

Lintebn, Wh.—The Mineral Surveyor and Valuer's Complete Guide (1877), 8vo, London.

Mojsisovics, E. V. tjnd Nettmayb, M.—Beitrage zur Palaontologie von Osterreich-

Ungarn und den Angrenzenden Gebieten, Band I, heft. 2 (1881), 4to, Wien.

Pettebson, Kabl.—Terrassen und alte Strandlinien (1880), 8vo, Berlin.

The ArrTHOB-

Qubnstedt, F. A.—Petrefactenkunde Deutschlands, Band VI., Abth. I., heft 6 (with six

plates), and 7, Korallen (1880-81), 8vo, Leipzig.

Randall, P. M.—The Quartz Operator's Hand-Book (1880), 8vo, New York.

Renault, M. B.—Cours de Botanique Fossile fait au Museum d'Histoire Naturelle,

1-ere. Annee (1881), 8vo, Paris.

Ryan, Jbb.—Gold Mining in India ; its past and present (1880), 8vo, pht., London.

Slater, J. W.—Manual of Colors and Dye Wares (1870), 8vo, London.

Velain, Ch.—Mission de L' He Saint-Paul (1879), 4to, Paris.

Weale, John.—Dictionary of Terms used in Architecture, Building, Engineering, Miningf

Metallurgy, Archaeology, the Fine Arts, &c. (1876), 8vo, London.

Wolf, H.—Begleitworte zur Geologischen Gruben-Revierekarte des Kohleubeckens von

Teplitz-Dux — Brux (1880), 8vo, Vienna.

The Author.

PERIODICALS, SERIALS, &c.

American Journal of Science and Arts, 3rd Series, Vol. XXI, Nos. 123— 125 (1881), 8vo»

New Haven.

The EprroBa.

Annalen der Physik und Chemie, New Series, Band XII, Nos. 3 and 4, and XIII, No. 5

(1881), 8vo, Leipzig.

Annales des Mines, 7th Series, Vol. XVIII, liv. 6 (1880), 8vo, Paris.

L'AniiiN8. des Mines.

Annales des Sciences Naturelles, 6th Series, Botanique, Vol. IX, Nos. 5—6, and X, Nos. 1—5 ;

Zoologie, Vol. X, Nos. 4—6 (1880-81), 8vo, Paris.

Annals and Magazine of Natural History, 6th Series, Vol. VII, Nos. 40—42 (1881), 8vo,

London.

Athenasum, Nos. 2785—2798 (1881), 4to, London.

Beiblatterzu den Annalen der Physik und Clieniie, Band V, Nos. 2—4 (1881), 8vo, Leipzig.
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Bibliotheque Universelle. Archives des Sciences Physiques et Naturelles, 3-nie. Periode, Vol.

V, Nos. 1—3 (1881), 8vo, Geneve.

Bibliotheque Universelle et Revue Suisse, 3-me, Periode, Vol. IX, Nos. 26 and 27, and X,

No. 28 (1881), 8vo, Lausanne.

Botanisches Centralblatt, Band V, Nos. 9—13, and VI, Nos. 1—9 (1881), 8vo, Cassel.

Chemical News, Vol. XLIII, Nos. 1111—1124 (1881), 4to, London.

Colliery Guardian, Vol. XLI, Nos. 1053 to 1067 (1881), fol., London.

Das Ausland, Jahrg. LIV, Nos. 10—22 (1881), Roy. 8vo, Stuttgart.

Geological Magazine, New Series, Decade II, Vol. VIII, Nos. 4—6 (1881), 8vo, London.

Iron, Vol. XVII, Nos. 426—439 (1881), fol., London.

Journal de Conchyliologie. Index Ge'ne'ral et Syste'matique des Matieres Contenues dans les

vingt premiers volumes 1850—1872 (1878), 8vo, Paris.

Journal of Science, 3rd Series, Vol. IlI, Nos. 88—90 (1881), 8vo, London.

Just, Db. Leof.—Botanischer Jahresbericbt, Jahrg. VI, Abth. II, heft 1 (1880), 8vo, Berlin.

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series,

Vol. XI, Nos. 68-71 (1881), 8vo, London.

Mining Journal with Supplement, Vol. LI, Nos. 2376—2389 (1881), fol., London.

Natures Novitates, Nos. 4-10 (1881), 8vo, Berlin.

Nature, Vol. VIII (1873); XX1I1, No8. 593—601, and XXIV, Nos. 602—606 (1873 and

1881), 4to, London.

Neues Jahrbuch fiir Mineralogie, Geologie und Palceontologie, Jahrg. 1881, Band I, heft 3

(1881), 8vo, Stuttgart.

Neues Jahrbuch fur Mineralogie, Geologie und Palceontologie. I. Beilage-Band, heft 2

(1881), 8vo, Stuttgart.

Allgemeinea Repertorium des Neues Jahrbuch fur Mineralogie, Geologie und Palseontologie

1830 to 1849 (1841 and 1851), 8vo, Stuttgart.

Repertorium zum Neuen Jahrbuch fur Min. Geol. und Pal. fiir das Decennium 1870—1879

(1880), 8vo, Stuttgart.

Palaxmtographica, Band XXVII, Lief. 3-6 (1881), 4to, Cassel.

Pctermann's Geographische Mittheilungen, Band XXVII, Nos. 3—6 (1881), 4to, Gotha.

Do. do. do. Supplement, No. 64 (1881), 4to, Gotha.

Professional Papers on Indian Engineering, 2nd Series, Vol. X, No. 40 (1881), 8vo, Roorkee.

Thomason Collegb of Civil Engineering.

Quarterly Journal of Microscopical Science, New Series, Vol. XXI, No. 82 (1881), 8vo,

London.

GOVERNMENT SELECTIONS, &c.

Assam.—Report on the Administration of the Province of Assam for 1876-77 (1878), 8vo,

Shillong.

Chief Commissioneb of Assam.

Bengal—Report on the Administration of Bengal for 1879-80 (1880), 8vo, Calcutta.

Govebnment of Bengal.

„ Selections from the Records of the Government of Bengal, Nos. XLIII (1869),

and XLV (1871), 8vo, Calcutta.

Govebnment of Bengal.

Bombay.—Gazetteer of the Bombay Presidency, Vol. XII, Khandesh (1880), 8vo, Bombay.

Bombay Government.

t General Report on the Administration of the Bombay Presidency for 1873-74,

1874-75, 1876-77, and 1879-80 (1875, 1877, and 1880), 8vo, Bombay.

Bombay Govebnment.

i
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Bombay.—Selections from the Records of the Bombay Government, New Series Nos. VI

(1854), XLV and XLVI (1857), XLVII (1858), LII and LIII (1859)

LVII (1860), LVI, LIX, LXI, LXIII, and LXIV (1861), LXV and

LXVII (1862), LXVIII, LXIX, LXXI, LXXVII, LXXVIII (1863),

LXXX, LXXXIV, LXXXV (1864), LXXXVII, LXXXIX, XC, XCI

XCII (1865), XCV and XCVIII (1866), CIII, CIV (1867), CIX and

CX (1868), CXII (1869), CXXIV (1871), CXXV.CXXVI, CXXIX (1872),

CXXXIII & CXXXIV (1873), CXXXVIII, CXXXIX, CXLIII (1874),

CXLVII (1875), CL & CLI (1877), & CLIV (1881), 8vo, Bombay.

Bombay Government.

Bbitish Bt/bma.—Report on the Administration of British Burma for 1875-76 (1877),

8vo, Rangoon.

Chief Commissioneb of Bbitish Bubma.

Hyderabad.—Report on the Administration of the Hyderabad Assigned Districts for

1879-SO (1881), flsc. Hyderabad.

The Resident, Hyderabad.

India.—List of Civil Officers holding gazetted appointments under the Government of India

in the Home, Revenue, and Agricultural Department, the Legislative

Department, and the Foreign Department, on the 1st January 1881

(1881), 8vo, Calcutta.

Home, Rev., & Agbi. Depaetment.

„ Indian Meteorological Memoirs, Vol. I, Part 5 (1881), 4to, Calcutta.

Meteob. Repobteb to Govt, of India.

„ Meteorological Observations recorded at six stations in India in 1879, corrected and

reduced (1881), 4to, Calcutta.

Meteob. Rbpobteb to Govt, of India.

„ Registers of Original Observations in 1880, reduced and corrected, January to May

1880 (1881), 4to, Calcutta.

Meteob. Repobteb to Govt, of India.

Madbas.—Annual Report on the Administration of the Madras Presidency for 1863-64.

1869-70, 1870-71, and 1879-80 (1864, 1870, 1871, and 1880), 8vo, Madras.

Madbas Govebnment.

„ Selections from the Records of the Government of Madras.

Old Series, Nos. III to X (1854).

2nd Series Nos. IV to X, XII to XHI and XVI (1855) ; XXV and XXVII to

XXXI (1856) ; XXXVIII and XLVII (1857); LIII and LIV (1858) ; LXV

to LXVII (1860) ; LXXI (1862).

New Series, Nos. I (1867) to VII (1868); XV (1869); XX to XXI (1870) ;

XXIII and XXVI (1871) ; XXVII (1872) ; XXXI, XXXIII and XXXIV

(1873); XXXVI to XLIII (1874) ; XLV (1875) to XLIX and LI (1876);

LIV (1876) to LXV (1879), 8vo, Madras.

Madbas Govebnment.

Mysobe.—Report on Public Instruction in Mysore for 1879-80 (1881), flsc, Bangalore.

Chief Commissioner of Mtsobe.

N. W. Pbovinces.— Report on the Administration of the N. W. Provinces for 1873-74 to

1876-77 and Report on the Administration of the N. W. Provinces and

Oudh for 1877-78 to 1879-80 (1875-80), 8vo, Allahabad.

N. W. P. Government.
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N. W. Peovinces.—Selections from the Records of the Government of the N. W. Provinces,

New Series, Vols. I (1866) to V (1869).

2nd Series, Vols. IV (1871) to VI, 1873 (1866-73), 8vo, Allahabad.

N. W. P. GovErNMENT.

Oudh.—Report on the Administration of the Province of Oudh for 1874-75 (1876), 8vo,

Lucknow.

Govt. N. W. P. and Oudh.

Punjab.—Report on the Administration of the Punjab and its Dependencies for 1879-80

(1880), 8vo, Lahore.

Punjab Govbbnmbnt.

„ Selections from the Records of the Government of the Punjab and its Dependencies.

New Series, No. XIV (1877), 8vo, Lahore.

Punjab Govebnment.

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c.

Amsterdam.—Jaarboek van het Mijnwezen in Nederlandsch Oost Indie, Deel I (1879) and

Deel II (1880), 8vo, Amsterdam.

Netherlands Colonial Depaetment.

Datavia.—Natunrkundig Tijdschrift voor Nederlandisch-Indie. Ser. VIII, Deel I (1881),

8vo, Batavia.

The Society.

Bielin.—Monatsbericht der Konig. Preussischen Akademie der Wissenschaften, November

1880 to January 1881 (1881), 8vo, Berlin.

The Academy.

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXXII, heft 4,

(1881), 8vo, Berlin.

The Society.

' Bombay.—Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XIV, No. 38

(1881), 8vo, Bombay.

The Society

Boston.—Proceedings of the American Academy of Arts and Sciences, New Series, Vol. VII,

Part 2 (1880), 8vo, Boston.

The Academy.

Bristol.—Proceedings of the Bristol Naturalists' Society (1880), 8vo, Bristol.

The Society.

„ Report of the Proceedings of the Bristol Museum and Library at the Tenth

Annual Meeting held on the 17th February 1881 (1881), 8vo, Bristol.

The Museum.

Brussels.—Annuaire de L'Academie Royale de Belgique (1879—1881), 8vo, Bruxelles.

The Academy.

„ Bulletins de L'Academie Royale des Sciences, des Lettres de Belgique, Vols. XLVI

to L, 2nd Series (1878-80), 8vo, Bruxelles.

The Academy.

„ Memoires Couronne's et autres Me'moires publics par L'Acad. Roy. des Sciences

de Belgique, Vols. XXIX, XXX, and XXXII (1880-81), 8vo, Bruxelles.

The Academy.
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Bbussbls.—Menioires Couronnes et Menioires des Savants Strangers, public's par L'Acad.

Roy. des Sciences de Belgique, Vol. XXXIX, pt. 2, XLII and XLIII

(1879-80), 4to, Bruxelles.

The Academy.

„ Me'moires de L'Acade'mie Royale des Sciences, des Lettres de Belgique,

Vol. XLIII, pt. 1 (1880), 4to, BruxeUes.

The Academy.

„ Tables des Me'moires des Membres des Me'moires Couronnes et de ceux des

Savants Etrangers, 1816 to 1878 (1858 & 1879), 8vo, Bruxelles.

The Academy.

„ Ebtbobn O. van.—Texte Explicatif du Leve' Geologiqne des Planchettes de

Lubbeek (with map) : et de Kermpt (Bolderberg) (1881), 8vo, Brnxelles.

Geological Suevey, Belgium.

Calcutta.—General Report on the Operations of the Marine Survey of India for the year

1879-80 (1881), flsc, Calcutta.

Mabinb Suevey Depaetment.

., General Report on the Operations of the Survey of India during 1879-80

(1881), flsc, Calcutta.

Home Defabtment.

,, Journal of the Asiatic Society of Bengal, New Series, Vol. XLIX, Extra number

to Part I, 1880, and Vol. L, Part I, No. 1, and Part II, No. 1 (1881), 8vo,

Calcutta.

The Society.

„ Proceedings of the Asiatic Society of Bengal, Nos. II-IV (1881), 8vo,

Calcutta.

The Society.

„ Records of the Geological Survey of India, Vol. XIV, Pt. 2 (1881), 8vo,

Calcutta.

Geological Suevey of India.

C'ambbidgb, Mass.—Annual Report of the Curator of the Museum of Comparative Zoology

for 1879^80 ( 1880), 8vo, Cambridge, Mass.

Museum of Comp. Zoology.

„ Bulletin of the Museum of Comparative Zoology, Vol. VI, Nos. 8-11 ; Vol. VIII,

Nos. 3, and p.p. 95-284 (1880 and 1881), 8vo, Cambridge, Mass.

Museum of Comp. Zoology.

„ Memoirs of the Museum of Comparative Zoology, Vol. VI, No. I, and Vol. VII,

No. 2, Part 1 (1880), 4to, Cambridge, Mass.

Musbum of Comp. Zoology.

Dbesdbn.—Sitzungs-Berichte der Naturwissenschaftlichen Gesellschaft Isis in Dresden,

Jahrg. 1880, Jany—Deer. (1881), 8vo, Dresden.

The Society.

Dublin.—Journal of the Royal Geological Society of Ireland, New Series, Vol. V, Part 3

(1880), 8vo, Dublin.

The Society.

Edinbubgh.—Transactions of the Royal Scottish Society of Arts, Vol. X, Part 3 (1881),

8vo, Edinburgh.

The Society.
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Fbankfubt.—Abhandlungen von der Senckenbergischen Naturforschenden Gesellschaft.

Band XII, heft 1 and 2 (1880), 4to, Frankfort.

Liege.—Annalcs de la Socie'te' Geologique de Belgique, Vol. VI (1879-81), 8vo, Liege.

The Society.

London.—Journal of the Linnean Society, Vol. XIII, Zoology, Nos. 65 to 72 (1876-78), 8vo,

London.

The Society.

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series,

Vol. XIII, Pt. 2 (1881), 8vo, London.

The Society.

Journal of the Society of Arts, Vol. XXIX, Nos. 1477-1490 (1881), 8vo, London.

The Society.

„ Mineralogical Magazine and Journal of the Mineralogical Society of Great

Britain and Ireland, Vol. I. (1877) to Vol. IV, No. 19 (1881) (1877-81),

8vo, London.

„ Proceedings of the Literary and Philosophical Society of Liverpool, Vols. XIX,-

XX, XXII to XXVI (1866-72), 8vo, London.

The Society.

„ Proceedings of the Royal Geographical Society and Monthly Record of Geography,

New Series, Vol. IlI, Nos. 2-4 (1881), 8vo, London.

The Society.

, Proceedings of the Royal Institution of Great Britain, Vol. IX, Part III,

No. 72, with List of Members for 1880 (1880), 8vo, London.

The Institute.

„ Proceedings of the Royal Society of London, Vol. XXXI, Nos. 207-210 (1880-

81), 8vo, London.

The Socibty.

„ Quarterly Journal of the Geological Society of London, Vol. XXXVII, No. 146

(1881), 8vo, London.

The Society.

Madbid.—Boletin de la Sociedad Geografica de Madrid, Vol. X., Nos. 1-3 (1881), 8vo,

Madrid.

The Society.

Manchbstbb.—Transactions of the Manchester Geological Society, Vol. XVI, Pts. 4 & 5

(1881), 8vo, Manchester.

The Society.

Mblboubne.— Mineral Statistics of Victoria for the year 1880 (1881), flsc, Melbourne.

Mining Dept., Victobia.

„ Report of the Chief Inspector of Mines to the Hon'ble the Minister of

Mines for 1880 (1881), flsc, Melbourne.

Mining Dept., Victobia.

„ Reports of the Mining Surveyors and Registrars for quarter ending 31st

December 1880 (1881), flsc, Melbourne.

Mining Dept., Victobia.

New Zealand.—Colonial Museum and Geological Survey Department. Reports of Geologi

cal Explorations during 1879-80 (1881), 8vo, New Zealand.

Geol. Suevey of New Zealand.
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Pabis.—Bulletin de la Socie'te Geologique de France : Table Generale et Analytique de,

volumes I-XX, 1844-1863 ; 2nd Series, Vol. XXVI, Nos. 1, 6& 8, XXVII

No. 1, & XXVIII, Nos. 1, 2 & 4 ; 3rd Series, Vol. V, No. 7 (1867, 1868

to 1872 & 1877), 8vo, Paris.

„ Liste des Membres de la Socie'te1 Geologique de France an 1-er Decembre 1880, aveo

Supplement a la date du 1-er Fevrier 1881 (1881), 8vo, Paris.

Thk Society.

„ Memoires pour Servir a. l'Eiplication de la Carte Geologique De'taill6e de la France

Le Pays de Bray par A de Lapparent (1879), 4to, Paris.

Penzance.—Transactions of the Royal Geological Society of Cornwall, Vol. X, Pt. 3

(1880), 8vo, Penzance.

The Society.

Philadelphia.—Journal of the Franklin Institute, 3rd Series, Vol. LXXXI, Nos. 2-5

(1881), 8vo, Philadelphia.

The Institute.

„ Ninth Annual Report of the Board of Directors of the Zoological Society

of Philadelphia (1881), 8vo, Philadelphia.

The Society.

„ Proceedings of the American Philosophical Society, Vol. XVIII, No. 106.

and list of Members for 1880 (1880), 8vxi, Philadelphia.

The Society-

Pisa.—Atti della Societa Toscana di Scienze Naturali. Processi Verbal!, 13 Marzo 1881

(1881), 8to, Pisa.

The Society.

Rome—Atti della R. Accademia dei Lincei, 3rd Series, Transunti, Vol. V. fasc. 7-12 (1881),

4to, Roma.

The Academy.

Salem—Bulletin of the Essex Institute, Vol. XII, Nos. 10-12 (1880), 8vo, Salem.

The Institute.

Sinqapobe—Journal of the Straits Branch of the Royal Asiatic Society, No. 6 (1881), 8vo,

Singapore.

The Society.

St. Petebsbubq—Bulletin de L'Academic ImpiSriale des Sciences de St. Petersbourg, Vol.

XXVI, No. 3 (1880), 4to, St Petersbourg.

The Academy.

„ Memoires de L'Academic Impe'riale des Sciences de St. Petersbourg, 7th,

Series, Vol. XXVII, No. 13 (1880), 4to, St. Petersbourg.

The Academy.

Sydney—Annual Report of the Department of Mines, New South Wales, for 1879, and

plates (1879-80), 4to, Sydney.

Dept. of Mines, N. S. W.

„ Journal and Proceedings of the Royal Society of New South Wales, Vol. XIII,

(1880), 8vo, Sydney.

The Society.

„ Transactions of the Royal Society of New South Wales for 1868 and 1870 to 1873

(1869-74), 8vo, Sydney.

The Society.
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Sydney.—Transactions of the Philosophical Society of New South Wales, 1862-1865 (1866),

8vo, Sydney.

The Society.

Tubin—Atti della R. Accademia delle Scienze di Torino, Vol. XVI, Disp. 1-4 (1880-81),

8vo, Torino.

The Academy.

Vienna—Abhandlungen der Kais. König. Geologischen Reichsanstalt, Band XII, heft 2

(1880), 4to, Wien.

The Institute.

„ Jahrbuch der Kais. König. Geologischen Reichsanstalt, Band XXX, No. 4 (1880),

8vo, Wien.

The Institute.

„ Verhandlungen der Kais. König. Geologischen Reichsanstalt, Nos. 14-18 (1880,\

and Nos. 4-8 (1881), 8vo, Wien.

The Institute.

Washington—Bulletin of the United States Geological and Geographical Survey of the

Territories, Vol. VI, No. 1 (1881), 8vo, Washington.

The Suevey.

„ Hayden, P. V.—Eleventh Annual Report of the U. S. Geological and Geo

graphical Survey of the Territories, embracing Idaho and Wyoming for

1877 (1879), 8vo, Washington.

The Suevey.

„ Index to Papers on Anthropology published by the Smithsonian Institution,
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Remarks on the Unification of Geological Nomenclature and Cartography (a note

sent to the International Geological Congress of 1881, at Bologna).—By H. B.

Hedmcott, M.A., Geological Survey of India.

As I have been compelled, by pressure of official work, to renounce the expect

ed pleasure of attending the Congress at Bologna, I may be permitted to submit

a few remarks upon the principal question proposed for discussion—the unifica

tion of geological nomenclature and cartography. Although the experience and

the requirements of the Geological Survey of India will be most ably represented

at the Congress by my colleague Mr. W. T. Blanford, who has been deputed in

my place, the reflections of a second worker in so large a field, and one differing

so widely from anything the geologists of Europe have experience of, may not

be superfluous.

The Indian Survey is peculiarly well circumstanced to profit by the deli

berations of the Congress. It is very apparent that the chief obstacle to consen-

sion in those deliberations will be the familiar one of ' vested interests.' Most of

the great national surveys are already committed to systems of notation from

which they cannot depart without immense inconvenience. The Indian Survey

stands completely unpledged—I may even say unprejudiced ; and it has just

reached that stage of growth when it must take up the responsibility of adopting

a system. The materials stand ready for use: on the one hand, there is a

considerable accumulation of fairly accurate geological work, much of which

has appeared in the occasional maps of convenient forms published with the

Memoirs of the Survey ; and on the other hand, there is a magnificent series of

maps—the Atlas sheets of the Great Survey of India, on a scale of 1-255,561

—upon which we must ere long attempt to reduce the geology of India to

uniformity of representation. Samples of both kinds are laid before the Con

gress. The index map of the Indian Atlas will give an idea of the magnitude of

the undertaking.

The license we have so far enjoyed in colouring our maps has been prompted

by the conditions of our work, to which I would invite the serious attention of

the Congress, for they are such as will inevitably render futile any attempt that

may be made at a rigorous definition of signs, whether verbal (nomenclature) or
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visual (colouration), as intended for universal adoption; and it is apparent that

such an attempt is in contemplation. Such conditions are, indeed, what might

be foreknown to result from the principle of continuity in rock formation, as we

all now believe in ; but an actual case in point will be more convincing, and such

an one is presented by the Gondwana System of India. It is of very wide

extent and of great thickness ; its base is now fairly determined to be of permian

age, and its top beds are upper jurassic ; it is completely disconnected from all

the rocks below and above it. Thus it might in a manner be said to be strati-

graphically in India the homologne, but not the equivalent, of the secondary

series of European geology. Yet it is emphatically a ' system, ' and even a

' formation, ' as it is sought to restrict these terms, a sequence of similar deposits

in which it is not possible on any one horizon to trace a clear division over

the whole area. Not to indicate so remarkable a character of unity in these

rocks in colouring our maps would be to deform the face of nature; and to force

upon them the strongly distinctive marks of the perm, trias, lias, and jura of

Europe would, in my opinion, be Procrustean formalism. I believe we should

have another similar case in India if we could only determine the range of

our Vindhyan series ; but that many such cases of total discrepancy with the

European scale occur throughout the world can hardly be doubted. It will still,

at least, remain possible in every country to use colours in the order of a prescribed

scale, even though not one of them were to be the equivalent of the same colour

in a distant region.

The representation of divisions within a system is intrinsically the most

difficult part of the proposed scheme. Upon this point the ingenuity of European

geologists, who have carried subdivision of strata into such detail, must have

been fully exercised, and no doubt with corresponding results. It is therefore

with great diffidence that I would mention a system of which I have made a small

trial. It is so simple that it has very likely been tried already, though I have

not heard of it. It consists in using fine black lines, having a constant significa

tion in direction. Six such directions can be at once distinguished by the

unassisted eye : north-south, east-west, and four intermediately inclined, with

intervening angles of 30* When the lines are placed at 4 or 5 mm. apart, they

do not in the least interfere with the lettering or the physical features on the

map. By using these lines in a constant ascending order, horizontal (east-west)

for the lowest and vertical (north-south) for the highest, six clear divisions are

at once attained within each tint of colour, and, as most colours will give three

well-distinguishable shades, we obtain 18 divisions for the one colour. By using

continuous lines for primary divisions, combined with broken lines (having the

same signification of direction) for secondary divisions, 36 subdivisions for each

shade and 108 for each colour are attainable. The unlined colour would remain

for beds of indeterminate horizon belonging to it.

I send two samples of maps prepared in this way, with copies of the same

coloured in the old style. To those who look upon geological maps from the

pictorial point of view, the simple, tint and line system is no doubt repulsive,

and to the casual beholder it looks bewildering ; but I do not think that such

critics need be considered, and for the working geologist two main points are at.
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once completely secured—the distribution of the principal formations are given

at a glance, in a way that is impossible under any party-coloured system ; and

secondly, at any spot he may pitch upon, the observer can know with certainty,

without any effort of memory or searching for an index-letter, the exact horizon

of the rocks at that spot. In an isolated patch of colour, a simple fine line across

it makes its position in the series at once recognizable to the 6th degree, or two

such lines, to the 36th.

The smaller of the two maps forwarded [(Atlas \ sheet, No. 76, South-West)

represents an area occupied by two series of transition rocks, one with 9 divisions,

the other with 4 divisions and 9 subdivisions, which are distinguished by means

of only 3 full lines and 2 broken lines, singly or in pairs. The larger map (Atlas

sheet 104) contains several basins of Gondwana rocks, having 6 divisions ; a large

area of Vindhyan rocks, with 5 divisions, and 4 other formations.

A real objection to this method is, of course, that small outcrops are lost

sight of ; but this difficulty meets us in every system, and there is but one way

to get over it,—nothing but a bright distinctive colour can make a small spot

visible on a map. I see no way out of it but to set apart a small series of such

strong colours, to be used only for small outcrops, and always in a known order ;

they might thus often appear several times in different relations on the same

map, their signification in each case being determined by the context or by the

index. Used in this way, they would not obliterate the main features of the

ground as indicated by moderate tints of the standard colours with standard

lines, for large areas of those same subdivisions.

I would not further trespass on the attention of the Congress with suggestions

which have not been put to a practical test.

On the Geology of the Arvali region, Central and Eastern.—By C. A. Hacket,

Geological Survey of India.

The portion of Rajputana and the surronnding country, of which the follow

ing is a brief sketch, is included between E. longs. 73" and 78° and N. lats. 24°

and 29°. Within these limits are situated the Native States of Bharatpur (Bhurt-

pore), Jaipur (Jeypore), Alwar (Ulwur), Dholpur, Keranli (Kerowlee), Kishen-

garh, Biindi (Boondee), and portions of Gwalior, Tonk, Kotah, Jhallawar, God-

war, Udepur (Oodeypore), Loharu, Putteala, Jhind, and Naba, as well as portions

of the districts of Ajmir (Ajmere), Delhi, Agra, Gurgaon, and Hissar.

The Arvali range of hills extends for a length of about

Description of the 300 mi, in a direction of nearly north-east-by-north (N.
Arvali range. J ' v

36E.) through this area near its western side.

The southern portion of the Arvali range within our area may be described

as the edge of a plateau presenting a steep face, in places upwards of 1,500 feet

in height, towards the north-west and with a gentle and almost imperceptible fall

towards the south-east, and having a number of narrow, roughly parallel disconti

nuous ridges rising above it, one of them to a height of about 1,200 feet, or
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3,200 feet above the level of the plain, 20 miles west of the range, and 4,239 feet

above the level of the sea.

North of Todgarh the range loses considerably in elevation, and the centre

is only a few hundred feet above the level of the plain to the west : thus Bedwar,

situated in the centre of the range, is only 340 feet higher than the plain at

Raipur on the western edge. The greatest height along the railway between

these places is only 68 feet above Beawar, although the hills just north of the

line, those of Chang, rise to a height of 850 feet above {his.

On the eastern side of the range there is a line of hills some 2 or 3 miles

broad and about 400 feet higher than Beawar; beyond these, at Masuda, the

level is nearly the same as at Beawar, and after crossing a belt of hilly ground

the open plain is reached about 30 miles east of Beawar, at a level of little

more than 100 feet lower.

For a distance of about a hundred miles north of Ajmir, the range is reduced

to a mere skeleton, and consists almost entirely of a number of narrow parallel

ridges 2 or 3 miles apart, and which can be passed through at nearly the level

of the plains to the east and west. The highest of these ridges occurs about

4 miles to the west of the Sambhar lake, and is about 1,250 feet above the

lake and 2,430 feet above sea level.

Further north, between Khandela and Khetri, the range again expands, and

near Raghundthgarh attains to an elevation of 3,450 feet above sea level ; but a

few miles north of Khetri, at Singhana, the range may be said to terminate, for

north of that are only a few broken narrow ridges rising abruptly from the plain,

and which terminate near Dadri, about 40 miles north of Singhana.

A second long line of hills forming the north-western edge of the Vindhyan

plateau extends across the eastern side of the area from

^ Fatehpur Sikri line of ratehpllr Sikri in a south-western direction through

Rimtumbour to near Chitorgarh, where the hills turn to

the south and afterwards in a south-easterly direction.

The elevations along this line are not nearly so great as in the Arvali range,

the highest being those of Rimtumbour fort 1,578 feet, Mandalgarh 1,783 feet, and

Chitorgarh 1,855 feet above sea level, the hill at the latter place being about 520

feet above the plain.

Another narrow and broken line of hills extends through the central por

tion of the area, roughly parallel to and about 25 miles distant from the Fa

tehpur Sikri line, terminating near Mandsaur to the south. This line of hills

is connected with the Fatehpur Sikri line to the north-east by the Biana hills,

and on the north-west with the Arvali range by the Alwar hills, which terminate

to the north in the ridge at Delhi.

The country between these three lines of hills towards the south is occupied

by a number of small hills, and a more or less continuous section of the rocks is

exposed ; but to the north, with the exception of a few short isolated ridges,

the whole country is covered by a wide sandy plain in which no rocks are

exposed.
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The greater part of the country west of the Arvali range consists of a sandy-

plain on which numberless long hills of blown sand

The country west of occnr . besides these there are a few 6hort narrow ridges

the Arvah range. ...  ,
having the same general direction as the range, and

between Sojat and Jodhpur a number of flat-topped hills varying in height from

100 to 300 feet above the level of the plain.

In my description of a portion of this area, the Alwar hills, in a previous

paper, 1 I placed the Ajabgarh and Mandan groups at the

YiouTdSsincation5 *oP of -^rva^ series above the Alwar quartzites. Upon

further examination of the series in the country to the

west, where the sections are less broken, I found that this was not the true inter

pretation of the section, but that both these groups were below the quartzites

in fact representatives of the Raialo group. I was led into this error by the

high dips of the rocks and by taking inversion for the normal sequence.

I also then included the Alwar quartzites with the Arvali series, but as in

the western area the quartzites are found to constantly overlap the lower rocks,

as also several cases of unconformity have been noticed, it is necessary to separate

these two series. As the quartzites extend up to Delhi and form the ridge there,

I now propose to call the quartzites and their associates in the Mandsaur hills

and elsewhere the Delhi series, retaining the name of the Alwar quartzites for

the lower member of the series.

The rocks occurring in the Arvali range consist of gneiss, mica and horn

blende schists, and limestone, mostly in the form of marble,

range0''8 °* ^ ArV"1' the representatives here of the Arvali series, and quartzite

probably the Alwar quartzite. The whole are much dis

turbed, most frequently nearly vertical, and repeated several times in the section.

It ia the Alwar quartzite, the rock highest in the'section within the range,

Al art 'te hroken, repeated and placed upon end, that forms all the
war quartzite. long narrow ridges that I have described as rising to a

considerable height above the general level of the range ; the highest peak in

the range south of Kamalgarh is formed of it, as well as the Taragarh hill near

Ajmir and the high peak in the northern end of the range near Raghunathgarh ;

the Khetri fort is built on it.

The best sections of the Arvali range are exposed in the Desuri, Dawer

^ ^ (Dewair of map), and Pipli passes ascending from the
ons o e range. western plains. The top of the Desuri pass section is nearly

2,000 feet above the level of the plain, 20 miles to the west, but not more than

1,500 above the town of Desuri situated at the foot of the pass. The pass is

about 5 miles in length, and from the top eastwards the fall is very gradual ; thus

the Kankroli lake, 20 miles distant to the south-east and nearly at the lowest

level on this side of the axis, is upwards of 400 feet higher than Desuri.

From Desuri towards the plain, there is a broad band of porphyritic gneiss,

forming hills from 200 to 500 feet in height. On the western side of the gneiss

there is a band of highly crystalline white marble capped by a small thickness

i Records, Vol. X, p. 84.
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of quartzite, presumably outliers of the rocks of the range. Between the eastern

edge of the gneiss at Desuri and the foot of the range, a distance of about \\

miles, the rocks are covered. The first rocks exposed at the bottom of the pass

are some calcareous beds followed by hornblende schists ; above this a con

siderable thickness of more or less impure limestones with black mica-schists

to the top of the pas3. The whole of the rocks in the pass dip at a high angle,

seldom less than 70°, most frequently to the east-north-east, but occasionally

west-south-west dips are met with. Near the top of the pass the angle of dip

become much lower, and at the top the rocks for a short distance are nearly

horizontal. About a mile east of this, at Jhilwara, some schists, made up of

quartz and actinolite, and frequently calcareous, rolling about at an angle of 40,

cover the mica-schists.

At a short distance south of Jhilwara several high ridges of bedded quartzite

occur in the section. They are all discontinuous, some of

Alwar quartzite south j c nr\ -i i i_ j.i i_ ir
of Jhflwara them upwards of 20 miles in length, frequently half a

mile and sometimes 2 miles in breadth, roughly parallel,

and at a distance apart varying from a quarter to 2 miles, the intervening low

ground being occupied by the schists ; some of them include a great thickness

of mostly vertical quartzite. They vary greatly in number in the section, and.

are frequently entirely absent.

No good section of the junction between the quartzite and the schists is

exposed, as it nsually takes place at the base of the high ridge, and is covered by

the fallen debris, but at the northern end of the eastern ridge, about 6 miles

east of Jhilwara, the schists are nearly horizontal and underlie the also nearly

horizontal quartzite.

The quartzite is clearly above the schists, and the different ridges are merely

repetitions of the same band of quartzite broken and rolled up with the schists.

As this quartzite holds the same relative position to the schists as the Alwar

quartzite of the Delhi series does in other parts, and as a connection, although

broken, can be traced to the undoubted Alwar quartzites of the Alwar hills, it

is most probable that this quartzite in the range is the Alwar quartzite.

From the eastern side of these ridges to Kankroli, distant about 12 miles to

the south-east, the section passes over dark mica-schists, including an occasional

bund of limestone, rolling and dipping most frequently at low angles both in an

eastern and western direction. The hills round the Kankroli lake are formed of

white marble, dipping to south-west and south at an angle of 30°. The schists of

this section often become very felspathic ; but the micaceous and felspathic schists

are so mixed up that I found it almost impossible to map their boundaries.

From Kankroli east to the granitic gneiss opposite Chitor the section

exposed is of a similar character ; some ridges of the Alwar quartzites are occa

sionally met with, as at Sander, Uprera, and Gagar.

In the whole of the section, from the foot of the Desuri pass to Kankroli»

granitic intrusions are exceedingly numerous : this is parti-
ntrusive granite. cularly the case in the pass and round about Jhilwara, where

the granite is more abundant than the schists. From a few miles east of Jhilwara
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they become less frequent. The granite is composed of pink or white orthoclaso

felspar with numerous nests of large plates of mica (but sometimes the mica is

entirely absent) quartz in very varying proportion, and tourmaline, which is

seldom entirely absent and usually is very [abundant. The veins vary in size

from an eighth of an inch to several yards in thickness : they, mostly run parallel

to the strike of the schists, but frequently cross it at all angles.

The granite is almost confined to the schists, but a few veins are occasionally

seen in the gneiss and sometimes in the Alwar quartzites.

In the map annexed to this, paper the granite is only indicated where most

abundant, as along the axis of the range ; but it also occurs in large quantities

on both sides. It is also occasionally met with in the schists between the range

and Chitor, and also on the northern flank of the band of schists south of

Deoli. Frequently the granite veins near their termination pass into quartz

veins.

A good example of the granite veins crossing the strike of the schists can be

seen about 10 miles north of Jhilwara, where a perfect network of veins crosses

the schists in all directions, leaving bits of them, a few feet across, enclosed

and surrounded by the granite.

The Dawer pass is about 16 miles north of the Desuri, which it resembles

_ ,. both in profile and structure. From Kot, at the base, to
Dawer section. * '

the top ot the pass at Dawer, the ascent is steep, with a

difference of level of about 1,200 feet ; but to the east of Dawer the fall is very

gradual. The rocks of the pass consist of schists and bands of white marble, the

actinolite schists occurring at the top and at Dawer. For the whole way up to

the quartzite, at 2 miles east of Dawer, the dips are high, seldom less than 70°, in

both an eastern and western direction ; but from the quartzite ridge eastwards,

the rocks begin to roll at an angle of 20° to 40". The section, from this point for

a long distance to the east, consists of mica schists frequently felspathic and

often including bands of limestone. At about 4 miles east of the quartzite

ridge, the section passes over a large pile of hills, about 4 miles long and 1J

broad, formed of massive quartzite, but which does not continue in the section

either to the north or south, and is therefore presumably the Alwar quartzite.

The whole section contains innumerable granitic intrusions, particularly at

the foot of the pass at Kot, in the centre of the range at Dawer, and surrounding

the large quartzite hill.

The section in the Pipli pass, about 12 miles further north, does not

Pipli section differ materially from those of the other two passes, except

in the more frequent quartzite ridges. In this pass (or

rather just to the north of it) near the western end is a high ridge of nearly

vertical quartzite, the highest point of which is the Garam H. S., 3,075 feet

above sea level; but the quartzite is not seen in the pass, although crossing the

line of its strike. The ridge is about 4 miles long and terminates equally

abruptly at the northern end. Several other ridges of quartzite, as about

Deogarh, cross the section, all equally discontinuous and presumably all belonging

to the Alwar quartzites. Gneiss is met with about 7 miles east of Pipli, the



284 [vol. xit.Records of the Geological Sui-vey of India.

intervening ground being occupied by schists and bands of limestone. Granitic

intrusions are as numerous in this section as in the other two.

At Todgarh, situated in the centre of the range about 8 miles north of

Pipli, the granitic intrusions are so numerous as to be in

To^gar^ mtrusl°ns Bt excess of the other rocks in the section. Prom here to

the north, the height of the range is greatly diminished, as

from Todgarh to Barakhar (both in the centre of the range) there is a fall of

several hundred feet.

Continuing north from Barakhar to Beawar,, the axis of the range is only a

few hundred feet above the level of the plain on either side, although the hills on

both sides rise to several hundred feet higher. The granite intrusions are

exceedingly numerous in the low country in the axis of the range.

The section across the range at Beawar differs from the other sections in the

quantity of gneiss exposed in it. The gneiss forms hills

111 '' " ' ' rising to nearly 1,000 feet above the level of Beawar.

From Beawar, the western side of the range is reached by the Bar pass, which

winds through these hills and never attains any great elevation. From Beawar

west to the eastern edge of the hills, hardly any other rock but the granite is

exposed. Just west of the town, the church is built on a ridge of schistose quartz-

ite, but which along its continuation further north, at Makrera, passes into massive

quartzite, and is probably the Alwar quartzite. In the little river at Thikrana

there is an outcrop of gneiss ; where the road passes into the hills near Sarfidhna,

the outer ridge is formed of white quartzite, dipping to east, and full of granite *

intrusions. To the west ol this is a considerable thickness of calcareous beds and

schists, and then a quartzite in contact with the large pile
Gneiss in e pass. ^ gneiss 0f Chang and Sendra. The outside quartzite ridge

is presumably Alwar ; but the second band (that resting against the gneiss) can

hardly be so, as it is inseparable from the gneiss, and the Alwar quartzite in other

places is known to rest unconformably on a gneiss; but, on the other hand, the

quartzite does not appear to be constant in the section, for at Chang and near

Sendra the rocks in contact with the gneiss are schists. There is a quartzite in the

railway cutting east of the Sendra station, but a considerable thickness of schists

separates it from the gneiss; the overlap of the Alwar quartzite is, however,

so frequent that it might be found anywhere.

From Saradhna, the road passes through the gneiss hills for several miles to

near Sendra, when the schists and limestone again come in and are repeated

several times in the next 3 miles between Sendra and Chauki. A couple of

bands of quartzite occur in this portion of the section, but not as a bottom rock,

and they are probably Alwars. About a quarter of a mile south of the road,

another large pile of hills of gneiss occurs encircled by the schists and limestone.

For a mile west of Chauki the road passes over another patch of gneiss, where

the relation of the schists to the gneiss is well seen ; the two are inseparabte

there is alternation, and large blocks of the schists are included in the gneiss.

From this patch of gneiss to the western edge of the hills (a distance

of about 4 miles), the road passes over schists and limestone repeated several
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times. At the western side of the range the schists become felspathic ; and a little

further west, in the plain, there is a hillock of gneiss. In the whole of the

section of the Bar pass I did not notice a single instance of a granite intrusion ;

but on the western side of the range near Bar, it again became frequent.

West of Bar, to Jhunta, distant about 8 miles, the road passes over the plain,

on which some hills- of blown sand occur, nearly 200 feet in height. At Jhunta

there is an outlying ridge formed of the schists and limestone, in which granite

Vndh ana at So'at intrusions are numerous. For the next 20 miles along

the road, no more rocks are exposed, but at Sojat the

schists again crop up, with the nearly horizontal Vindhyans resting upon their

upturned edges.

From Beawar eastwards, the section along the road for the first 5 miles,

Section east of Beawar *0 of ^e h^8' *s verv imperfect ; it appears to

consist, to a great extent, of intrusive granite ;—the only

other rocks seen are some schists at Beawar and Gadi, three low ridges of

Alwar quartzites, all dipping to the west, with some actinolite schists under-

lying the eastern ridge. The road then ascends the hills, about 350 feet in

height, consisting to a great extent of limestone more or less pure. In these

hills, about 2 miles in width, no granite intrusions were observed ; but on the

eastern side, near Khimpura, they again become numerous. East of Khimpura

the section passes over some dark mica-schists, which further east become

felspathic, and east of Masuda foliated gneiss occurs. East of this band of gneiss,

the black schists again come in with some quartzite, apparently above them ;

~ • . ..... both are more or less felspathic. Further east, the BhinaiGneiss on Bhmai hills. r ~ . .

hills are formed of a peculiar kind of gneiss, being not

much more than a quartzite containing some felspar ; it dips at low angles, the

southern side to the north and the northern to south, and does not differ much

from the quartzite above the schists west of Masuda, except that it may be some

what more felspathic. On the southern side of the Bhinai hills are some hills of

a granitic gneiss, but no junction between the two kinds of gneiss was exposed.

Bhinai is near the edge of the plain, and a few miles to the east is an isolated

hill about 70 feet high, formed of a nearly horizontal and slightly felspathic and

garnetiferous quartzite, resting upon schists and hornblendic beds.

The section across the range at Ajmir differs from the others in the number

Ajmfr section s*ze of "^ges of quartzite which cross it. At the

city, the Taragarh hill, formed of the Alwar quartzites,

rises to a height of upwards of 1,300 feet above the level of the country near Ajmir.

This quartzite is repeated in the ridge east of the Ana Sagar ; it here forms

an anticlinal, the western limb of which is seen in the pass leading to Pohkar ;

under the eastern limb, on its western side, are some schists dipping to east, and

which on the low ground become gneissose ; near the axis of the anticlinal these

gneissose schists are horizontal. In the Pohkar pass the rocks all dip to west,

near the base at a low angle and at top much higher. The foot of the pass is in

mica-schist, which higher up becomes gneissose and succeeded by more schists

capped by the Alwar quartzites dipping at 70° to west. The next two ridges

B
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(those east and west of Pohkar) are formed exclusively of the Alwar quartzites,

and the westernmost ridge of the range, about 4 miles further on, facing the plain

is also formed of Alwar quartzites dipping to west, with some schists and lime

stone on the eastern side. The ground between these ridges is covered by blown

sand.

East of Ajmir, the Alwar quartzites are repeated five times in the section, the

intervening low ground being occupied by schists and limestone in which

intrusive granite is of frequent occurrence.

At Srinagar, the eastern ridge of quartzite is very felspathic. This is better

seen near Bara Udepur, a few miles to the north, where the felspar is arranged

between the laminae, and varies in thickness from a thin film to an inch, and

sometimes nearly a foot. It ia probably due to the granite intrusions. Fnrther

east, after crossing 2 or 3 miles of schists, more or less felspathic, the section

passes on to foliated gneiss, which continues for several miles, up to the plains

on the east.

North of Ajmir, the range becomes very broken, and near the SSmbhar lake it

consists almost entirely of the Alwar quartzites, repeated

Ajmfr rane° nortl1 °* five or six times, forming high, narrow, parallel, nearly

vertical ridges a mile or so apart, the intervening ground

being covered- by blown sand. Under some of the ridges a small thickness

of the schists is exposed, and at Makrana, on the western side of the range,

tho famous white marble quarries are situated. The marble occurs in some low

ridges, in very regular beds, about 2 feet in thickness, dipping at 70" to east.

The longest of these ridges is about 5 miles in length.

About 50 miles fnrther north, the range again becomes more important both

_ . in elevation and breadth. The sections are very similar,
Khctn. . ... ,

except that they contain very few granite intrusions, and

consist of gneiss, schists, and limestone, with the Alwar quartzite capping them

and forming the high peaks. The famous old copper mines of Khetri and

Singhana are situated in this portion of the range ; the former occurs in the

schists, and the latter in the quartzites.

The Arvali range may almost be said to terminate at Singhana, for, north of

Fl 'bio sandstone. this, the quartzites alone continue and form a few narrow

broken ridges to near Dadri, about 40 miles distant.

The ' flexible sandstone ' occurs at Kaliana, in one of the quartzite ridges near

their termination. The Alwar quartzite at this place is largely quarried for

millstones, and the flexible rock is well exposed in the quarries. It appears to

be very local in its occurrence, and the flexible character is not continuous for

many feet, even in the same bed ; it seems to be a partially decomposed condition

of the millstone-quartzite.1

The northern portion of the Arvali range, about Singhana, is connected with

the Alwar hills by the hills in Torawfiti. The rocks at tho

hills "u^ectS^ A1* northe™ end of these hills strike in a line parallel to those

of the Arvali range, but within a short distance the

1 Records, Vol. VII, p. 30.
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strike bends southwards, and the hills extend in that direction to a short

distance beyond Jaipur.

The sections in the Torawati hills are similar to those of the Arvali hills, and

extend from the gneiss to the Alwar quartzite. Intrusive granite is very

abundant in the schists near where the Lota river cuts through the hills. South

of Ajitgarh, the ridges are formed almost entirely of the Alwar quartzite, and

the fort at Jaipur is built on it.

These quartzites are continuous through the Alwar hills, where they are

Al ar hills largely developed, three-fourths of the hills being formed

of them. In these hills the quartzites are almost always

nearly vertical, and much twisted along the strike, sometimes describing a

complete semi-circle ; they hero include a number of thick bands of contem

poraneous trap. This is also the case in the adjoining

wax hull r°C''8 1" the part of the Arvali range, near Khandela. The older rocks

occur in the Ajabgarh valley, near Baldeogarh, and east

and south of the city of Alwar, and consist of schists and slates containing

crystals of andalusite staurolite and garnet ; and limestones, often in the form

of marble and frequently containing actinolite ; and gneiss. All are probably

the representatives of the Arvali series—in fact, the slates in the Ajabgarh

valley can be traced, through a broken line of hills, into connection with those of

the range. The line of hills is broken, the hills being in some cases several miles

apart ; but as they occur along the line of strike, and the slates in all of them

are very similar, there can be little doubt that they are all formed of the same

band of rock.

The northern extremity of these hills is some miles west of Rewari, where

the slates are largely quarried for roofing purposes. From this point another

nearly continous line of these slates extends in a south-west direction, or some

what oblique to the other line, into the Arvali range, and there underlie the

quartzites.

At the southern extremity of the Alwar hills the quartzites overlap the slates

and limestone, and rest directly npon the gneiss.

East of the Alwar hills, the rock most frequently exposed is the Alwar

quartzite, forming long roughly parallel ridges and some

thoAlwar hill? ^ "* large piles of hills separated from each other and sur

rounded by the alluvium. In the hills round Kaman, in

Bharatpur, no other rocks are exposed ; but in the hills near Dig (Deeg), a con-

Slates at Dfg siderable thickness of the Arvali slates is exposed, dipping

at low angles, capped by a few beds of Alwar quartzite

and surrounded by alluvium.

The Fatehpwr Sikri line of hills.—At the northern end of this line, the rocks

TT ... ,, of the Upper Vindhyan series face the plain to the north-
Upper v mdhvans. m • » n .'

west. The ruinous town and palace of Fatehpur Sikri

are built on a ridge of the Bhanrer sandstone, the highest group of the series.

The two lower groups of the series, the Rewa and Kaimur, occur in broken

isolated ridges a short distance to the north-west of the Bhanrer scarp.
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About 30 miles down the line, in a south-westerly direction, the Biana

hills, in which the Alwar quartzites are largely, developed, occur at about 2 miles

to the north-west of the Vindhyans ; but the intervening ground is covered by the

Hindaun alluvium. Near Hindaun, a few miles further south-west,

there is a long broken ridge, formed of nearly vertical

banded red jasper, black slates, and limestone, with a band of quartzite resting

unconformably on them. The jasper, &c., undoubtedly belong to what has

hitherto been described as the Gwalior series, and which there is some evidence

to think forms part of the Arvali series. The quartzites are probably the Alwar

quartzites.

No junction between these rocks and the Vindhyans is exposed ; but as the

Vindhyan sandstone in the Bangu hill overlaps the line of the Arvali rocks, and

the bottom beds of the sandstone are conglomeratic, with pebbles of red jasper,

there can be little doubt the Vindhyans rest unconformably upon the older rocks.

From near Hindaun and for a long distance to the south-west, the boundary of

this main Vindhyan area is a faulted one. The northern

end of the fault dies out within the Vindhyan area

near Machilpur, about 10 miles east of Hindaun ; but^at a short distance' south

of Kerauli the Bhanrer sandstone is faulted against a ridge of the Alwar

quartzite.

The Bhanrer sandstone, on the south-east side of the line of fault, is nearly

horizontal. It continues for a long way in that direction, and forms the high

land overlooking the Chambal river. On the other side of the fault, the

Alwar quartzite dips at a high angle to the north-west. Resting upon the

quartzite is a thick band of limestone with a siliceous breccia above it : and

^ »i • it- ji above that, sandstone, with two alternations of shales and
Outlying Vindhyans. '

sandstone, to the top of the section. These sandstones

and shales are most probably the lower groups of the Upper Vindhyans, as they

resemble them both in section and character.

The limestone and breccia are inseparable from the lower sandstone, for in

T TT. a hill north of Naroli some beds of the breccia are
Lower vindhyang.

intercalated with the lower beds of the sandstone, so trat

probably the limestone and breccia are the representatives of the Lower

Vindhyans in this area ; they would correspond to the Tirhowan (Rotas) lime

stone and breccia of that series in Bundelkhand. These rocks form two shallow

synclinals, extending for about 12 miles along the north-west of the fault.

The synclinals do not extend far south, and only the Lower Vindhyans cross the

Banis river.

No satisfactory junctions are exposed between the Alwar quartzite and the

overlying limestone near the fault ; but at the south-western end of the western

synclinal, in the Malarna hills, the Lower Vindhyans rest unconformably upon

the schists (Arvali) below the Alwar quartzites.

South of the Banas river, the Alwar quartzite expands into a broad belt of

„. , , .„ hills, upon which the old fort of Rimtumbour is built ;
Rimtumbour lulls. r , _ ., . ., •, '

they are nearly 5 miles wide, and present a steep scarp,
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several hnndred feet in height on either side. The quartzites form a shallow

synclinal, the dips on either side being never more than 20 degrees and more

frequently at 10 degrees. They include several bands of contemporaneous trap,

some upwards of 50 feet in thickness.

The unconformity between the Lower Vindhyans and the Alwar qnartzites

is well seen in these hills. The limestone and breccia cross the Banas and

rest upon the quartzites at the northern end of the hills ; but on their western side

the limestone rests upon the schists at the base of the high scarp of quartzites,

these schists (Arvali) being of course below the quartzites in the section. Near

Sherpur there is a considerable thickness of a boulder conglomerate below the

limestone, formed of large boulders of quartzites, very like, and most probably

derived from, the Alwar quartzites of the Rimtumbour hills, only a few hundred

yards distant. From a few miles south-west of Sherpur, the Lower Vindhyans

are not again seen along the line on the north-western side of the fault.

Good sections of the fa alt are exposed on the eastern side of the Rimtumbour

_ ,. , , ,, hills, where the shales below the Bhanrer sandstone are
Section of fault. . . _ .

seen nearly in contact with the quartzite.

The next important section along the line is near Indargarh. A short distance

Indargarh north-west of the town, the Bhanrer group, consisting

of the sandstone shales and limestone, dipping at an angle

of 20 degrees to north-west, runs from the south almost at right angles into a large

hill of Alwar quartzites, against which it is faulted. The two lower gronps of the

Upper Vindhyans (the Rewa and Kaimur) are exposed in the narrow belt of hills

on the south-eastern side of the fault dipping below the Bhanrers.

At Biindi, about 40 miles further south-west along the fault line, inside

Bftnd. the gateway at the gap about 3 miles north of the city,

the Bhanrer limestone is faulted against a great ridge

of quartz rock, without bedding, that may be a quartz reef running along the

line of fault. As at Indargarh, both the Rewa and Kaimur groups of the

Upper Vindhyans are found dipping under the Bhanrer limestone in the belt of

hills about Biindi, on the southern side of the fault. On the northern side of

the fault there is a wide spread of Arvali slates extending from the ridge of

quartzite to near Deoli, about 25 miles distant.

In the projecting hills, a short distance north of the gateway and on the

northern side of the fault, there is a considerable thick-

.iIiofhS.°nn°rtbern ness of nearly horizontal sandstone, extending three-

fourths of the way to Indargarh. It mostly dips at low

angles and forms hills, in places several hundred feet high. On the northern

side no junctions are exposed between it and the slates ; but at the termina

tion of the sandstone, in the projection north-east of the gateway, it rests

upon the slates. The slates at the base and half way up the hills are somewhat

contorted, and the capping of horizontal sandstone rests upon the edges of the

different beds. The quartz rocks and slates continue for a few miles east on the

southern side of the sandstone, but no junctions were observed.

This sandstone is probably an outlier of the Kaimur, the lowest group of the

Upper Vindhyans, on the northern side of the fault.
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For about 50 miles south-west of Bundi the Upper Vindhyans are faulted

against the older rocks, to near Barundni, where the

Western boundary of western boundary may be said to begin. Along this

the Vindhyans. western boundary the three Upper Vindhyan groups occur :

the Kaimurs form a ridge of sandstone dipping at about 70° to east, being in con

tact with the gneiss at the base of the ridge on the west ; the Rewas form a second

parallel ridge, 200 or 300 yards further east, also dipping to the east, below

the Bhanrers. At their northern end these ridges are cut off by the fault near

Barundni.

The fault probably continues some distance further in a westerly direction,

west of Barundni, but it is not easy to trace it beyond the

Continuation of the Vindhyan boundary. The line of junction between the

fault westwards. , ' , ., , .
slates to the north and the gneiss to the south being in a

direct line with tho fault, probably marks its continuation, bnt no section of this

junction is exposed.

The Arvali slates on the northern side of the fault between Biindi and Deoli

are somewhat contorted near the fault, and contain bands

di and Deoli. ' of limestone ; but from about a mile north, to Hindoli,

the section consists entirely of slates, imperfectly cleaved,

and dipping at about an angle of 50°, to north-30°-west. North of Hindoli, the

section passes over some quartz schists dipping at about 30° to north ; and near

Rosundo slates with thin bands of quartzites dip at lower angles ; between this

and Kabra the schists begin to roll, and include large veins of quartz with a strike

parallel to that of the schist. After passing over more slates and limestone

with low dips, the section consists of mica schists frequently garnetiferous, and

the last 3 miles of |the schists up to the alluvium contain innumerable granite

veins.

Other sections across this band of slates vary slightly from that just given :

thus at Datunda, about 10 miles west of Biindi, there are

Datunda. some purple-coloured slates, much contorted, on the

northern side of the fault, dipping under a band of quartzite

on which Datunda is built ; the quartzite dips north at about 40' below some slates

and a thick band of limestone—the former containing some trap. On this section

too there are some large ridges of quartzite, presumably the Alwar quartzite, at

Jhajpur and near Sakargarh.

Mandalgarh, situated about a mile north of the fault, is built on a large hill

several miles in length of the Alwar quartzites resting upon the slates. The

quartzite contains several thick bands of contemporaneous trap similar to that of

the Rimtumbour and Alwar hills. Another large hill of the Alwar quartzite

occurs about 4 miles east of Mandalgarh.

On the plain to the north of Deoli, several large hills occur. The principal of

these are those of Rajmahal, Sawar, and Tonk. The

Hj"8« vthe plain Rajmahal hills are formed of high ridges of quartzite,
north of Deoli. J ,.

presumably Alwars, with highly garnetiferous schists on

the low ground. Numerous pits have been sunk in the schists in search of gar

nets, but the workings are now abandoned.
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The Sawar and Tonk hills are also formed of the Alwar quartzite rolled up

with the Arvali schists. The former occur in high nearly vertical ridges. The

schists in the Sawar hills contain some tbick bands of limestone.

The western boundary of the Kaimur sandstone, the lowest group of the

Upper Vindhyans, extends from near Barundni in a

Western boundary of i_ j. . -d • a -it,- j -i e
the Vindhyans, southerly direction past Basi, to within a dozen miles of

Nimach (Neemuch), when the boundary turns to the

east and extends in that direction in an irregular line to a short distance east of

Jhalrapatan, where it is covered by the Deccan trap. Between Barundni and

Basi, the Kaimur sandstone dips at a high angle towards the east, but thence to

Jhalrapatan it becomes nearly horizontal and forms a scarp upwards of 500 feet

in height.

Several outliers of the Kaimur sandstone occur in tbe lower country to the

west, on one of which, about 3 miles distant from the main hills, Chftorgarh

is built.

Between Barundni and Basi the Kaimur sandstone is in contact with the

Lower Vindhyana gneiss, but south of Basi^the Lower Vindhyans intervene

and occupy the low country in front of the scarp the whole

way round to Jhalrapatan.

There is some doubt as to which series the rocks on the low ground in the

neighbourhood of Basi belong. The scarp is formed of

Basi"115' Ul r°Ck9 ne<lr olive-green shales, containing thin bands of sandstone,

which become more and more numerous on ascending and

imperceptibly pass into the Kaimur sandstone capping the scarp. There can be

no doubt that the whole of these are Vindhyans ; but at the base of the scarp '

are some dove-coloured slates with some bands of grey quartzite in the low hills

a short distance to the west. The slates are a good deal disturbed and dip at

30° to the north a short distance from the nearly horizontal Vindhyan shales. I

think it probablo that the slates are Arvali and the quartzite Alwars.

But a few miles to the south-west the Lower Vindhyans are well developed

and occupy a large area. They consist of shales, limestone,

CWtor8r VmdhylU18 near and sandstone, often conglomeratic and sometimes con

taining large boulders.

The only section that I observed of the junction of the Lower Vindhyans

with the rocks below was about 3 miles north-east of

Junction of LowerVin Binota, where the former rest upon the quartzite of the

dhyans with roc -s e ow. jjg^jii series. The quartzite dips at about 10° to the west,

and upon this rests a fine conglomeratic sandstone, here the bottom bed of the

Lower Vindhyans ; above this comes a considerable thickness of red shales dipping

under a thin and regularly-bedded blue limestone, very fine in texture and ap

parently suitable for lithographic purposes. About half way across to Binota

the dip changes to east and the lower beds are again exposed. After passing

over the limestone and red shales, the finely conglomeratic brown sandstone

appears, but not as a bottom rock, for below this is some thickness of uncon-

glomeratic sandstone ; but the lowest beds seen do contain large boulders of
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quartzite, one measuring 3 feet across. Neither the bottom beds nor the rocks

upon which they rest are exposed in this western exposure.

Although no other junction section was observed in the main area of the Lower

Vindhyans, still near Kanoj, about 3 miles west of

Outlier of Lower Vm- their western boundary, there are some large outliers of

the Lower Vindhyans resting perfectly unconformably

upon quartzite and some trap probably Alwar rocks. The bottom sandstone of

the Lower Vindhyans crosses the strike of the quartzite, and contains large

boulders of it. When the sandstone rests upon the trap it includes a good deal

of decomposed trap, presumably derived from the trap below, and boulders of

quartzite.

The best sections of the Lower Vindhyans are exposed in the neighbourhood of

Chitor. A portion of the red shales is seen below the lime-

Section of Lower 8tone, near the western boundary. The limestone is repeat-

' ed several times in the section and is seen on both sides

of the Chitorgarh hill. Above this are some red slaty beds which pass into the

olive-green shales and thin-bedded sandstones, which gradually pass into the

Kaimur sandstone of the scarp.

It would seem probable that the Lower Vindhyans were cut off to the north

by a fault, for north of Chitor the limestone striking

faulted" Vindhyans north and south runs close up to a band of quartzite

striking north-east ; but there is about a hundred yards

of covered ground between the two, in which the lower beds may exist. Again,

further west, near Nagri, another parallel fold of the limestone, with a north

and south strike, extends to within a short distance of the gneiss. North-west of

this the limestone does not appear in the section, but the shales above are brought

in contact with the older rocks.

It may be that the supposed fault extends to the north-east and joins the

main boundary fault near Barundni, for between that and Basi the Lower Vin

dhyans are cut out of the section, and the Kaimur sandstone is brought against

the gneiss.

To the south, in the neighbourhood of Nimach, the continuation of the Lower

Vindhyans is covered by the Deccan trap. The limestone

Southern boundary of ^ 8outh q{ Jawad but east of that Qnl a narrow

the Lower Vindhjuns. ' J _

fringe of them is exposed between the scarp of Kaimur

sandstone to the north and the Deccan trap to the south.

Near Rampura, the Kaimur sandstone by a change of dip to the south

forms a narrow anticlinal, in which the upper beds of
Anticlinal in Vindhyana. ^ Lower Vindhyans, and occasionally the limestone,

are seen. This anticlinal extends east to a few miles east of Jhalrapatan, where

the Deccan trap covers its continuation east and spreads over the Kaimur sand

stone.

The series of rocks that I have named the Delhi series, from the quarteites

of the ridge at Delhi forming a portion of the series, is

Delhi sanes. largely developed to the west and south of Nimach.
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It forms three roughly parallel ranges of hills rnnning nearly north and south,

which are mostly connected on the low ground by the lower rocks of the series.

Elsewhere the connection is broken by outcrops of the older rocks, or by wide

spreads of the Deccan trap. The eastern and longest range extends from near

Nimbahera on the north to Mandsaur on the south. Although it is broken in

two places by flows of the Deccan trap passing between the hills, there can be

no doubt that the rocks all belong to the Delhi series. The second or middle

range is that of Ohhoti Sadri, and the third or western that of Bari Sadri.

The rocks of the two former are covered on the north by the Lower Vindhy-

ans, and to the south those of the eastern range are surrounded by the Deccan

trap near Mandsaur, and the middle range rests upon the gneiss. Those of the

western range rest upon three sides upon the gneiss, and on the fourth or east

ern side are connected in the low ground with the other ranges by the lowest

beds of the series.

The Delhi series in these hills consists of a conglomeratic sandstone, or im

pure limestone at base, covered by about 200 feet of shales, and capped by a vary

ing thickness of quartzite.

The dips are mostly low, seldom higher than 20°, and in the Mandsaur hills

nearly horizontal, but in the Bari Sadri hills are frequently high and some

times vertical.

A nearly continuous section of the series can be obtained across the three

ranges along a line west from Jiran. At Jiran, the lower

wtrtfrom Jk£nlhi Portion of the toP quartzite dips to the east below the Dec-

can trap. West of this ridge, the shales dip east below the

quartzite. On crossing the low ground to west, the shales change their dip to west,

and dip under the quartzite in the pass leading to Chitakhera ; thence west, the line

passes over several miles of nearly horizontal quartzite, which on the western

side of the eastern range dips to west, re-appearing in the middle range with an

eastern dip. This synclinal in the quartzite is filled, for a width of about 2

miles, with the Deccan trap. After crossing 3 miles of nearly horizontal

quartzite and descending the ghat west of Chhoti Sadri, the shales are again seen

dipping under the quartzite to east. The shales dipping in both directions

continue for some distance in the section, when in the low ground the lowest

beds are reached, consisting of either a conglomeratic quartzite or an impure

limestone containing small pebbles of rolled quartz. They both appear as the

bottom beds in places. On the eastern side of the western range the shales again

appear, dipping west under the quartzite. The quartzite of this western range

is far more disturbed than in the other ranges, is often vertical, and there is a

much greater thickness of it. On the western side, the last beds of quartzite

dip at 603 to east, with small outcrops of shales on the low ground ; but the

section from the hills to the gneiss, a short distance further west, is mostly

covered.

Along this section the rocks upon which the Delhi series rest are not ex

posed ; but a short distance south of the line, near

^ Hottom beds of Delhi Dhanlap4lli, gneiss is Reen . and though no absolute

junction section is exposed, still there can be no doubt as

c
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to the relation of the two, for the bottom beds of the Delhi series, the conglo

meratic quartzite, contains pebbles of the gneiss, and for some distance south

small outlying patches of the conglomerate are met with, resting upon the

gneiss.

The best sections of the shales are met with in the Mandsaur hills, where the

shales are nearly horizontal and about 200 feet thick, cap-

ped by about 100 feet of quartzite. The bottom beds are

not seen in these hills, and the top quartzite, on the eastern side of the hills, takes

a sudden dip to the east below the Deccan trap.

A broken section of the lower beds is exposed north of Bari Sadri. The town

is built on the edge of the hills of the upper quartzite,

SddAti°n n°rth °f Barf which here diPs to south- North of this there is a ^oke11

section of shales with a band of limestone, and dipping

under these is a thick band of a dark-blue schistose quartzite in places containing

pebbles of quartzite, but not in the bottom beds, for those below of a similar

quartzite contain no pebbles ; and dipping below this, at Khardeola, is another

thick band of white quartzite, forming a hill 200 feet high. The bottom beds of

the series are not exposed, but a short distance to the north-east the Arvali rocks

come in, and to the north-west the gneiss. This white quartzite continues along

the eastern boundary, but the junctions with the older rocks are covered by a

large outlier of the Deccan trap.

Another good section of these rocks may be seen north-west of Karma la ; the

village stands on a horizontal floor of a sandy con

glomeratic limestone, the bottom rock, which stretches

a long way to the south and is continuous with the junction rocks north of

Dhaulapani. A short distance to the west, the section passes on to the Arvali

elates and limestone, but no junctions were observed.

To the north-west, immediately above the conglomerate, there is some thickness

of a sort of hornstone and quartzite, and then the shales capped by the upper

quartzites, the whole horizontal.

So far the Delhi series, in these hills, is completely isolated, for it rests

unconformably on the gneiss, and is covered unconformably

.iX^i ferie" h? either .tho Lower Viadhyans or the Deccan trap, and

has no direct connection with the rocks to the north ;

but I think I can show that tho Alwar quartzite is probably its representative

in the Arvali range and other parts.

North of Bari Sadri, and extending up north to Mangrnp on the Banas, a

distance of about 60 miles, are a number of broken ridges

^Quartzite ridges north &nd ]arge hiUf} of quartzite, those near Badesar and

Gangar being several miles wide, having the same rela

tions to the gneiss and the Arvali rocks as the Delhi series, and which are pro

bably its representatives.

The first of these ridges occurs at Bhanuga, about 8 miles north of Bari

Sddri, where the quartzite describes a semi-circle, in the inside of which it rests

directly upon the gneiss : but at the northern end of the ridge it rests upon the
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Arvali limestone. Some brown massive hornstone beds occur at the base, but

pass up into white compact quartzite. In another parallel ridge a short dis

tance east, the hornstone beds rest upon the limestone of the Arvali series. This

ridge is in a direct line with, and about 7 miles north of, the ridge of hornstone

and quartzite occurring in the Karmala section of the Delhi series ; and between

there are several large outlying hills of hornstone and quartzite, exactly similar

to those in the ridge to the north and at Karm&la ; the largest are those of Suror

and Benota,—the former resting upon the Arvali limestone, and the latter on

schists on the eastern side, and the limestone on the western side, of the hill.

But further proof of the identity of these quartzites with those of the Delhi

„ , ,. x. series is found in one of these large hills of quartzite at
Fandoli section. . .

Pandoli. In the small hills about a mile west of the

town a fine conglomeratic quartzite rests upon the gneiss and dips at an angle

of 10° under a brown limestone, also conglomeratic, which a short distance

north of Pandoli dips under a great hill of quartzite. These lower beds are

exactly similar to the bottom beds of the Delhi series in the Sadri hills.

Another similar section occurs under the ridge at Borda, about 4 miles

Borda section *o ^e n0T^- -The fP^i8s is exposed in a well a short dis

tance east of the town. A few yards west of the well there

is a terrace formed of about 30 feet of thick-bedded quartzite, dipping at a low

angle to the west, below a brown limestone and some shales covered by the white

quartzite of the ridge. No sections are exposed on the western side of the ridge ;

but the gneiss again appears a short distance from the ridge.

Another junction section occurs at the southern end of the Gangar hills, at

Phutauli section Phutanli, a few miles north of Chitor, where a fine

conglomeratic quartzite rests upon an eroded surface of

the gneiss ; and about 3 miles north, on the western side of the hills, the

quartzite rests unconformably on the Arvali slates. No limestone appears in this

section.

This broad belt of quartzite terminates at Mangrup, where the quartzites are

nearly horizontal and rest upon the slates ; but no junction between the two was

observed.

Similar quartzites again make their appearance at Jawal, about 20 miles to the

north-east, the intervening low ground being occupied

^Unconformity at Ja- ^ slates and a schistose gneiss. At Jawal the hill is capped

by a patch of quartzite npwards of a square mile in extent,

which dips at a low angle to the north, and has a conglomerate at base, resting

upon the edges of the nearly vertical slates.

This quartzite continues in a broken line a long way to the north-east to

near Deoli, along the northern edge of the band of slates. North-east of this

they form a narrow ridge extending to beyond Baunli, with a narrow strip of

slates dipping below them on the southern side.* There is a break of a few miles

between the northern termination of the Baunli ridge, where the Morel river

crosses, and the quartzites in the Lalsot hills, which occur along this line and are

doubtless the continuation of the same quartzites- The quartzites of the Lalsot

hills are in direct connexion with those of the Alwar hills, so that there can be
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little doubt that the whole of these ridges and hills of quartzite extending from

Bari Sadri are the Alwar quartzites.

Besides this long connecting chain of quartzites, there are other nearly

parallel lines of quartzite, having the same relations to the rocks below them.

The principal of these extend from the boundary of the alluvium at Banera in a

south-west direction for about 40 miles. The line is very broken and discon

nected, but still presumably the quartzites are Alwars.

There can be no doubt as to the relations of the Arvali series to the gneiss, for,

in the numerous junction sections between the two (some of

AiWitatoIhe gneiss. ° which have already been described), they are inseparable

and so mixed up togethor as to make the mapping almost

impossible. Good instances of this occur in the Bar pass, near Chauki, where long

lengths of the schists arc included in the gneiss and are partially converted into it ;

and in the low country on the eastern side of the range about Kankroli and

Karera, where the schists alternate with, and pass into, the gneiss.

But the connection between the gneiss and the Alwar
Relations of Alwar . .. , , . .,, ... , ,.

quartzite to gneiss. quartzite is not so clear, as the sections within the Arvali

range appear to contradict those in other parts of the area.

On the eastern side of the area, at the southern end of the Alwar hills, in

the deep bay in which Talra is situated, good junction

area?*'°118 eos*enl sections between the quartzite and the gneiss are exposed.

The bay is formed of a semi-circle of the Alwar quartzite,

and in its centre are several hills of a granitic gneiss, which also crops out in

places from beneath the quartzite at the sides of the bay. The junctions are very

sharp, and the quartzite resting upon the gneiss is conglomeratic and made up of

rolled quartz pebbles with a good deal of pink felspar filling up the interstices,

both apparently derived from the gneiss. At the head of the bay there is a con

siderable thickness of the conglomeratic quartzite, which passes up into the ordi

nary compact Alwar quartzite. Other junction sections are exposed north of

Bandikui, where there is about 2 feet of conglomerate, made up of rolled quartz

pebbles between the quartzite and the gneiss.

An important section occurs in the Bansko hills, about 20 miles east of

Jaipur. In the east and west ridge terminating near

0°^™^°"°° °f U"" Madhogarh, at the eastern end of the southern base,

there is a conglomerate made up of large boulders of quart

zite imbedded in mica schists. About 2 miles further west, schists, not conglo

meratic, alternate with those that are ; and further west, limestone and horn-

blendic schists form the base of the ridge, and upon these tho schistose boulder

conglomerate rests without visible unconformity ; above it, a strong band]of com

pact quartzite (presumably the Alwars) forms the highest part of the ridge.

On the northern side of the ridge there is another boulder conglomerate made

np of large boulders of quartzite (identical in texture and colour, and probably

derived from tho quartzite of the ridge on which it rests), with boulders of gneiss,

and of a banded semi-jaspideous rock and yellow limestone, the two last seen

in situ in the hills a short distance north of the Bansko hill. This conglomerate
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extends north to within a mile of Bdnsko, where it dips under another quartz-

ite.of the Delhi series.

I have already described sections of the unconformity between the quartz-

ites and the gneiss in the southern area, as, for instance, in the Sadri hills near

Dhaulapani, and in the ridges of quartzite stretching thence to the north at Phu-

tauli and other places.

But the relation between the quartzites and gneiss within the Arvali rango

appear to be somewhat different, for the few junction

Different within the .. , . , , , .
range, sections exposed would indicate that the metamorphism

was subsequent to the deposition of these quartzites. On a

section between Rajgarh and Kharwa, mica schists and gneissose beds alternate in

the low ground to the south ; in the pass, mica schists, dipping at 30°, to north,

alternate with bands of quartzite ; and above them is a band, about 2 feet thick,

of gneiss, and above this the massive Alwar quartzite. There is nothing to

indicate unconformity in this section ; on the contrary, there appears to be a

transition from the schists into the quartzite.

A junction section is exposed at Saradhna, at the eastern end of the Bar

^, pass. At the edge of the hills there is a thin band of

ar pasa sec ion. quartzite, much cut up by granite intrusions, dipping

east. West of this is a band of limestone about 100 yards wide, passing into

schists, and then a band of quartzite. The junction between the gneiss and the

quartzite occurs in the ridge on which the village of Saradhna is built. On the

low ground east of the ridge there is a band of gneiss ; it extends some 50 feet

up the ridge, and upon it rests, with a sharp junction, the edges of the nearly

vertical quartzite. The bedding of the gneiss is obscure, but it appeared as if its

strike and dip was the same as that of the quartzite, and that the gneiss had

been converted out of it. It is doubtful though if this contact quartzite is the

Alwar rock, or a band in the Arvali schists. The quartzite does not appear to

be continuous in the section, for at other places near Sandra and the southern

end of this pile of gneiss, the schists form the contact rock.

There can be no doubt though that the ridge of quartzite at Kishengarh is

Alwars, and here too the quartzite is inseparable from the
K 1-1 '* gneiss. At the base of the ridge, the Arvali black mica

schists, here very felspathic, dip under the Alwar quartzite, the bottom beds of

which are also felspathic. The felspar occurs in the quartzite as thin layers

between the laminae ; and in the schists, as thin films and as bands, frequently an

inch, and sometimes a foot, in thickness. The schists pass to the east into the

ordinary gneiss ; but it is probable that the felspar in the quartzite and schists

of the ridge is due to the intrusive granite.

There is, however, one section within the range which completely contradicts

,,, .. .. the sections above given, and where the bottom beds of
Marotn section. . . , . , . . m,

the quartzite contain stones derived from the gneiss. The

section occurs in a ridge about 4 miles long, 3 miles east of Maroth, and

about 5 miles north of the Sambhar lake. On the eastern side of the ridge

are some mica schists, with a few granite veins running through them, and upon
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these rests a quartzite, conglomeratic at its base with rolled and subangular bits

of quartz and felspar. The ridge is isolated from the neighbouring rocks by the

blown sand.

There appear to me to be three ways of accounting for these differences

between the sections in the range and those in the eastern area and in the

neighbourhood of Chitor :—

1. The quartzitcs of the range may not be the Ulwar quartzites.

2. If they be the Alwar quartzites, they may be beds lower in the section than those

exposed in the eastern and southern areas.

3. There must be two gneisses.

I have already shown the strong probability there is of the quartzites of the

range being Alwars, for, although the connection is broken, still the quartzites

are decidedly the top rocks in the range, as they are in the Alwar hills and in the

eastern area.

Great breaks in the continuity of the deposition of the Delhi series have been

observed ; and it may be that the quartzites of the Talra bay and in the Bansko

hills, and other places where the unconformity between them and the gneiss is

strongly marked, are higher in the section than those of the range.

I have previously described some of these breaks as seen in the Biana hills,1

where there is an enormous thickness of the Alwar quartz-

serieT^Ka^Mlb."^ ites- These breaks in the dePosition are marked by

bands of conglomerate, most frequently made up almost

entirely of boulders of quartzite similar to, and probably derived from, the

lower beds. Near the town of Biana several bands of conglomerate made up of

water-worn pebbles of quartzite alternate with non-conglomeratic quartzite. It

is, however, quite a local feature, for the bands of conglomerate do not extend a

quarter of a mile to the west. Again, a short distance to the north of the town

and higher in the section, there is another conglomerate, several hundred feet

thick, made up in a great measure of water-worn pebbles and boulders of quartz

ite, and which extends along the whole length of the Bifina hills, although

it is much reduced in thickness at the western end \ it also rests upon an

eroded surface of the lower quartzites near the western end of the hills.

Overlap, too, is of frequent occurrence in these hills, and at their western end

Overlap near Nithahar quartzites, which at the eastern end of the

hills have many hundreds of feet of quartzites below them,

rest directly and unconformably upon the Arvali slates.

Conglomerates made up of water-worn pebbles of quartzite are sometimes

seen in the quartzites of the Alwar hills ; but there is not nearly so great a

thickness of quartzite there as in the Biana hills.

In the Rimtumbour hills, formed almost entirely of the Alwar quartzites, I

saw two conglomerates made up of pebbles of quartzite,

tumbou^Su™169' Elm" in the scarP of nearly horizontal quartzite between 400

and 500 feet in height, near Sherpur—one near the base,

and the other at two-thirds up the face of the scarp.

1 Records, Vol. X, p. 86.
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If it be thought improbable that the metamorphism took place during the

T isses deposition of . the Alwar quartzites, and that this gneiss
wo gneisses. was denuded, and that pebbles of it were deposited in

the higher beds of the quartzite, there is only the alternative of the two gneisses.

The whole of the gneiss within the range is presumably what would be called the

newer gneiss—at least, I never met with any section here giving any indication

of a second gneiss. There are of course varieties, the principal of which are a

highly porphyritic gneiss, in which the crystals of felspar are sometimes nearly

4 inches in length, and a very quartzose gneiss, often very little more than a

quartzite with a few crystals of felspar occurring in it.

Of the gneiss between the Alwar and Bidna hills, which would be the older,

from the fact of the quartzites resting unconformably on it, little can be said, as

it occurs only in small isolated hills or in small outcrops at the base of the ridges.

The great spread of gneiss near Chitor and Sadri, also the older, as there, too,

the quartzites rest unconformably on it, differ in character
Chitor gneiss. , T ' '

from any gneiss 1 nave seen in the range. It is a

somewhat coarsely crystalline granitic gneiss composed of red orthoclase, quartz,

and chlorite.

Another variety less coarsely crystalline is composed of pinkish-red orthoclase

and a steatite-like mineral, perhaps resulting from the alternation of hornblende,

with some quartz and chlorite.

Such a short length of the boundary of this granitic gneiss occurs within our

area that I was unable to determine its relation to the schists or the schistose gneiss

bounding it. To the west it extends beyond the limits of the map, and along

its northern boundary no junctions are exposed. Just north of Bilor, and about a

mile north of the gneiss, there is an outcrop of the Arvali slates, nearly

horizontal and unaltered ; but I have already suggested the probability of the

continuation of the Vindhyan boundary fault passing along this line. The

triangular bit of slates south-west of Gangar is bounded on two sides by large

quartz veins, and is probably faulted into the gneiss.

The tongue of gneiss stretching up towards Amirgarh is of the schistose

variety, and passes to the north-west imperceptibly into the Arvali schists. The

short length of boundary between this schistose and the granitic gneisses is

covered, but the two were seen within a short distance of each other.

Perhaps further light may be thrown on this question when I examine the

country to the west, towards Udepur, where junction sections between the two

strongly-contrasting varieties of gneiss will probably be met with.

The wide sandy plain to the west of the Arvali range is dotted over by a

number of hills, some of them of considerable extent, and

theArvaUnmge °f *n wnich a^ the series occurring on the eastern side of the

range are represented. Frequently the recent deposits, com

posed in a great part of blown sand, extend to the foot of the range ; but where

the rocks are left uncovered in that position a broad belt of gneiss, in places up

wards of 15 miles in width, is exposed. The gneiss is highly porphyritic and forms
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hills several hundred feet in height above the level of the plain tothe west. One of

these wide spreads occurs in the neighbourhood of Erinpura, and extends from the

trunk road to the foot of the range to the east. Another occurs between Desuri

at the edge of the range, and Nadol, about 11 miles in a north-west direction.

In both cases Arvali rocks are found upon the north-western edge of the

gneiss. At Nadol there are two parallel ridges, the southern, formed of black

mica schists, the lower beds alternating with the gneiss ; the northern, separated

from the other by a hundred yards or so of alluvium, is formed of the schistose

quartzite ; but whether it be the Alwar quartzite or a band of quartzite in the

schists, I could not determine. Along this line, to the south-west, the quartzite

rests directly on the gneiss at Barod and in the hills south-east of Khimel.

The Arvali rocks, on the north-western edge of the Erinpura spread of gneiss,

form a large pile of hills 3 or 4 miles wide, and consist of schists, slates, lime

stone, and quartzite much disturbed and rolled up together. In the pass above

Khidoni, a junction between the gneiss, and the Arvalis is exposed, where bands

of gneiss, several feet thick, alternate with the lower beds both of the schists and

limestone.

In the plain to the north, both of Nadol and Erinpura, are a number of small

hills composed of the Arvali schists and limestone or of the Alwar quartzite.

Along the road leading from the Bar pass no rocks are met with between

the western edge of the range and Sojat. The Sojat

Vradhyans at Sojat. hilta formed, afc base, of nearly vertical Arvali slates,

capped by about 10 to 20 feet of a conglomerate composed of small pebbles

of quartz, very nearly horizontal, or with a dip of 3" to north, passing up into

a fine white and reddish sandstone, of which there may be about 100 feet in thick

ness. On the northern side of the hills are some beds of chert resting upon the

sandstone, and which in the large hills -a mile to the north passes up into a thick

limestone. The sandstone resembles very closely the Kaimur sandstone, and

doubtless the whole, from the conglomerate upwards, may be referred to the

Upper Vindhyan series.

The eastern boundary of the Upper Vindhyans is ill-defined, as the alluvium

for a long distance covers all the lower beds. For about 50 miles north of Sojat,

the plain extends to the eastern edge of the limestone ; but near Mokala the

sandstone is seen underlying the limestone. The bottom beds are not exposed

between Sojat and Khatu, about 40 miles further north.

Khatu is about 30 miles west of the Arvali range, and in the intervening

ground no rocks are exposed except two hills of the Alwar

Khatu section. quartzites near Khatu, and a rid^e of the Arvali slates

upon which the Upper Vindhyan sandstone rests. The unconformity is as strongly

marked here as at Sojat. The Arvali slates are vertical, and the conglomerate

and sandstone rest upon their edges and dip to the north-west at an angle of 3".

This junction takes place in the small ridge norlh-east of Khatu, a short distance

east of the main hills. The conglomerate, composed of small water-worn pebbles

of quartz, varies in thickness from a few inches to 6 feet. The capping of white

sandstone is brought down by the dip to near the base of the main hills. Above
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this is a second conglomerate about 6 feet in thickness and composed, like the other,

of small water-worn pebbles of quartz. The remainder of the hill is formed of

sandstone, the lower portion micaceous, of a dull red colour, and which passes up

into a mottled and smudged red and white sandstone, identical in appearance to

the Bhanrer sandstone on the eastern side of the range.

Of the lower sandstone, which I consider to be the Kaimur, there is a thick

ness of about 100 feet ; and of the upper, probably the Bhanrer, upwards of 200

feet. The middle (Rewa) group of the Upper Vindhyans appears to be absent.

On the top of the southern end of the hill there are a few feet of cherty lime

stone, exactly similar to that resting on the sandstone at Sojat. On the north

western side of the hill the dip has brought the sandstone down to the level of

the plain, and in the Barnel hills it dips under the cherty limestone.

This section differs from that of Sojat in the addition of the Bhanrer sand

stone and conglomerate between the Kaimurs and the limestone.

The southern boundary of the Upper Vindhyans forms a deep bay, at the

south-eastern side of which Sojat is situated, and at the south-western Jodhpur.

In this bay are a number of hills of gneiss and Arvali slates. On the north-eastern

side, the Kaimur sandstone, of which there is about 60 feet in this section, rests

directly mpon the gneiss, and upon this rests the second conglomerate and

Bhanrer sandstone, which dip to the east under a considerable thickness of the

cherty limestone.

At Jodhpur the Upper Vindhyans rest upon a series of rocks which Mr.

Blanford has called the " Malani beds." These form a

fringe of from 2 to 3 miles in width round the southern

and eastern sides of the Upper Vindhyans, and extend to about 12 miles

north of Jodhpur and west beyond the limits of our area. The Malani beds in

the neighbourhood of Jodhpur consist of felsite and quartziferous porphyries

and beds which Mr. Blanford describes as *' unmistakably resembling volcanic ash."

These ash-beds are best seen in the Pandla hills, north-east of Jodhpur, where

they both rest upon and are covered by the porphyries, and in the scarp over the

city, where there must be over 100 feet in thickness of them exposed. The bed

ding in these beds is very obscure ; but in places it can be detected, and there

the rocks are seen to be nearly horizontal.

Several sections of the junction between the Malani beds and the Upper

Vindhyans are exposed, in some of which the unconformity between the two is

well seen. The porphyries extend to some height in the scarp west of Tarasar,

and upon them rest about 2 feet of red and green shales covered by the

massive beds of the grey Kaimur sandstone.

In this and other sections of the scarp there is no conglomerate or any other

feature to suggest unconformity between the two ; but at

the southern boundary, along the road leading from the

residency to the north-east, the unconformity is well seen. In this section the

Malanis are obscurely but undoubtedly bedded, nearly horizontal, and show slight

erosion at the junction. Resting upon them is a conglomerate about 8 inches

thick composed of pebbles of the porphyries ; and above this the Kaimur sand-

D
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stone. Further along the road, to the north-east, the unconformity is more strongly

marked and the conglomerate is at least 6 feet thick, formed of boulders of the

Malani beds upon which it rests.

Many outliers of the Kaimur sandstone resting upon the Malani beds occur

at a short distance to the south of the main boundary. On one of these the Jodh-

pur fort is built. There is also a chain of outlying hills of Kaimur sandstone

isolated in the plain extending from south of Jodhpur to about 15 miles to the

north on the eastern side of the Malani beds.

The Malani beds do not extend far east of the meridian of Jodhpur, but hills

of them occur on the plain to the south for about 50 miles. Their most

southerly appearance on this side is in the large hills north of ChSnaud. The first

of these hills occurs at Rajpura, about 15 miles south of Jodhpur. There are

several intervening hills of gneiss.

In the river at Rajpura are some very decomposed olive-green schists, which

may possibly be Arvalis ; but the hills are formed of the Malani felsite por

phyries. No junction between the two is exposed.

Gneiss occurs in the hills of Chotfla, some 15 miles further south, with some

Arvali schists on its western flank, and about a mile further west is a small hill of

the Malani porphyries isolated in the plain. This is the only locality within our

area where the Malani beds are seen within a short distance of the undoubted

Arvali rocks or gneiss.

In the large hills north of Chanaud a thickness of over 200 feet and a great

variety of the felsites is exposed, apparently dipping at a

Mnfbtds.M°W low^ At the north-eastern corner of these hills a

small thickness of red slates dip under the Malani por

phyries ; but I am unable to say if they are Arvalis or not. These hills are

quite isolated in the plain ; the nearest hills of gneiss are at Kaunla, about 5

miles to the south, and the nearest Arvalis about 18 miles to the south in the

large hills north of Erinpura. In these hills, however, at Baklia and the hills

to the south, I picked up two or three stones of typical Malani porphyry from

amongst the debris of slates. In both these places the slates are nearly vertical,

and almost complete sections are exposed ; but after a most careful search I failed

to discover any rock in situ in the least resembling the Malanis.

As the Malanis are completely isolated from the other rocks, with the excep

tion of the Upper Vindhyans, it is a matter of great doubt as to which series of

l ocks they belong.

Among the Arvali slates, &c., I have never seen any rock in the least resem

bling the Malani porphyries, except north of Deogarh in the Arvali range, where

there are two thin beds, not more than 2 inches thick, in which crystals of glassy

felspar are imbedded in a felsitic matrix, a rock closely resembling some of the

Malani porphyries.

On the other hand the Malani beds would appear to be more closely related

to the Upper Vindhyans. for although there is unconformity between the two,

still it is not nearly so strongly marked as that between the Upper Vindhyans

and the Arvalis—indeed, in some sections it cannot be detected. Both the Upper
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Vindhyans and the Malanis are nearly horizontal over large areas, while the

Arvalis are much more disturbed, and a low dip is almost unknown on the

western side of the range.

It would seem more probable, then, that the Malani beds were the representa

tives of the Lower Vindhyans in this area, for although no volcanic rocks nor any

rocks at all resembling the Malani beds are exposed in the sections of the Lower

Vindhyans of the Chitor area, the nearest spread of the undoubted Lower

Vindhyans, still rocks closely resembling the Malani beds are largely developed

in the Lower Vindhyans of the Son region. I have therefore, pending the examin.

ation of the country to the south-west of Jodhpur, where the Malani beds are

largely developed, and where junction sections probably may be met with, ventur

ed to map the Malani beds as Lower Vindhyans.

On a specimen of Native Antimony obtained at Pulo Obin, near Singapore.—

By F. R. Mallet, F.G.S., Geological Survey of India.

In 1870 a small quantity (about 1£ oz.) of a metallic substance, said to

have been discovered in the Straits Settlements, was forwarded by the Home

Department to the Geological Survey Office for examination. It was found

by Mr. Tween to be native antimony of great purity ; and Dr. Oldham, in com

municating the result to Government, pointed out the high value of the dis

covery if the mineral should be found to occur in considerable quantity. Fur

ther enquiry was made at the instance of the Straits Government, from the

result of which it appeared that the mineral " was found on Pulo Obin or Ubin,

an island lying at the east end of Silat Tambran, the Strait dividing Singapore

from the main land ; that a careful search had been made, and a reward offered

to any person finding more of the same, but that up to the present time (15th

February 1871) no more had been discovered, and that it seemed probable that

the specimen received by the Government must have been introduced into the

island from some other place as yet unknown." 1 The specimen in question is

finely lamellar or granular massive native antimony, with a slight admixture

of stibnite and is partially coated by a vesicular crust of brownish-yellow

cervantite.

There has lately been presented to the museum, by the Commissioners of the

Melbourne Exhibition ofj 1880, a fine specimen of antimony, weighing between

four and five pounds, from Sarawak, in Borneo ; it had been exhibited by the

Borneo Company. It consists of finely lamellar or granular massive native

antimony, with a slight admixture of stibnite, and on two sides is partially

coated by a vesicular crust of brownish-yellow cervantite.

So perfectly similar in aspect is the specimen from Pulo Obin lo that

from Borneo, that, as far as appearance goes, the former might be a fragment

broken off the latter. This similarity of course may be a mere coincidence ; but

taking into account that careful search, and the offer of reward, had failed in

leading to the discovery of any further specimens of antimony in Pulo Obin ;

1 Vol. IV, p. 48.
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that antimony ore (a portion of -which is the native metal) occurs in great

quantity in Borneo, and is mined there on a considerable scale ; and that a

part at least of the ore exported to Europe or America would probably be sent

via Singapore ; and finally, the perfect similarity in appearance between the

Pulo Obin specimen and that just described from Borneo, one cannot but

strongly suspect that the former also is of Bornean origin.

On Turgite from the neighbourhood of Juggiapett, Kistnah District, and on

Zinc Carbonate from Karnul, Madras.—By F. R. Mallet, F.G.S., Geological

Survey of India.

There are at present in the Geological Museum specimens of iron ore from

the neighbourhood of Juggiapett, 1 which were collected
Turgite. by my colleague Mr. W. King, and which are interesting

as consisting in part of a mineral which has not, I believe, been hitherto noticed

within the limits of India.

Three pieces of ore from south-east of Juggiapett, which closely resemble

one another in appearance, and which look as if they had been obtained from

the same spot, consist mainly of limonite, partly massive and partly silky

fibrous. In the largest and best specimen, which is about 2£ inches thick, the

fibrous variety forms an irregular band about £ inch thick between two layers of

massive limonite. One of the latter shows the fracture by which the specimen

was detached ; the other is coated by about half an inch of turgite. The

junction between the two minerals is clearly marked, there being, however,

betwoen the main layer of limonite and that of turgite, two thin seams of one

mineral alternating with two of the other. The turgite is partly granular

massive, partly fibrous and sub-columnar, the latter variety occurring mainly

in a layer on the exterior of the specimen. The colour is dark-red to iron-black,

with red streak. The surface of the mineral, which is irregularly botryoidal,

is covered by a black glaze.

Another specimen from north of Moogetalah,8 of about the same thickness

as that just described, consists of turgite alone. The greater portion is of the

granular massive kind, but on the exterior face of the specimen there is a layer

a third of an inch thick of the fibrous variety. An analysis of the latter gave—

Ferric oxide ... ... ... ... 9310

Water ... ... ... ... 465

Insoluble .. ... ... ... 209

99-84

The mineral decrepitates with violence when heated in a closed tube or crucible.

It is perhaps worth remark that in the Juggiapett specimens the turgite

occurs in the same way as at Salisbury, Connecticut,3 namely, forming an

exterior layer on limonite.

» A town also called Batavole ; North lat. 16° 54' ; East long. 80°

J A village on the river Kistnah, about 4 miles south of Juggiapett.

» Am. Jour, of Sci., II, XL1V, 219.
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In a previous part of this volume (p. 196), I described the occurrence of

Sm'thsonite impure zinc carbonate with barytes, &c., in specimens from

some unknown locality in the Karnul district. Since

then I have examined samples of barytes, with ochre, cherty quartz, and a few

specks of galena, from the Baswapur. lead mines in the same district. The

former specimens bear so much general resemblance to the latter that I think

there is strong reason to suppose that the Smithsonite came from the Baswapur

mines, or from some other of the old lead mines in that neighbourhood. Mr. P.

W. Wall, in his report on them, says, with reference to Baswapur (or Gazerpully) :

" The ore is enclosed in a gangue of sulphate of baryta or heavy spar, also

occasionally in white quartz. It is, as at Coilcontlah, a sulphuret of lead or

galena, and there are here, as at that place, occasionally small admixtures of

copper (sulphuret), zinc blende and iron pyrites." 1 The mines have been

abandoned for a long time past, and apparently there is no tradition of their

having been worked otherwise than for the argentiferous galena. It seems not

impossible, however, that search amongst the rubbish heaps would show the

existence of zinc carbonate, perhaps in considerable quantity ; a mineral which,

from its non-metallic-looking appearance, would be very likely to escape recog

nition by the native miners.

Note on the section from Dalhousie to Pangi vid the Sach Pass. By Colonel

C. A. McMahon, F.G.S.

In Mr. Lydekker's fifth paper on the geology of Kashmir5 and neighbouring

territories, the section from Chamba to Pangi is noticed on the authority of

Mr. Lee of the Calcutta Bar, but as the account there given is very brief, a few

additional notes may not prove uninteresting. Much to the disappointment of

my wife, who was ambitious of doing a higher and more difficult pass than the

Sach, I returned by the way I went ; but this proved of advantage from a geo

logical point of view, as it enabled me to review my first impressions by a second

examination of the rocks seen en route.

Unlike the geology of Dalhousie, of which I hope to give an account ere

long, the section from Chamba to Pangi presents no features of special difficulty.

The granitoid gneiss of the Dhauladhar ends between Dalhousie and Chamba,

near the village of Sach, and is succeeded by micaceous and quartzose schists,

dipping north-east, which conformably overlie the gneiss. These rocks gradually

become slaty, and near Masrund3 pass into what are undistinguishable from

.typical " Simla slates." I have no hesitation in correlating them with that

series. They remain unchanged in character down to the bed of the Siul river

under Manjere, and for some distance along the course of that river towards

the Ravi.

i Madras Joar. of Lit. and Sci., Vol. XX, new series, p. 294.

» Records G. S. I., Vol. XII, p. 39.

3 This village, which is the first halting place from Chamba, is not marked on the map. It

is on the ridge opposite Manjere in tte vicinity of Balore.
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Passing onwards towards Tikri, the slates give place to the limestone series

north of the village of Sangore. The ridge running down from the Rundhar

station to the Siul river is composed of it ; and it passes up to the ridge north

of Manjere, and apparently crosses it at the village of Kundi (Kandi). The

limestone is in massive bands, made up for the most part of beds a few inches

thick. Its colour is dark-blue, pale-blue, and creamy. It continues, with a

steady north-east dip, to a little beyond the rivqr that flows down from the

Randhar station into the Siul river south of Kalail (Kalel), and crosses the

Manjere ridge a short distance south of the village of Dhar. As it begins to

die out, the micaceous slaty beds intercalated with it become more prominent,

and the bands of limestone become thinner and more earthy.

On the ascent from the river, going in the direction of Kalail, and some

distance before the end of the limestone series is reached, a bed of dark-blue

limestone occurs which abounds in crinoid stems, as observed by Mr. Lee.

Mr. Lydekker has found that in Kashmir and the neighbouring districts

the rocks of the carboniferous period pass by imperceptible degrees into those of

the triassic series,1 and that in Ladak * and in South and North Lahoul 8 the

limestones are probably partly of upper silurian and partly of carboniferous

age. From Mr. Lee's description of the limestones now under discussion,

Mr. Lydekker concluded that they are " without doubt the representatives of

either the carboniferous or the trias, and not improbably of both." 4

As these limestones and included slates are of great thickness, and as

they are in contact with the upper silurian (Blaini) conglomerate, now to be

described, I think it probable that, as is believed to be the case in the typical

region of the Krol mountain, we have here representatives of upper silurian,

carboniferous, and triassic rocks.

Immediately in contact with the limestone series there follows a very thick

band of conglomerate. The matrix is a slaty schistose rock, at times even

foliated. It contains pebbles of white quartz of all shapes and of various sizes

up to 9 inches in diameter. Some are well rounded and present sections of

the size and shape of an egg; others are sub-angular to angular. The white

quartz pebbles are the most abundant, but the rock also contains grey and

blue quartzite, and quartzite-sandstone pebbles, sub-angular to rounded, which

weather various colours.

I have no hesitation in correlating this with the Blaini conglomerate of the

Simla area. As in the typical Blaini rock, occasionally white quartz veins

meander about in an irregular manner in it, and a person not familiar with the

rock might suppose that the " eggs " were sections, or fragments of such veins,

but a careful study would show him that it is a true conglomerate. As in the

Simla area so here, some of the blue quartzite pebbles contain thin white quartz

veins that do not pass into the matrix, showing that the pebbles were meta

morphosed, and were ground down into their present shape, before they found

1 Records G. S. I., Vol. XIV, p. 34.

« Idem, Vol. XIV, p. 38.

» Records O. S. I, Vol. XIII, p. 58.

' Idem, Vol. XIV, p. 39.
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their resting place. The pebbles in some beds are very sparse ; in others very

abundant.

The conglomerate differs from that of the Simla area in having expanded to

a great thickness. A synclinal flexure, however, takes place in the centre of

these beds, and it is possible that they may also be repeated by other flexures,

the evidence of which has been obliterated, or by slates of a slightly lower

horizon having been folded np with them. In any case, their real thickness

must very greatly exceed that of corresponding beds in the Simla area.

Dr. Stoliczka estimated the thickness of the Mnth conglomerate of Spiti, *

which he correlated with the Blaini conglomerate,* at from 500 to 600 feet.

At the junction of the conglomerate with the limestone series, the latter has

Buffered considerable contortion, and a bed of . conglomerate has been, from this

cause, folded up with the limestones.

Mr. Lydekker's papers on the geology of Kashmir and its neighbouring

districts contain numerous notices of similar beds of conglomerate, as for instance

Records G. S. I., Vol. X, p. 160 ; Vol. XI, pp. 32, 36, 38, 39, 46, 50 ; Vol. XII,

pp. 20, 24, 25 ; VoL XIV, p. 4. The widespread character of these peculiar

deposits is of especial value, and will aid greatly in the task of unravelling the

tangled skeins of Himalayan geology. In the present case, as will be seen in

the sequel, the conglomerates will enable us to interpret the section under consi

deration.

Mr. Lydekker connects the wide distribution of the conglomerate 3 with ice

action. I have long been struck with the resemblance which the typical Blaini

conglomerate of the Simla area bears to a " boulder bed."

As before stated, a synclinal fold takes place in the centre of the conglomerates

and a south-west dip then sets in. The beds terminate a little south of where

the Siul river doubles back round the Manjere ridge towards the Padri pass.

They are succeeded by rocks presenting an older facies, which last until near the

top of the Sach pass. These may be generally described as fine-grained quartz

schists, mica schists, and slaty mica schists, occasionally passing locally into

micaceous slates. The dip is very low, south-west near the top of the pass, and con

tinues low, and waving alternately to the north-east and south-west, or thereabouts,

from thence southwards until the river below Tigri is neared, where the beds dip

steeply to the south-west towards the Blaini conglomerates of the Kalail out

crop. From here to near the top of the Sach pass the rocks are all, I believe,

lower silurians.

Close to the summit of the pass, which is 14,328 feet above the sea, the con

glomerates again come in, and the dip, which had previously been very low

south-west, suddenly rises to nearly perpendicular, and then underlies to the

north-east.

The anticlinal coincides with the very summit of the pass. The dip remains

nearly perpendicular for some time, when a synclinal fold sets in on the north

i Memoirs G. S. I., Vol. V, p. 22. 3 Memoirs, G S. I., Vol. V, p. 141.

3 Records G. S. I., Vol. XII, p 25.
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side of the pass, where the second small glacier is seen on the map to flow down

from the north-west into the main ice stream. From this point the dip gradually

flattens to a moderate south-west dip.

The rocks are decidedly conglomeritic at the top of the pass, but the inclnded

pebbles become more and more scarco the lower you descend, and the rocks pass

into micaceous schists and fine-grained slaty quartzites.

In this section I have classed all these rocks as conglomerates ; but, as men

tioned in the case of the outcrop between Kalail and Tisa, lower slaty rocks may

have been folded up with them. I also note in passing that only a compara

tively small portion of the Muth conglomerate, described by Dr. Stoliczka and

which he correlated with the Blaini rock, is really conglomeritic. 1

A little north of the junction of the two main snow streams (namely, north

of the point marked " Halias" on the map), a band of limestone, about 200 feet

thick, crops out. The limestone is sub- crystalline, and is partly dark and partly

pale-blue in colour, the latter weathering a buffy-cream to a brownish-buff. It

has the aspect of a magnesian limestone, but I have not the appliances with me

at Dalhousie to analyze it, and the point is not material. I should think the

rock is more likely to represent the upper silurian (Blaini) magnesian limestone

than the triassic dolomite. It does not resemble the latter in its mode of

outcrop, 3 whilst in its weathering and in some other respects it answers fairly

well to the Blaini and Muth limestones, 1 the former of which is sometimes pale-

blue on its fractured surface.

From this point the rocks are at first silicioils schists and quartz schists,

often fissile, but never passing into true slates, and then succeed decided mica

schists, which continue until the gneiss appears under the village of Pirgao, on

the descent to the bridge over the Sach stream.

The gneiss here is foliated, and not granitoid. It conformably underlies the

mica schists, and at first bands of it are intercalated with them, the passage

between the two being somewhat gradual. There are innumerable intrusive dykes

of white oligoclase3 granite in the gneiss, near its junction with the schists, both

here and in the Pangi valley ; and these dykes pass up for a considerable

distance into the overlying mica schists. The intrusive granite, as in the Satlej

valley sections, is rich in schorl.

We have now seen that at both ends of our section micaceous and quartzose

schists, metamorphosed into perfect mica schists in many instances, rest conform

ably upon gneiss. The character of this gneiss, which I think is identical with

the " central gneiss," I hope to discuss in detail in a future paper on the geology

of Dalhousie.

The schists I take to be lower silurians. On these rest slates which I

correlate with the " Simla slates." In the Records (Vol. XII, p. 56), Mr.

1 Memoirs G. S. I., Vol. V, p. 22.

a Records G. S. I., Vol. XI, p. 45.

3 This is identical with what used to be called the Albite granite. Mr. Mallet (Records G. S-

I., Vol. XIV, p. 238) has now shown that the felspar of this granite is oligoclase.
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Lydekker gives his reasons for concluding the " Simla slates " to be of silurian

age. I think they represent about the middle of that group.

I now return to the consideration of the limestone series described in the

preceding pages. It will be seen that on both sides of the Sach pass the outcrops

of limestone stand in the same relation to the conglomerates on the one hand,

and to the gneiss on the other. In both cases the limestones dip under the conglo

merates, and one would conclude, from a superficial consideration of the question,

that the conglomerates were younger than the limestones. But it is impossible

that this can be their true relation.

In the Simla area it has been found that the Blaini limestone rests on the

conglomerate, 1 and that both are below the infra-Krol (carboniferous") series and

the Krol (carbo-triassic 3) limestones. In Kashmir Mr. Lydekker assigned the

position of the conglomerates to the silurian series.4 In Spiti the very similar

Muth conglomerate, described by Dr. Stoliczka, and correlated by him with the

Blaini conglomerate, is assigned to the upper silurian series. We may therefore

conclude, I think, that the conglomerate under discussion belongs to the silurian

series, and is probably of upper silurian age.

Next, as to the limestones. Crinoidal limestones in the neighbouring district

of Kashmir occur in both the carboniferous and triassic series, and would seem

to be especially characteristic of the former.4 The blue crinoidal limestone,

described in the preceding pages, occurs in a bed near, but not immediately adjoin

ing, the upper silurian conglomerates, and the inference which arises from these

facts is that the beds must here be inverted, and that the crinoid limestone,

which is presumably not older than carboniferous, must really be younger than

the upper silurian conglomerate.

A similar inference arises in the case of the beds on the north side of the pass

for, whether the limestone which crops out there represent upper silurian (Blaini),

carboniferous or triassic limestones, its proper place is above the conglomerate,

and consequently the rocks here must also be inverted.

What seems to have happened is that in the course of disturbances which

occurred in post-triassic times, the lower silurians, from near Kalail to the top

of the Sach pass, were forced up, and in their upward progress, aided by lateral

compression, caused the upper silurian conglomerates to be squeezed into

the inverted position they now occupy with reference to the " carbo-triassic "

limestones.

It does not seem necessary to suppose that there were any complicated move

ments below the surface,—simple lateral pressure seems sufficient to account for

the results we see. If when the disturbance occurred the surface of the ground

was sculptured in much the same way as the Himalayas are now sculptured, we may

suppose that the bottom of a valley, with mountains rising steeply on either side,

i Manual G. S. I., Vol. II, p. 600.

11 Records G. S. I., Vol. XI, p. 62 ; Vol. XIII, p. 56 ; Vol. XIV. p. 40.

a Ibid.

4 Compare Records G. S. I., Vol. XI, pp. 38, 39, with Vol. XI, pp. 41, 43.

■ Records G. S. I., Vol. XI, pp. 43, 47 ; Vol. XIV, p. 24.
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was situated over the block of lower silurians now seer between Kalail and the

Sach pass. On lateral pressure being set up, the rocks under the bottom of the

valley would naturally rise, for there would be comparatively little superincumbent

weight to keep them down, whilst the rocks under the mountains, which formed

the side of the valley, would be comparatively little disturbed. If we suppose

that the superincumbent mass above that part of the carbo-triassic limestones,

which occurs in the section, was greater than that over the conglomerates, one

can understand how the latter were forced by the rising lower silurians into

their present inverted position with reference to the limestones.

An illustration, on a small scale, of what I mean, may be found in coal mines.

There is always a tendency, I believe, in the floor of galleries to rise, or to

" creep" up towards the roof, if they are not kept down by artificial means. The

section under consideration seems to me to indicate a case of " creeping " on a

. large scale ; and tangential pressure exerted on a mountain region—the mountain

region of those times—seems sufficient to explain the inversion of the upper

silurian conglomerates on the carbo-triassic rocks observed on both sides of the

Sach pass.

Glaciation.

Half way between Sauch and Purti, in the Pangi valley, and on the left bank

of the Chandra Bhaga (Chinab), where the river pursues its way for some dis

tance through a rather narrow gorge, the road1 is carried, at the level of about

100 feet above the river, by a sort of bridge made of poles, for 30 or 40 feet

across a perfectly smooth rock that slopes down to the river at a high angle.

This rock, for a height of about 100 feet above the road, and down towards the

river as far as the eye can trace, has been smoothed, polished, and grooved by an

old glacier. The striations and grooves are well cut into the rock and are count

less in number. They run nearly parallel to the surface of the river, with a

somewhat greater " fall " than the bed of the stream, and occasionally some of

them cross each other at a small angle. No one who has seen the marks of

recent glaciation in Switzerland or elsewhere could possibly mistake the evident

signs of ancient glaciation here exhibited. I never saw a better specimen of

ice work.

The strata here are perpendicular, and the strike at right angles to the course

of the stream. Where the upper surface of the glacier ceased, the rock stands

out, in beds of from 6 inches to a foot in thickness, in bold and ragged lines.

Below what must have been the surface of the ice stream, these beds have been

ground down to so smooth a plane that no trace of the bedding is to be seen.

We have here an interesting proof that at no remote period the glaciers of

the Chandra and Bhaga valleys must have vastly exceeded their present dimen

sions. These valleys were probably filled by confluent glaciers that flowed down

into the Pangi valley to a little below the point now indicated, the elevation of

which is about 7,500 feet above the sea.

i The roads marked on the map for the most part indicate the position of old roads that

long since disappeared.
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Notes on the South Rewah Gondwana basin.—By Theo. W. H. Hughes,

A.R.S.M., F.G.S., Geological Survey of India.

[Note II.]

In continuation of the notes of my first year's observations on the South

Rewah coal areas (published in Records, Part 1 for this year), I can now give

somewhat fuller details about the individual seams that have been met with, and

can define the limits within which there is a reasonable prospect of obtaining

coal.1 I have little to add to the geological knowledge acquired last season,

beyond the fact that in the classification of the Lower Gondwana rocks there is

—judging by fossil contents—a horizon corresponding to that known as the

Karharbari horizon. I am not at present resolved to retain it as a determinate

group, and it has been introduced on the field maps provisionally. My own

proclivities are to associate these beds with the Barakars, and I believe there is

fair evidence of their overlap on the Talchirs.

The same rock groups as those under examination last year were again the

subject of investigation, the highest in the series being trap, and the lowest

granite.

Granite.—Commencing with the granite, we found it in greatest force in the

south-east portion of the Sohagpur district, whence it extends into the Pendra

and Korea zamindaris. The component minerals are felspar, blackish mica,

and greyish-white quartz, of which the first (orthoclase) is most prevalent.

The granite produces its characteristic contour of country, and a series of

small independent hills of broken and rugged outline mark its occurrence.

There are several little inliers, at intervals in the area that has been ranged over,

and their boundaries have been definitely traced. Beyond the necessity of

denoting their existence, there is nothing special to remark about them.

Tdlchir.—Above the granite, and in immediate contact with it for a great

number of miles in the districts already mentioned of Sohagpur, Pendra, and

Korea, are the Talchir rocks. They extend far to the south and east, much

beyond the limit of our past season's explorations. Our attention was devoted

to tracing the boundaries north of the granitic area, and a great deal of time

was spent in the mere drudgery of tramping several hundreds of miles of small

and large streams to insure ourselves against having overlooked any inliers of

granite or outliers of more recent rocks. The same course was pursued in

reference to each group that we took in hand, but the result in utility was so

very nominal in the case of the Talchirs and granite, that after a hard and long

day there was a depressing consciousness of time wasted. With the Barakar

and Raniganj groups there was always the hope that another bond in a river

■ I was accompanied throughout the whole of the working period by Sub-Assistant H£ra'

Lai, who undertook the special task of tracing the boundaries of the trap and of the Lameta, group.

But where these formations happened to be beyond reach of our different camping grounds, ho

attacked the TaUchirs and granite and prospected industriously for coal seams. My paper contains

our joint observations, and I wish to make such encouraging acknowledgment of his assistance as

his labours deserve.

.
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would bring to view a seam of coal or a bed of shale or sandstone in which fossils

might be fonnd.

The Talchirs in Sohagpur are made up of the same varieties of beds as occur

in the Damuda valley, and the green and yellowish silts are the predominant

rocks. There are well exposed sections of them in the Son, the Hesia, the Alan,

and the Tipan rivers. I traced them as far east as the village of Nagar1 in the

Korea State, in order to join my line of observation with that of Mr. Ball, and to

complete a traverse of the Indian Peninsula. The contact with the granite is

everywhere natural, and the lie of the beds is low. Here and there a few little

slips occur, accompanied by local disturbance, but I failed to establish my

colleague's fault north of Nagar.

Entirely separate from the Talchirs of the Sohagpur district is the small

area in the valley of the Johilla that I alluded to in my

JTalchirs ;„ the Johilla former paper. As I did not fix its exact limits last year,

I will place my more recent observations on record. In

the section of the Johilla river, the Talchirs are seen both north and south of the

inlier of granite that extends from Mangthar to Ponri. Those to the south are not

well exposed, but on the north side they stretch from Ponri to Bara Chada. The

bottom bed is a fine-grained, compact, brownish-grey calcareous sandstone ; then

above comes the famous boulder bed, the matrix consisting of greenish-grey

silt ; the contained fragments are red binary granite, conglomeratic quartzite,

quartzite, and green schist. The bed is quite 80 feet (if not more) in thickness.

To this succeed claret-coloured greyish-green and yellowish silts; one or two

thin boulder beds ; compact, slightly calcareous, sandstones ; soft, fine-grained,

slightly pinkish and yellowish-grey sandstones, with felspar decomposed, and

weathering with rounded outlines ; then alternating silts and sandstones to the

end of the section. There might possibly be a little doubt about including the

sandstones in the long reach of the Johilla, at the eastern end of which is the

village of Goraia, as Talchirs, were they seen alone ; but most characteristic

greyish-green splintery shales occur above them in the elbow of the "river near

Bara Chada that do away with one's hesitation.

The Talchirs extend only a very short distance inland from the right bank of

the Johilla, but they can be traced for 4 or 5 miles in the opposite direction,

until they are overlapped by Lametas and Barakars.

Fossils were discovered in several places, bnt usually in such an imperfect

state of preservation that it was not worth while keeping

Fossils. them. A few good specimens, however, were obtained

near Anukpur, and Dr. Feistmantel has determined them as follows :—

" Anupkur.* Group Talchir.

Equisetaceous stems.

Gangamopteris cyclopteroides, (type) Feistm.

,, „ var. attenuata.

1 Long. 82° 20' E.; Lat.. 23" 18' N. » Long. 81° 43' E. ; Lat. 23° 7' N.
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These are just like specimens in the Karaun (Deoghar) field."

Karharbari.—From the circumstance that the coal occurring in the Johilla

was associated with plants found in the Karharbari horizon of the Karharbari

field, Dr. Feistmantel specially pressed me to make diligent search for such

evidence as might bear upon the question of the existence of such a group as the

Karharbari in the South Rewah area. Beds containing some of the neces

sary fossils were met with last year south of Khaira in the neighbourhood of

Hardi and Sarangpur, and this year similar fossils have been discovered in

other localities, all, however, within the vicinity of Khaira.1 The specimens

are—

Vertebraria indica.

Glossopteru communis.

Noggerathiopsis hislopi.

Voltzia heterophylla.

Samaropsis, comp. parvula.

Oarpolites milleri.

From near Dhamni s (which is 2 miles south-east of Khaira) some very fine

leaves of Noggerathiopsis hislopi were procured, and in association with them were

seeds of the same plant. Of these latter, which Dr. Feistmantel has named

Carpolites milleri, he says " about nine specimens of a fruit, first described from

Passerabhia (No. 5 D) in the Karharbari coal-field, from Karharbari beds, in a

similar association of fossils."

I could not see anything distinctive in the character of the rocks containing

this partial Karharbari flora to warrant a separation from the Damudas. The

strata in which the plants actually occurred were argillaceous shale and

moderately fine-grained grey felspathic silicious sandstone, slightly micaceous

and with faint carbonaceous streaks, such as may be found in cither the Rani-

ganj or Barakar groups. I have left the final placing of these beds open

until our survey is completed, in the hope that more evidence may be forth

coming. Were I called upon to decide at once, I should place them with the

Damudas.

Barakar.—There is satisfactory proof of the occurrence of this group over

a large portion of the Sohagpur district and some part of Korea, in the strong

resemblance that the sandstone and other rocks have to the typical represen

tatives in the Raniganj field. I assume that there is no necessity to enter into

lithographical details, this point having been so often treated of by others and

myself in the Memoirs of the survey ; and I will at once proceed to enumerate

the localities at which coal has been found, and comment upon the nature of

the seams and the prospect of working them profitably.

Wherever the Barakar group exists there coal has been met with. Three

distinct areas have been mapped, one near TJmaria, the other in the valley of the

Johilla, and the third in the Sohagpur and Korea districts. The two former

are very limited in extent ; the latter occupies several hundred square miles. I

1 Long. 81° 31' E. ; Lat. 23' 9' N. 5 Long. 81° 32' E. ; Lat. 23° 7' N.
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have not entered into exact figures, as our examination of the country is not

completed.

Only one seam of coal has heen noticed in the tTmaria exposure of Barakara. 1

A . It crops out in the right bank of the river that flows
Umana. 0 -

between the two villages of Umaria3 and Khalesar, and is

well seen where the high road to Kauria crosses.

The thickness of the seam varies from 4' G" to 4' 10," and the dip is to the

north-north-west at an angle of 5°. The section at the ghat is—

1. Sandstone.

2. Coal seam.

3. Carbonaceous shale.

4. Sandstone, same as that above the seam.

The outcrop of the seam is seen inland on both sides of the river, and also

up the river for about 150 yards.

To determine its age, which, however, from the first I inclined to think was

Barakar, Hira Lai and myself searched assiduously for fossils ; we found none

with the coal, but in some grey, slightly carbonaceous argillaceous shale, a few

feet below it, Hird Lai was fortunate enough to hit the right slab on the head

and brought to light a few leaves and stems belonging to the genera Gangamop-

teris, Glossopteris, and Phyllottieca, which satisfactorily proved that the coal was

not of Jabalpur ago as had once been surmised. I have placed it with the

Barakar group, and as corresponding to the seam in the Johilla river, which

is certainly neither in the Raniganj nor Talchir horizon. We did not stay long

enough to trace the extension of the seam beyond the vicinity of the river, but I

have no apprehension of there being a deficiency of coal. The dip is moderate,

making the working of it an easy matter.

I again give Mr. Mallet's analysis, which shows—

Moisture ... ... ... ... 113

Volatile (exclusive of moisture) ... ... 29 4

Fixed carbon ... ... ... ... 45 8

Ash ... ... ... ... 135

1000

There is an excessive amount of moisture, but there is no question that this

would diminish when the coal had been opened up for a while. Mr. Cook of

Katni (Kutnee) has made practical trial of the coal, and states that for his

purpose, which is lime-burning, it answers very well, and that if it could be

procured regularly and at a somewhat less price than it costs by pack carriage,

a great boon would be conferred on those engaged in the same business as him

self. In the early part of this year Mr. Trimnell succeeded in bringing to

a successful issue his attempt to make pig-iron with charcoal ; but he was

practical enough to know that a supply of charcoal sufficient to keep even a

This coal was first brought to notice in 1860 by Captain Willonghby Osborne, then Political

Agent at Rewah ; and in the same year it was reported on by Captain H. Hyde, R.E., Consulting

Engineer for Railways, and by Mr. Alexander Grant, of the East Indian Railway.

* Long. 80° 54'; Lat. 23° 32'.
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small furnace going regularly is not to be depended upon near Katni, and he has

awaited with some anxiety the result of our season's labour. Well ! there is coal

at Umaria, quite as capable—judging by the analysis—of driving a locomotive

engine as any of the coal at Mohpani and in the Warora field ; but is it any

better suited to the wants of an iron master than the Warora fuel ? If the

experience of those who have gone before us, and who have recorded their

opinions is of any value, the Umaria coal will be condemned. It has been my

lot, however, to see coal improve under proper trial and management, on so

many occasions, that I would strongly recommend the Rewah authorities being

requested to send some 4 or 500 maunds to be tested under British supervision at

Jabalpur.

The combined amount of moisture and ash indicated in the analysis, 24-8 per

cent., is a heavy drawback on any coal used in direct contact with the ore in iron

smelting, but there is the possibility and probability that these items of depre

ciation will be less serious when regular mining operations are established.

The distance of Umaria from the nearest railway station, Katni (on the East

Indian line), is 34 miles, and only one large river, the Mahanadi, has to be crossed.

To bridge it would not be a difficult undertaking, there being ample rock founda

tion at numerous points.

I have no wish to thoughtlessly advocate the construction of a line of com

munication to the coal-field at Umaria until something more positive is known

of the quality of the fuel, and whether there are collateral advantages to be

derived under other heads of traffic. From the growing importance of Katni,

however, as a mart, and the immense droves of grain-laden bullocks converging

on that point by way of Umaria, from the Rewah, Mandla, Bilaspur, and Garjat

districts, I believe a local line might be made to pay. If the coal were only

moderately good, it might enter into successful competition with the outturn of

the Raniganj fields for stations beyond Allahabad, the saving in carriage by

rail being 200 miles and more. Thus—

Miles. Miles.

Omaria to Katni ... ... 34 Sitarampar to Allahabad ... 426

Katni to Allahabad ... ... 171 Raniganj to Allahabad ... ... 443

Karharbari field (Giridih) to Allaha-

205 bad ... ... ... 404

The route by Umaria and so on to Katni is the natural outlet for the country

included within the drainage basin of the Upper Son, the trappeau Mandla

plateau being the turning barrier directing the stream of traffic ; and it so

happens that along that route coal can be procured. I cannot emphasise too

strongly the advantage of accumulating certain information, and in addition to

the suggestion that fair trial of the coal be made, I would propose that a few

bore holes should be sunk in order to prove the extent of the seam and its thick

ness at different points.

The Barakars of the Johilla valley are exposed about 15 miles south-east of

j ^ Umaria, and likewise contain a seam of coal, which,

however, I do not consider workable, as the proportion of

coal to the partings is too small. The detailed measurement of this seam is given
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in my first paper. I have traced it for 2 miles west of where it appears in the

Johilla, but nowhere at its outcrop has it a promising appearance.

Having once again the opportunity of looking at the boundary of the Barakara

and Talchirs, I think I have fixed it satisfactorily, the

and'rachir.°f Ba™kar lowest stratum of the upper group being a massively-bedded

yellowish-grey felspathic nodular sandstone, with mica

sparingly distributed through it.

From the notice of these two minor areas I now pass to the more extensive

one of the Sohagpur field, which stretches uninterruptedly

" into the Korea State. There is no great richness of coal,

nature having apparently exhausted herself in abortive efforts resulting in car

bonaceous or coaly shales, or seams too thin—according to the present standard

of working—to be mined profitably. Owing to the horizontality of the strata,

however, such seams as occur of available size possess the advantage of extreme

accessibility and can be easily won over a large area.

The highest seam in the group is exposed in the bed of the River S6n near

C 1 B" bia. T'lla^e of B^l"8"1 Its actual thickness could not be

' determined, but it is something more than 5 feet. Hira Lai

traced it from where I first saw it in the Jamunia nala for over 4 miles. It

seems to be coal throughout, but he says that the upper part is inferior in quality

to the lower.

The assay of the better portion, made under the direction of Mr. Mallet,

Moisture ... ... ... ... 5'8

Volatile matter ... ... ... ... 29'5

Fixed carbon ... ... ... ... 55'0

Ash ... ... ... ... 97

100 0

It docs not cake. Colour of ash reddish-grey.

There is no other seam for many miles around that approaches this in thickness ;

but there are several thin beds to the south and east lower in the series. All

these will be shown on the published maps to indicate that they have not been

overlooked, but I have not deemed it necessary to specify them here.

The next exposure of thick coal is 24 miles to the east of the one just described,

p., . in the bed of the Kiwai river, near Belha-Piari.* The

seam, . thy^^s js not; au seen, but I estimate it at 5'6". The

Bection in the bank is—

Coal ... ... ... ... 3' 0"

Coaly shale ... ... ... ... 1* 2"

Coal (not all seen) ... ... ... 1' 4" (about).

5' 6"

The dip is low, as usual ; indeed, it is superfluous to repeat this statement in

reference to each seam. The coal seemed fairly good.

Long. 81" 44' E. ; Lat. 23° 14' N. » Long. 82° 4' E. ; Lat. 23° 9' N.
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Passing still farther east, a seam is exposed close to the village of Bhalmfiri,1

measuring 5' 4". The direction of dip just at this locality

,,^2. Bllalmuri- is to the south, but the rocks undulate and the seam is

again seen near Dumarkachar.

Qoing down the Kulharia nala (on the banks of which are 'the two villages

just- referred to), the finest seam in the Sohagpur district

^Coal seam, Kulharia was discovered by Hird La at the confluence* with the

Jhiria stream. I give my own notes of the river section

from this point to the junction with the Hestho.

The seam is well exposed in the Kulharia nala, at the foot of a picturesque

waterfall. It is capped by greyish-white felspathic sandstone, very soft at the

surface, with felspar decomposed ; there is here and there a slight tendency to

ferruginous segregation, but not nearly to such an extent as in the regular

Mahadevas. I make this allusion as a warning, for, though the presence of iron

is a very essential element in characterising the sandstones of the Mahadevas, it

often plays a prominent part (but not to so great an extent) in varying the

appearance of rocks that do not belong to that group.

The thickness of the sandstone is

Coal i

Coal

Carbonaceous shale

Coal

28' 0"

7'2"

3' 6"

10"

2' 8"

Underneath this—

Carbonaceous shale and sandstone ... ... ... ... 2' 0"

Sandstone ... ... ... ... ... ... 13' 0"

Coal and coaly shale ... ... ... ... 10*'

Then sandstones to the end of the section where the road from Bhauta to

Jhagrakhand crosses the stream, and where the Talchirs are brought up by a

fault. Owing to the undulations of the strata, the seam is repeatedly exposed to

view for about a mile and a half in the bed of the nala.

The analysis made by Hira LSI under the direction of Mr. Mallet, of what

was selected as an average sample of the coal, gives-

Moisture ... ... ... ... 67

Volatile matter ... ... ... ... 28 2

Fixed carbon ... ... ... ... 59'6

Ash ... ... ... ... ... 55

1000

It does not cake. Ash reddish in colour.

This is much more favourable testimony to the excellence of the coal than

I anticipated. The smallness of the ash is remarkable, and, for the future credit

of the Sohagpur coal basin, I hope that this amount of 5'5 per cent, will never be

exceeded by this seam. With such fuel as this anything might be accomplished,

but unfortunately, like most good things, it is not to be easily obtained, being 86

1 Long. 82° 10" E. ; Lat. 93* 11' N. 1 Long. 82° 12' E. ; Lat. 23" 9' N.

r



318 Records of the Geological Survey of India. [vol. xiv.

miles farther away from a line of railway than tJmaria, and with the additional

drawback of several more rivers intervening.

There are various outcrops of other, but smaller, seams, which, as none

surpass 4 feet in thickness, I refrain from particularising here. When the full

description of the ground is published they will find a place in the list 'of un

important outcrops.

Raniganj.—As yet I have not met with any signs of the ironstone shales

group, the rocks next in succession to the Barakars belonging to the Damuda

division.

The same remark applies to the economic aspect of the coal in the Raniganj

group as in the Barakars ; at the most, there appear to be only two seams (at

different horizons) of workable size. There are plenty of outcrops of a carbo

naceous nature, and several thin beds of coal ; but there is comparatively little of

the substantial richness that characterises the Damuda series farther to the east.

Nature appears to have been only learning how to accumulate coal ; or it may

be that in the poverty of the measures in this part of the country we have

evidence suggesting upland basins of coaly deposition.

The two seams occur in the bed of the River S6n. One of them I described

last year near Guraru, The other is visible where the

K^°uihTms'Gurfni ^ sma11 8tream flowing from Khaira falls into the S6V

north-north-west of the village of Kanuahi. It measures 9

feet, and the greater portion of it appears to be coal. No analysis has been made

of the coal, but it cannot be worse than that of the Guraru seam. If it be no

better, it will scarcely be worth touching. It is not likely, however, that the enor

mous amount of 47-3 per cent, of ash* is the average of the whole of this coal,

and I propose to select several samples at different levels, and so get at its fair

character.

This brief notice of the Raniganj group brings to a close the description of

our progress in the discovery of coal. Nearly 1,300 square miles of possible

coal-bearing country have been examined, and many hundreds of miles of big

and small rivers have been walked, in order that no outcrops might be missed.

The outcome of our labours is in one sense poor, but we have the satisfaction of

knowing that our search has been a careful one,

A few plants have been added to our collection from a spot in the Son near

its junction with tho Murna nadi. They are—

Alethopteris lindleyana, Royle.

Dicksonia hughesi, Feistm.

Glossopteris sp.

1 Long 81° 32' E.; Lat. 23° 24' N.

* Analysis of Guraru coal—

Moisture ... ... ... ... 27

Volatile ... ... ... ... 9-5

Futed carbon ... ... ... .., 40"5

Ash ... ... ... ,., 47-3

1000
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Dr. Feistmantel says of them, " these are like forms in the Raniganj group,

of the Raniganj and Jharria coal-fields." The two genera Alethopteris and

Dicksonia help to show that the beds in which they were found belong to the

upper division of the Damudas, Dicksonia indeed being a Rajmahal form.

Mdhddevas.—The only allusion I wish to make under this heading is to a

remark in my first paper on the South Rewah Gondwana basin, at page 128 of

this volume of our Records, in reference to the discovery of a Vertebraria indica

in a sandstone, which, if it had not been for the fossil, I should have classed

" with a series higher than the Damuda." The force of discipline was too strong

for me last season, and I allowed the Vertebraria to overcome me. Having the

opportunity of again looking up the section (which is in the Johilla), I did so,

and my notes in regard to it are—" Went to Chota Daigaon and then struck for

the Johilla. Going up the river the sandstones are coarse pebbly rocks, yellowish-

grey, massively bedded, and frequently with oblique lamination. At intervals

there are purplish, fine-grained argillaceous sandstones, and brick-red clays, and

fine-grained purple sandstones frequently so ferruginous as to become iron ore.

These are not the most abundant rocks, but they are prominent because of their

colour. At the junction of the Bara Daigaon nala and the Johilla is a small

island, and in the purplish fine-grained argillaceous sandstone that forms a thin

bed amongst the more massive sandstone I found Vertebraria stems. This dis

covery might lead one to suppose that the sandstones here ought to be classed

as Damudas, but their physical aspect is utterly at variance with that of the

Damuda type. The presence of the Vertebraria is the difficulty so long as it is

looked upon as a specific plant of the Damuda series."

I would dismiss the difficulty by extending the range of the Vertebraria.

Maleri group.—No representatives of this group came under our observation

during the season.

Jabalpur group.—The only Jabalpur beds we met with were those on the line

of march from Chandia to L6ra. That these all belong to the Jabalpur group

is proved by the fossils they contain. The sandstones passed over were a loose

granular variety with specks of decomposed felspar, more compact sandstones

with seams of ferruginous matter and pipes of segregated silicio-ferruginous

matter, very hard white quartzite (looking like a quartzite of much older age

than Jabalpur), and ferruginous sandstones with stronger ferruginous patches

here and there. The shales were sometimes a little argillaceous, and either grey

or slightly purple in colour.

Near L6ra,' there are many big pebbles along the edge of the metamorphic

inlier, and thinking that they might be indicative of

Pebbles near L6ra. Talchirs, I spent one day in wandering through the

various nalas to test the idea. I failed to see anything that I could call

Talchir. There is an exposure of a pebble-bed (in the stream rnnning towards

Dirouri) overlying a reddish-coloured indistinctly seen clay bed, but it has no

likeness to anything of a Talchir type, and I came to the conclusion that the

pebbles at the surface have been derived from beds of Jabalpur age.

» Long. 80° 49' E.; Lat. 233 34' N.
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Lameta.—The tracing of the Lameta boundaries was under the special care

of Hira Lai, and the task kept him hard at work for some weeks. The main

body of the group runs pretty parallel with the Mandla trappean plateau, but

there are several small outliers. These would probably not have been discovered

in several instances had not the rivers, in which they were observed, been

resolutely walked throughout the whole of their course.

The predominant rock is limestone, and subordinate to it are red clays and

soft earthy sandstones. The limestone is sometimes pure, but more commonly

it is arenaceous and cherty. The analysis of a clean piece from the Sarpa nala

outlier gave the following result :—

Carbonate of lime...

Carbonate of magnesia

Oxide of iron and alumina

Sand ...

Clay ...

986

Such limestone as this would do well as a flux, but there is no scarcity of

good limestone in any part of the country.

Trap.—The trap forms a very prominent feature in our maps, owing to its

abundance ; but I shall reserve my special remarks on it for my Memoir.

5-6

•6

8-8

S'l

Submerged Forest on Bombay island. Observations by G. E. Ormiston, Resident

Engineer, Bombay Port Tntst.

(2nd Notice.)

Since the first notice 1 of the submerged forest discovered in the excavation

of the Prince's Dock at Bombay, some further particulars of interest have been

communicated. The facts then stated were, that beneath some 4 or 5 feet of

black marine mud, at a little under extreme low tide level and to a depth of 12

feet below it, a great number of stumps and logs of trees had been found embed

ded in a stiff blue clay, and rooted in or resting on the decomposed basaltic rock

(familiarly known in Western India as muram (rnoorum)), or else locally in a

dark loam ; that near the surface of the blue clay the stumps were extensively

perforated by Teredo borings, and that one log was found to have been charred.

A first point to be determined was the species of the trees, for, as Mr. Blan-

ford pointed out, if they were such as frequent mangrove forest, the amount of

the depression might be much less than was apparent. A large collection of sam.

pies was sent to the Geological Survey Office (Calcutta), where they were ex

amined by Mr. J. Sykes Gamble, Conservator of Forests (Bengal), who is well

acquainted with the structural characters of Indian timbers. Mr. Ormiston

had at first recognised two of the samples as teak wood, and this has been fully

confirmed by Mr. Gamble. These two specimens are believed to have been taken

from logs ; they were more decomposed than the others, and were probably drifted.

' Records G. S. I., Vol. XI (1877), p. 302.
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A considerable proportion of the other samples examined by Mr. Gamble,

several of them from stumps in place, were determined to be khair (Acacia catechu).

Both teak and khair are indigenous in the Konkan, but are not known to affect

ground within tidal reach, so it is clear that this forest must have stood clear

of high-water mark, and that the observed depth below that level (32 feet) is

a minimum measure of the depression. It is, moreover, presumable that the

excavations in the Prince's Dock did not reach the lowest level of submergence ;

in dredging the approach channels similar wood was brought up.

It would seem, however, that that old land surface was one of upheaval. The

' blue clay' in which the trees are embedded is remarkable for containing no

animal remains, and none were found below it except one oyster shell amongst

some gravel in a crevice of the underlying rock. Mr. Geoffrey Nevill compares

it with Ostrea ezcavata, Lam., but as there is only one valve identification

is impossible. Unless this shell were dropped there by some oyster-eating

animal, the evidence of upheaval would be direct, and it would so far confirm

Mr. Blanford's conjecture (I. c.) that the upheaval of the old sea beach on the

west side of Bombay island had preceded the depression *by which the forest was

submerged.

If burned wood can be taken as proof of man's presence—and in such a posi

tion as this the presumption for this inference would be very strong— the possible

oyster eater would be caught, though not convicted of the habit, much less of

having deposited that particular shell, which would occur by natural deposition

as found, in littoral gravel. The ' charred log ' mentioned in the former notice is

now in the Indian Museum, and a number of observers experienced in jungle

life have pronounced it to be indubitably burned. It is 4 feet 6 inches in circum

ference and the burned end is formed of one slightly concave surface, about

3 feet 6 inches in length, tapering to one side, exactly as occurs when a log is laid

across a camp fire and allowed to burn till it breaks and falls aside to smoulder

at the core. No other signs of human occupation have been found : no marks

of chopping were observed on this log or on any other, and no implements of

any kind. The circle of stones doubtfully mentioned by Mr. Ormiston in his

memorandum was unfortunately not seen by any competent observer.

The total number of trees found within the dock, in an area of 30 acres, was

382, of which there were 223 erect stumps, but many of the prostrate trees were

certainly in position, having the roots, and even the small twigs, still attached.

Although found over the whole area, the trees occur in clusters, with a decided

numerical preponderance on the eastern (harbour) side ; the prostrate trees also

occur all over, but are proportionately more numerous on the western (Bombay

island) side. These facts are very clearly shown on the plan furnished by Mr.

Ormiston. There is no mention of any prevailing direction in the position of

the uprooted trees, so it is presumable there was no very marked feature of that

kind. Owing to the scanty nature of the soil, it cannot have needed much

violence to overturn these trees.

The marked character of the bluish-grey clay in which the stumps are

embedded has probably some direct connection with the act of subsidence. In

mineral composition it does not differ from the overlying dark-brown mud of the
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harbour : both are stiff, slightly marly (calcareous) clays ; and the bcanty soil, or

' loam,' locally forming the bed of the forest, differs little from either, being only

the more direct result of the decomposition of the immediately subjacent basaltic

rocks. The paler clay only lacks the vegetable mould which gives its dark colour

to the soil of the forest, and the organic matter (in part animal) which im

pregnates the overlying clay forming the mud of the actual harbour. The latter

is freely charged with estuarine and marine shells : in the fragments sent to

the Museum, Mr. Nevill has recognised Potamides (Tympanotos) fluviatilis, Potiez

and Michaud, and Cerithium (? C. concismvi, Hombron and Jaeq) ; also numer

ous Teridinidce, among them a large Nausitora (cf. N. dunlopi, Wright), but as the

pallets are wanting, close identification is not possible. Even these boring shells

are for the most part confined to the upper end of the stumps at the top of,

or protruding through, the unfossiliferous blue clay. It would seem, then, that

this deposit had been somewhat rapidly accumulated immediately after rapid

subsidence of the ground, but without any rush of waters, for the fine twigs of

the fallen trees are still preserved in position in the clay. This comparative

rapidity of deposition would account for the absence of colouring organic matter

or of fossils, which is the peculiarity of this clay.

The following remarks are printed from Mr. Ormiston's memorandum dated

23rd June 1880 :—

" So far as one could judge, all the trees appeared to be of one kind, except two, which

looked like teak trees. Altogether 382 trees were found inside the dock ; 223 were upright,

and the remainder lying fiat. Some of the flat ones had no roots attached ; others had

apparently been knocked over, as a portion of the roots were in the soil. The timber was a

dark, fine-grained wood like rosewood. All were more or less infested by the teredo. Those

trees which protruded through the blue clay into the silt were completely riddled to a short

distance into the blue clay ; the holes then became fewer, and many of the trees, when cut

through into blocks, showed a single hole winding towards the roots and getting larger

as it approached the foot of the tree. Some of the holes were full 1 inch diameter, and were

filled with indurated clay like limestone ; others were lined with a crystalline secretion. I

forward samples of those ; also of the tubes which lined the smaller holes. One tree which

was found on its side was 46 feet long and about 36 inches girth ; it had apparently been blown

over, as in the blue clay surrounding the tree could distinctly be traced branches and twigs,

the woody portion complete'y gone, but traceable by the outer skin and discolouration of the

clay. It appeared to me that this tree must have been covered in very quietly ;' otherwise

the casts of the twigs, &c., would have been found in a mass, whereas they were separate

and distinguishable all through the surrounding clay.

" I should say many of the trees must have drifted, as they looked like logs when found

without appearance of branches and no roots attached. They all appeared of contempora

neous growth and on an uneven surface. The highest being 72'20 on T. H. D.1 or about

Low Water extreme springs. The lowest was about 56 00 on T. H. Datum, or 16 feet under

Low Water extreme springs. The general level of the plane of the port and native town is

about lOO'OO on T. H. D. The soil was generally very scanty, often not moro than 4* to

6'' thick, and the tree roots were spread out almost at right angles to the trunk, and

presented a very peculiar appearance.

1 T. H. D. or Town Hall Datum, an imaginary line 100 feet below the stone bench-mark j

at the Bombay Town Hall. According to Mr. Ormiston's figures, this bench-mark is 19'6

feet above mean sea-level. The extreme tidal range at Bombay is 16-6 feet.
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" No remains of any kind were found of implements, or any other sign of bnman occupa-

* tion, save a few small boulders, which the coolies said were found in the loam at the bottom

of one of the dams, and which they stated had been found in a circle with the largest in the

centre. This story is not well authenticated. There was no cutting or chipping in the

stones.

"No shells or organic remains were found in the blue clay or in the ground in which the

trees grew, except one oyster-shell, which was amongst some gravel in a crevice in the rock

under the blue clay. Traces of twigs and reeds were perceptible in the blue clay, mere

impressions of the latter, with a fine film of the outside skin in some cases adhering to the

clay. None of the casts were more than half an inch wide ; they appear to have grown pretty

straight and close together, and were vertical. Immediately underneath the traces of reeds

were pockets in the underlying yellow loam, like rats' holes, about 3" diameter, winding and

twisting through the soil. They were filled with extremely fine clay, nearly as fluid as cream.

Some of the holes were seen commencing from the surface, and disappeared about a foot

down ; others had been cut through, and showed a section of the hole.

" The strata in the line of the channels presented the same features as in the interior of

the dock, except there were fewer trees, only a few having been picked up by the dredger.

The reefs were black on the surface, some parts were found black inside when blasted, and

others liver-coloured and red. These portions were extremely hard. Large quantities of trap

boulders, the same as the trap reefs, overlaid these reefs. A box of samples is herewith for

warded, besides a plan showing a section through a portion of the dock."

The rocks forwarded by Mr. Ormiston represent several common types of the

Deccan traps, but one kind is conspicnons, which is never, so far as I know, found

on the uplands of the Deccan : it is a coarse volcanic agglomerate or breccia,

largo angular fragments of basalt encased in an ashy matrix. The fact is of

interest in connection with the view so well stated by Mr. G. T. Clark,1 that the

chief foci of eruption of this great volcanic formation lay in the Konkan and its

margin.

H. B. MEDLICOTT.

DONATIONS TO THE MUSEUM.

Donors.

Native antimony, fibrous stibnite and cinnabar from Borneo.

The Commissionbbs op thb Melbourne Exhibition of 1880.

Seventeen samples of Belgian wrought iron.

The Commissioners op the Melbourne Exhibition of 1880.

' Tin-splash ' from Pcrak.

The Commissionebs of the Melboubne Exhibition of 1880.

Twenty-two samples of crude and prepared grinding and polishing materials, &c.

Mbssbs. John Oakey & Sons, London.

Rock crystal from Madagascar and stibnito from Rodrigues' Island.

J. Caldwell, Esq.

Three specimens of graphite from Ceylon.

^LIAN KlNO, Esq., Ceylon Civil Service.

Cuprite with native copper, Cornwall.

0. Fbazeb, Esq.

1 Records 0. S. I., Vol. XIII (1880), p. 69.
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Donort.

Two celts, from near Dh&dka, Barrabhum, Manbhum.

Four celts from Chutia Nagpur and^Orissa.

A celt from Parisnath.

Tincal from Tibet, and borax.

Auriferous sand from tbe Parbatti river, Kulu.

J. Devf.ri a, Esq.

V. Ball, Esq.

J. Whittey, Esq.

F. J. Cbookb, Esq.

A. G. Young, Esq.

ADDITIONS TO THE LIBRARY

From 1st Jolt to 30th September 1881.

Titles of Boohs. Donors.

Ball, V.—The Diamonds, Coal, and Gold of India ; their mode of occurrence and distribution

(1881), 8vo., London.

Bauebman, H.—Text-book of Systematic Mineralogy (1881), 8vo., London.

Bauebman, H.—Treatise on the Metallurgy of Iron (1874), 8vo., London.

Boubguignat, J. K.—Histoire Malacologique de la Colline de Sausan (1881), 8vo., Paris.

The Adthoe.

Beonn.—Klassen und Ordnungen des Thier-Reichs :

Band VI., Abth. III. Reptilien, Lief. 18—21.

Band V., Abth. II. Gliederfussler : Arthropoda, Lief. 1—3.

Band I., Protozoa, Lief. 8 & 9 (1881), 8vo., Leipzig.

Cabbal, F.—Estudo de Depositos Superficiaes da Bacia do Douro (1881), 4to. pht., Lisboa.

Section des Tbavaux Geologiques du Poetugal.

Choffat, Paul.—Etude Stratigraphique et Pale"ontologique des Terrains Jurassiques du

Portugal, Livr. I. (1880), 4to. pht., Lisbonne.

Sbction des Tbavaux Geologiques du Pobtugal.

Cobbespondencb relating to Greenough's Map of India (1856), 8vo. pht., Madras.

R. D Oldham, Esq.

Cotteb, J. C. B.—Fosseis das Bacias Terciarias Marinas do Tejo, do Sado, e do Algarve

(1879), 8vo. pht., Lisboa.

Section des Teavaux Geologiques du Poetugal.

Daubbeb, M.—Etudes et Experiences Synthdtiques sur le M£tamorphisme et sur la Forma

tion des Roches Cristallines (1859), 8vo. pht., Paris.

R. D.- Oldham, Esq.

Dblgado, J. F. N.—Breves Apontamentos sobre os Terrenos Paleozoicos do Nosso Paix

(1870), 8vo. pht., Lisboa.

Section des Tbavaux Geologiques du Poetugal.

Delgado, J. F. N.—Da Existencia do homem no nosso solo em tempos mui remotos provada

pelo estudo das cavernas. Primeiro Opuscula. Noticia Acerca das Grutas da

Cesareda (1867), 4to. pht., Lisboa.

Section des Tbavaux Geologiques du Pobtugai .
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Delgado, J. F. N.—Relatorio da Commissao Desen penhada em Hespanha no anno de

1878 (1879), 4to. pht., Lisboa.

Section des Tbavaux Geologiques du Poetugal.

Delgado, J. F. N.—Sobre a Existencia do Terreno Siluriano no Baixo Aleintejo (1876),

4to. pht., Lisboa.

Section des Tbavaux Geologiques du Poetugal.

Fbitsch, Db. Ant.—Fauna der Gaskohle und der Kalksteine der Permfonnation Bohmens.

Band I, heft. 3 (1881), 4to. Prag.

Hackney, W.—Report on the Iron Ore and Coal from the Chanda District of the Central

Provinces (1879), 8vo., Roorkee.

Thomason Collbgb of Civil Engineebing.

Hindb, G. J.—Fossil Sponge Spicules from the Upper Chalk (1880), 8vo., Munchen.

The Author.

Jeffries, David.—Treatise on Diamonds and Pearls (1871), 8vo., London.

Larsen, A.—Dansk-Norsk-Engelsk Ordbog](1880), 8vo., Copenhagen.

Lloyd, Majob Sib Wm., & Gbbabd, Capt. Alex.—Narrative of a journey from Cannpoor to

the Boorendo Pass in the Himalaya Mountains, vid Gwalior, Agra, Delhi, and

Sirhind ; and an account of an attempt to penetrate by Bekhur to Garoo and

the Lake Manasarowara, Yols. I and II (1840), 8vo., London.

Mbunieb, Stanislas.—titude descriptive theorique et expe'rimentale sur les Meteorites

(1867), 8vo., Paris.

R D. Oldham, Esq.

Norwegian North Atlantic Expedition, 1876—1878.

Zoology. Fishes, by Robert Collett (1880).

„ Gephyrea, by D. C. Danielssen and Johan Koren (1881).

Chbmistby : I. On the Air in Sea-water ; II. On the Carbonic Acid in Sea-water ;

III. On the amount of Salt in the water of the Norwegian Sea, by Hercules

Tornoe : (1880-81), 4to., Christiania.

The Editorial Committee to thb Norwegian Nobth Atlantic Expedition.

Oman, V. E.—Svensk-Engelsk Hand-Ordbok (1872), 8vo., Orebro.

On the manufacture of Iron and the futubb of the Chabcoal Ibon Industry in

India (1881), flsc, Allahabad.

Homb Department.

Prestwich, Joseph.—An Index Guide to the Geological Collections in the University

Museum, Oxford (1881), 8vo., Oxford.

Ribeibo, Cablos.—Descripcao do solo Quaternario das Bacias Hydrograpbicas do Tejo

e Sado. 11 ° Caderno (1866), 4to. pht., Lisboa.

Section dbs Travaux Geologiques du Poetugal.

Ribeibo, Cablos.—Des Formations Tertiaires du Portugal (1880), 8vo. pht., Paris.

Section des Tbavaux Geologiques du Portugal.

Ribeibo, Cablos.—Memorta sobre o Abastecimento de Lisboa com Agnus de Nasceute e

Agnas de Rio (1867), 4to. pht., Lisboa.

Section dbs Tbavaux Geologiques du Pobtugal.

Ribeibo, Cablos.—Noticia de Algumas Estacoes e Monumentos Prehistoricos (1878 & 1880),

4to. pht., Lisboa.

Section dbs Tbavaux Geologiques du Poetugal.

g
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Ribbibo, Caelos.—Relatorio aperça da sexta reuniao do Congresso de Anthropologia e de

Archeologia I'rehistorica Veriticada na Cidade de Bruxellas no mez de Agosto

de 1872 (1873), 4to. pht., Lisboa.

Section des Tbavaux Géologiques du Poetugal.

Rutot, A.—Compte Rendu au point de vue pale'ontologique de L'Excursion de la Socie'te'

Malacologique de Belgique aux environs de Renaix en 1879 (1880), 8vo. pht.,

Bruxelles.

Musée Royal d'Hist. Nat. de Belgique.

Rutot, A.—Compte Rendu des Excursions faites en commun par les Socie'te's Ge'ologiques et

Malacologiques de Belgique aux environs de Bruxelles, 5—7 Septembre 1880

(1881), 8vo. pht., Bruxelles.

Musée Royal d'Hist. Nat. de Belgique.

Rutot, A.—Compte Rendu d'une course dans le Quaternaire de la Valle'e de la Somme aux

Environs d'Abbeville (1881), 8vo. pht., Bruxelles.

Musée Royal d'Hist. Nat. de Belgique.

Rutot, A.—Compte Rendu pre'sente' a la Socie'te' Malacologique de Belgique de L'Excursion

de la Socie'te' Ge'ologique de France dans le Boulonnais, 9—18 Septembre 1880

(1881), 8vo. pht., Bruxelles.

Musée Royal d'Hist. Nat. de Belgique.

Rutot, A.—Sur la position stratigraphique des restes de Mammifères Terrestres recueillis

dans les couches de L'Éocène de Belgique (1881), 8vo. pht., Bruxelles.

Musée Royal d'Hist. Nat. de Belgique.

Tenant, Prop.—Gems and Precious Stones (1852), 8vo., London.

Watts, Henby.—Dictionary of Chemistry, 3rd Supplement, Vol. VIII., Part II. (1881),

8vo., London.

Zigno, Achille de.—Flora Fossilis' formationis Oolithicœ, Vol. II, No. 2 (1881), 4to.,

Padova.

PERIODICALS, SERIALS, &c.

American Journal of Science and Arts, 3rd Series, Vol, XXI, Nos. 126 and 127, and XXII,

No. 128 (1881), 8vo, New Haven.

The Editors.

Annalen der Physik und Chemie. New Series, Band XIII, Nos. 6 to 8 (1881), 8vo, Leipzig.

Annales des Mines, 7th Series, Vol. XIX, livr. 1 and 2 (1881), 8vo, Paris.

L'Adkiks. des Mines.

Annales des Sciences Naturelles, 6th Series, Botanique, Vol. X, No. 6, and XI, Nos. 1—2 :

Zoologie et Pale'ontologie, Vol. XI, No. 1 (1881), 8vo, Paris.

Annals and Magazine of Natural History, 5th Series, Vol. VIII, Nos. 43—45 (1881), 8vo.

London.

Archiv fur Naturgeschichte, Jahrg. XLVH, heft 2 (1881), 8vo, Berlin.

Athenœum, Nos. 2799—2810 (1881), 4to, London.

Beiblâtter zu den Annalen der Physik und Chemie, Band V, Nos. 5—8 (1881), 8vo, Leipzig.

Bibliothèque Universelle. Archives des Sciences Physiques et Naturelles, 3-me. Pe'riode, Tome

V, Nos. 4—6 (1881), 8vo, Genève.

Bibliothèque Universelle et Revue Suisse, 3-me. Pe'riode, Tome X, Nos. 29 and 30, and XI,

No. 31 (1881), 8vo, Lausanne.

Botanisches Centralblatt, Band VI, Nos. 10—13, and VII, Nos. 1—8 (1881), 8vo, Cassel.

Chemical News, Vol. XLIII, Nos. 1125—1128, and XLIV, Nos. 1129-1136 (1881), 4to,

London.
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Colliery Guardian, Vol. XLI, Nos. 1068—1069, and XHI, Noj. 1070—1079 (1881), fol.,

London.

Das Ausland, Jahrg. LIV, Nos. 23—35 (1881), 4to, Stuttgart.

Geological Magazine, New Series, Decade II, Vol VIII, Nos. 7—9 (1881), 8vo, London.

Iron, Vol. XVII, Nos. 440—442, and XVIII, Nos. 443-451 (1881), fol., London.

Journal de Conchyliologie, 3rd Series, Vol. XXI, No. 1 (1881), 8vo, Paris.

Journal of Science, 3rd Series, Vol. IlI, Nos. 91—93 (1881), 8vo, London.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series,

Vol. XII, Nos. 72—74 (1881), 8vo, London.

Mining Journal, with Supplement, Vol. LI, Nos. 2390—2401 (1881), fol., London.

Naturse Novitates, Nos. 11—16 (1881), 8vo, Berlin.

Nature, Vol. XXIV, Nos. 607—618 (1881), 4to, London.

Neues Jahrbuch fur Mineralogie, Geologic und Pabeontologie, Jahrg. 1881, Band II, heft

1 and 2 (1881), 8vo, Stuttgart.

Palseontograpbica, Band XXVIII, Lief 1 (1881), 4to, Cassel.

Petermann's Geographische Mittheilungen, Band XXVIII, Nos. 7—9 (1881), 4to, Gotha.

„ „ Supplement No. 65 (1881), 4to, Gotha.

Professional Papers on Indian Engineering, 2nd Series, Vol. X, No. 41 (1881), 8vo, Roorkee.

Thompson College of Civil Engineering.

Quarterly Journal of Microscopical Science, New Series, Vol. XXI, No. 83 (1881), 8vo,

London.

The Zoological Record for 1879, Vol. XVI (1881), 8vo, London.

Zeitschrift fur die Gesammton Naturwissenschaften, 3rd Series, Band V, heft. 1—6 (1880),

8vo, Berlin.

GOVERNMENT SELECTIONS, &c.

Bengal.—General Rules and Circular Orders of the High Court of Judicature at Fort

William in Bengal, Appellate Side, Civil and Criminal (1881), 8vo, Calcutta.

Govt, of Bengal.

Bombay.—Magnetical and Meteorological Observations made at the Government Observa

tory, Bombay, in 1871 to 1878 (1881), 4to, Bombay.

Bombay Govt.

„ Report on the Administration of the Meteorological Department of Western

India for 1880-81 (1881), flsc., Bombay.

Mbteobological Dept., Western India.

„ Selections from the Records of the Bombay Government. New Series, No. 155

(1881), 8vo, Bombay.

Bombay Govt.

India.—Bbandis, D.—Review on the Forest Administration in the several provinces under

the Government of India for the year 1879-80 (1881), flsc., Simla.

Fobest Depabtment.

„ Blanfoed, H. F.—Report on the Meteorology of India in 1879 (1881), 4to,

Calcutta.

Mbteobological Rbpobteb to Govt, of India.

„ Registers of Original Observations in 1880, reduced and corrected, June to October

1880 (1881), 4to, Calcutta.

Meteorological Reporter to Govt, op India.
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India.—Calcutta University Calendar for 1881-82 (1881), 8vo, Calcutta.

H. B. Medlicott, Esq.

Calcutta University Minutes for the year 1880-81, Vol. XXIV (1881), 8vo, Calcutta.

H. B. Medlicott, Esq.

„ List of Officers in the Survey Departments on the 1st July 1881 (1881), flsc.,

Calcutta.

Rev. & Agbi. Dbpt.

„ Selections from the Records of the Government of India, Foreign Department,

No. 176. Report on the Political Administration of the Rajputana States,

1879-80 (1881), 8vo, Calcutta.

FoBEIGN DEraBTMEKT.

Madbas.—Selections from the Records of the Madras Government, 2nd Series, Nos. II and

III (1855), LXXIII (1862), LXXIII (1863), LXX1V and LXXV (1863) to

LXXXIX (1866); New Series Nos. XLIV (1875), and LIII (1876) (1855-76),

8vo, Madras.

Madbas Government.

TRANSACTIONS, PROCEEDINGS, 4c, OF SOCIETIES, SURVEYS, &c.

Berlin.—Monatsbericht der Konig. Preuss. Akademie der Wissens. zu Berlin. February to

April 1881 (1881), 8vo, Berlin.

The Academy.

Zeitschrift der Dentschen Geologischen Gesellschaft, Band XXXIII, heft 1 (1881)

8vo, Berlin.

The Society.

Bbistol.—Proceedings of the Bristol Naturalists' Society, New Series, Vol. IlI, pt. 2 (1881),

8vo, Bristol.

The Society.

Calcutta.—Asiatic Researches, Parts I and II (1829 and 1833), 4to, Calcutta.

R. D. Oldham, Esq.

„ Journal of the Asiatic Society of Bengal. New Series, Vol. L, Part I, No. 2,

and Part II, No. 2 (1881), 8vo, Calcutta.

The Socibty.

„ Proceedings of the Asiatic Society of Bengal, Nos. V-VII (1881), 8vo, Calcutta,

The Society.

„ Memoirs of the Geological Survey of India, VoL XVILT, pts. 1 and 3 (1881),

8vo, Calcutta.

Geological Suevey of India.

„ Records of the Geological Survey of India, Vol. XIV, pt- 3 (1881), 8vo, Calcutta.

Geological Suevey of India.

„ Reports of the Archaeological Survey of India, Vols. X and XI (1880), Svo.,

Calcutta.

The Subvby.

„ Return of Wrecks and Casualties in Indian Waters for 1880, together with a

Chart showing the positions in which they occurred (1881), Bsc., Calcutta.

Mabine Suevey Dbpabtment.
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Cambbidgb, Mass.—Annual Reports of the Museum of Comparative Zoology, for 1859 to

1862, 1867, 1872, and 1877-78 (1861—1878), 8vo, Cambridge, Mass.

Museum of Compabative Zoology.

„ Bulletin of the Museum of Comparative Zoology, Vol. IlI, No. 8,

(1873), and Vol. VIII, No. 10 (1881) (1873 and 1881), 8vo, Cam

bridge, Mass.

Museum op Compabatite Zoology.

M Illustrated Catalogue of the Museum of Comparative Zoology, Nos. 5

and 6 (1871 and 1872), 4to, Cambridge, Mass.

Museum of Compabative Zoology.

Colombo.—Journal of the Ceylon Branch of the Royal Asiatic Society, 1867-70. Part II

(1870), 8vo, Colombo.

G. Nevill, Esq.

Copenhagen.—Oversigt over det Kong, danske Vidensltabernes Selskabs Forhandlinger

og dets Medlemmers Arbejderi Aaret 1880-1881. 1880, No. 3, and 1881,

No. 1 (1880-81) 8vo, Copenhagen.

The Academy.

Dijon.—M^moires de L'Acade'mie des Sciences, Arts, et Belles-Lettres de Dijon, Series III,

Vol. VI (1881), 8vo, Dijon.

The Academy.

Dublin.—Proceedings of the Royal Irish Academy, Series II, Vol. II., No. 2, and Vol. IlI,

Nos. 5 and 6 (1880 and 1881), 8vo, Dublin.

The Academy.

Transactions of the Royal Irish Academy, Vols. XXVII, No. 4, and XXVIII,

Nos. 1—5 (1880 and 1881), 4to, Dublin.

Thb Academy.

Gbnbva.—Me'moires de la Socie'te' de Physique et D'Histoire Naturelle, Vol. XXVII, pt. 1

(1880), 4to., Geneve.

The Society.

Halle.—Abhandlungen der Naturforschenden Gesellschaft zu Halle, Band XV, heft 1

(1880), 4to, Halle.

The Society.

Halle.—Bericht t)ber die Sitzungen der Naturforschenden Gesellschaft zu Halle, im Jahre

1880 (1880), 8vo., Halle.

Thb Society.

Lausanne.—Bulletin de la Socie'te' Vaudoise des Sciences Naturelles, 2nd Series, Vol. XVII,

No. 85 (1881), 8vo., Lausanne.

The Society.

Li£qe.—Annales de la Societe' Geologique de Belgique, Vols. V and VI (1878-81), 8vo,

Liege.

The Society.

Lisbon.—Boletim da Sociedade de Geographia de Lisboa, 2nd Series, Nos. 4 and 5 (1881) 8vo.,

Lisboa.

The Society.

London.—Journal of the Anthropological Institute of Great Britain and Ireland, Vol. X,

No. 3 (1881), 8vo., London.
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London.—Journal of the Iron and Steel Institute, No. 1, 1881 (1881), 8vo., London.

The Institute.

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series,

Vol. XIII, pt. 3 (1881), 8vo., London.

Thb Society.

„ Journal of the Society of Arte, Vol. XXIX, Nos. 1491-1501 (1881), 8vo., London.

The Society.

„ Proceedings of the Literary and Philosophical Society of Liverpool, Vols. XXXLII

and XXXIV (1879-70), 8vo., London.

The Society.

„ Proceedings of the Royal Geographical Society, New Series, Vol. HI, Nos. 5—8,

(1881), 8vo., London.

The Socibty.

Proceedings of the Royal Society, Vols. XXXI, No. 211, and XXXII, No. 212

(1881), 8vo., London.

Thb Society.

„ Proceedings of the Zoological Society of London, Part IV (1880), and Part I

(1881), 8vo., London.

The Society.

„ Transactions of the Zoological Society of London, Vol. XI, pts. 3—5 (1881), 4to

London.

The Society.

„ Quarterly Journal of the Geographical Society of London, Vol. XXXVTI, No. 146

(1881), 8yo., London.

Thb Socibty.

Madbid.—Boletin de la Sociedad Geografica de Madrid, Vols. X, Nos. 5 and 6, and XI, No. 1

(1881), 8vo., Madrid.

The Society.

Manchester.—Report and Proceedings of the Manchester Scientific Students' Association

for 1880 (1881), 8vo., Manchester.

Thb Association.

„ Transactions of the Manchester Geological Society, Vol. XVI, pts. 6—8

(1881), 8vo., Manchester. .

The Society.

Melbourne.—Reports of the Mining Surveyors and Registrars for quarter ending 31st

March 1881 (1881), flsc, Melbourne.

Mining Dept., Victobia.

„ Transactions and Proceedings of the Royal Society of Victoria, Vol. XVII

(1881), 8vo., Melbourne.

The Society.

Moscow.—Bulletin de la Socie'te' Imperiale des Naturalistes de Mofcou, Tome LV, Nos. 3

and 4 (1881), 8vo., Moscou.

The Socibtt.

Philadelphia.—Journal of the Franklin Institute, 3rd Series, Vol. LXXXI, No. 6, and

LXXXII, Nos. 1 and 2 (1881), 8vo., Philadelphia.

The Institute.
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Pisa.—Atti della Società Toscana di Scienze Naturali. Processi Verbali. 8 Maggio 1881

(1881), 8vo., Pisa.

Thb Society.

Pio de Janeibo.—Annaes da Escola de Minas de Ouro Preto, No. I (1881), 8vo. Rio de

Janeiro.

The School of Mines.

Rome.—Atti della R. Accademia dei Lincei, Serie Terza, Memorie, Vols. Ill to Vili (1878-

1880), 4to., Roma.

The Academy.

„ Atti della R. Accademia dei Lincei, Serie Terza, Transunti, Vol. V, fase. 13 and 14

(1881), 4to., Roma.

The Academy.

„ Bollettino del R. Comitato Geologico d' Italia, Vol. XI (1880), 8vo., Roma.

Royal Gbol. Comm., Italy.

Salem, Mass.—Memoirs of the Peabody Academy of Science, Vol. I, Nos. 6—6 (1881),

Ryl. 8vo., Salem, Mass.

The Academy.

Singapobe.—Journal of the Straits Branch of the Royal Asiatic Society, No. 7 (1881),

8vo., Singapore.

The Society.

St. Pbtebsbueo.—Bulletin de L' Aeade'mie Imperiale des Sciences de St. Pe'tersbourg,

Vol. XXVIII, Nos. 1 and 2 (1881), 4to. St. Pe'tersbourg.

The Academy.

„ Me'moires de L'Acade'mie Inipe'riale des Sciences de St. Pe'tersbourg,

Vol. XXVIII, Nos. 1 and 2 (1880), 4to., St. Pe'tersbourg.

The Academy.

Tcbin.—Atti della R. Accademia delle Scienze di Torino, Vol. XV, Disp. 1—8 (1879-80),

and Vol. XVI, Disp. 5 and 6 (1881) (1879-81), 8vo., Torino.

The Academy.

„ Bollettino dell' Osservatorio della Regia Università di Torino, Anno XIV (1879)

and XV (1881), (1880 and 1881), ob. 4to., Torino.

The Academy.
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