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Part 1.] 188]1. [February.

ANNUAL REPORT OF THE GEOLOGICAL SURVEY 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-
gisted 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 Gondwéna rocks of the Prinhita-God4vari

GODAVARI: basin. His final report on that ground is now in course
MM. King and Oldham.  of 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 Bustar 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

8ouTH REWAH : central basins of Gondwina rocks—that occupying a very

Mr. Hughes. large part of the drainage area of the S6n (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 Gondwéna formation. In this connexion I may quote a passage from
my preliminary report on the Sitpura 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 Mdhddeva and Damida, would be awkward and local; the Jabalpur
group being most closely tied to the Mdhddevas, and the best general physical
break in the whole sedimentary series occurring above the Barikars in the so-
called Damiida series. One must for the present be content with the independent
arrangement of the groups in the several basins (as here suggested for the Sitpura
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 & collective
name for this series as a whole, from the Talchirs to the Jabalpur (or ? R4jmab4l).
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 Sitpura
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 S6n and southwards down to the coal-measures of Pili on the
Johilla. In thus representing it, Mr. Hacket's work agreed with the sketch
survey made in 1860 by thelate 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 Gondwéna 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 Damida region (Memoirs, Vol. XV1I,
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 Gondwéna area of the S6n 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 (eas* and west) in the Sétpuras,
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 Réniganj group,
with a band at the base in which fossils of the Karharbdri horizon occur, but
which has. pot yet proved separable stratigraphically. On the 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 charagter 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 dome when I
examined the section of the Johilla in 1869; while in the similar case in the
Mohpéni field (Sitpura 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 fleld ; but in the lower portion
of those upper rocks the fossils are recognised by Dr. Feistmantel as very
decidedly of Lower Gondwéna species. The relation is altogether most similar
to that of the Kimthi-Bardkar boundary in the Wardha-God4vari 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
groap of the Goddvari 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 Sén basin
correspouds very well with that independently assigned to the Maleri clays in
the Prénhita-Godédvari area, where they are unconformable, or at least trans.
gressive, on the Kdmthi 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 Sitpuras, over the Pachmari (Mdhéddeva) sandstone,
and below the Bdgra 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 L4l 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. Hacket. ground was covered, but the publication must be post-
poned. In the neighbourhood of Chittorgarh Mr. |Hacket 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
EATTYWAR. charge of the museum during Mr. Mallet’s absence.

| m— e e e
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The search for fossils in the Siwaliks of the north-west Punjab during the
SUB-HIMALAYAS : past season was not very successful ; it was partly under-
Mr. Theobald. taken in ground where collections had recently been made,
8o 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 Kaghdn
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 result 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 Ripar and Bilispur, 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

HaziRra : 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

NomTH-WEST brought within our ken a large area on the north-west

HIMALAYA : confimes of the Kashmir Territories, in Dérdistén and
Mr. Lydekker. Baltistdn. 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 Kailds axis ex-
pands on the south-west into confluence with that of Deozai, Dérdistdn, and Childg
(beyond the Indus), and on the north-east with that of the Mustég, 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 Kush
on the west. North of Shigar an independent basin of triassic and palsozoic
strata comes in on the southern flanks of the Mustdg, 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 Drés, 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
palecozoic 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 paleontological 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 pal®ozoic 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

Mioprs Himaravas: 8ccount of his observations in the high Himalayas of

Mr. Griesbach, 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-
ing 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 anthority
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 grcund, 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. III, Appendix),
and it has from the first been adopted for certain parts of the region, such as
the Dhauladhér and the Pir Panjil; 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 umseful 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 Gondwénas 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 ome, atleast on paper. It
would indeed be 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 Gondwénas 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 ig
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 t{ime 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. Griesbach. 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 Afghdnistin, 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 Boldn pass, and to afford information to the Wali
of Kandahir 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 Kédndahdr 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 resunlts will
be published as soon as the map and figures can be prepared ; meantime the
following leading features may be mentioned :—In the wholc 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 G4j groups of
Mr. Blanford’s Sind series) form the fringing hills about Dédar; and the lower
beds (Géj) were again recognised at several points of the route. They are
always strongly anconformable to the eocene. These lower tertiary rocks have
s two-fold composition—presenting a limestone facies in Biluchistén and a
fiysch aspect in Afghénistdn (Ghazidbid 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 Bolin 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.

T 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 Godédvari
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 descripticn 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 Paleontologia Indica has been full and im-
portant. Professor MarTIN 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, Mg,
LYDEKEKER 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. FEISTMANTEL issued
the first part of his flora of the Damiida and Panchet divisions, containin'g eighteen
plates. He also prepared very full systematical lists and indices for the earlier

o — — b
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nambers, thus completing the two first volumes of this scries of the Palreontologia
Indica, entitled the Fossil Flora of the Gondwéana System. As may be gathered
from remarks on a previous page, we should be quite helpless to undertake the
classification and description of the main areas of the Gondwéna formation with-
out the assistance afforded by Dr. Feistmantel’s elaborate study of the fossil
botany of these rocks. The second part of DrR. WAAGEN's description of the Salt-
range fossils, containing 111 pages of text and 10 plates, was issued during the
year. The 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. The 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 lcft lic in this quarter rather than
in the management of mining establishments. The conditions which have led to
the enactment of strict regulations in countries where extensive mining operations
are carriecd on have as yet no existence in India; there arc no hardships to be
cndured essentially different from those involved in other branches of enterprise,
the adjustment of which is best left to the gnidance of intelligent self interest
and benevolence. Government has therefore refrained from imposing upon this
industry the annoyances inseparable from an official inspection involving the
actual mining operations. There is, however, one point that cannot be 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 the 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 t 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 offico
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, forlittle 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 scen, said or done upon this very
important subject. I feel confident that Mr. Ball will do justice to the work
he 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. Fedden re-
arranged the scries of meteorites, combining tho collection formerly belonging
to the Asiatic Society with the larger series previously in the possession of the -
Survey. The carefully-checked catalogue prepared by Mr. Fedden was pub-
lished and issued before the close of the year.

I availed mysclf of Mr. Mallet’s willing scrvices while on sick leave in Europe
to supply an important want in our Museum. The collection of uscful mineral
products, and the description of them in so far as relates to their abundance and
mode of occurrence, is ecssentially 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 elastic 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 the facilities given or available for such work. The Survey has
always endeavoured to kecp 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
the want of good samples of raw materials of known quality in the arts. I
accordingly asked Mr. Mallet to cndeavor to procure such samples for the Museum.
He 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 were 1,645 volumes and parts of volumes added to the library
during the past year—751 by purchase and 894 presented. It should be noted
that these figures are taken from the entries in the library register, the weckly
or monthly parts of journals being separately counted.

Personnel.—The following officers were absent on furlough during the year :—
Mr. Blanford for the whole year; Mr. Foote rcjoined his appointment on the 7th
of Decomber, and resumed work in the Madura district ; Mr. Wynne took twenty
months’ leave on the 3rd of April; Mr. Mallet returned from furlough on the
23rd of October, and resumed charge of the laboratory and the mineral collec.
tions ; Mr. Ball returncd to offico on the 16th of October. On the 30th of J uly
Mr. Pramatha Nath Bose, B. Sc. (London), F. G. S., joined his appointment on
the graded staff of the Survey, being the first native gentleman who has duly

qualificd himsclf for the post. There is much ground for hope that he will prove
equal to the dutics he has undertaken.

CaLcurra, H. B. MEDLICOTT,
The 26th Junuary 1881, Superintendent, Geological Surcey of India.
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List of Societies and other Institutions from which publications have been 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.
Berrast.—Natural History and Philosophical Socicty.
BeruiN.—German Geological Society.

» —Royal Prussian Academy of Sciences.
BoLogNA.—Academy of Sciences.

BoupAaY.—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.
BupApesT.—Hungarian Institute.
CagN.—Linnean Society of Normandy.

CaLcurra.— Agricultural and Horticultural Socicty.

»  —Asiatic Society of Bengal.
»  —Marine Survey.

»  —Meteorological Department.
»  —Survey of India.

»  =—Trustees, Indian Museum.
CaupripGE-Mass.—Museum of Comparative Zoology.
CoreNEAGEN.—Royal Danish Academy.
DuoN.—Academy of Sciences.

DrespeN.—Isis Society.
DusLiN.—Royal Geological Society of Ircland.
» —Royal Irish Academy.
» —Royal Dublin Society.
EpinBuraH.—Geological Society.

» —Royal Scottish Society of Arts.

” —Royal Society.

GeNeva.—Physical and Natural History Socicty.
G rLasaow.—Geological Society.
»  —Glasgow University.
»  —Philosophical Society.
HarLLe.—Imp. Leopol. Carol. German Academy.
Harr18BURG.—Gcological Survey of Pennsylvania.
Inp1anaroris.—Geological Survey of Indiana.
Koniespera.—Physical Economic Society.
Lavsanne.—Vandois Society of Natural Scicnce.
LonpoN.—Geological Society.

» —India Office.

» —Iron and Steel Institute.

»  —DLinnean Socicty.
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LoxpoN.—Royal Asiatic Society.

»» —Royal Geographical Socicty.

» —Royal Institution of Great Britain.

» —Royal Society.

,»  —Society of Arts.

—Zoological Society.

M,\ mun —Geographical Society.
MancaesTER.—Geological Society.
MeLsourNE.— Geological Survey of Victoria.

” —Mining Department, Victoria.

” —Royal Socicty of Victoria, -
MinNEAPOLIS.—Minnesota Academy.
MiLaN.—Society of Natural Science.
MonTrEAL.—Geological Survey of Canada.
Moscou.—Imperial Society of Naturalists.
Munica.—Royal Bavarian Academy of Sciences.
NEevceATEL—Society of Natural Sciences. _
New HavEN.—Connecticut Academy of Arts and Sciences.

” —Editors of the Amecrican Journal of Scicnce.
Paris.—Academy of Sciences.
,» —Geological Society of France.
,» —Mining Department.
PenzancE.—Royal Geological Society of Cornwall.
PuiLapELrHIA.—Academy of Natural Sciences.
’ —American Philosophical Socicty.
» —PFranklin Institute.
Pisa.—Society of Natural Sciences, Tuscany.
Roue.—Geological Commission of Italy.
» —Royal Academy.
RoorkgE.—Thomason College of Civil Engineering.
Saint PeTERSBURG.—Imperial Academy of Scicnces.
SaLen-Mass.—Essex Institute.
S1NGAPORE.—Straits Branch of the Royal Asiatic Socict, y.
StockBOLM.—(Geological Survey of Sweden.
STrASBURG.—Strasburg University.
SYpNEY.—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.

” —TUnited States Geological and Geographical Survey.
WELLINGTON.—Geological Survey of New Zealand.

» —New Zeanland Institute.
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YoronaMa.—Asiatic Society of Japan.
~—German Naturalists’ Society.

’ —Public Works Department, Japan.
York.—Yorkshire Philosophical Society.
ZutricH,~—Natural History Society.

The Government of Bengal.

”»

,, ’ Bombay.
”» s Madras.
’ . North-Western Provinces.
’ " Punjab.
The Chief Commissioner of Assam.
' s British Burma.
Central Provinces.

” ”

. ”» Mysore.
The Resident, Haiderabad.

Foreign, and Home, Revenue, and Agricultural Departments.
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Geology of Part of Dérdistdn, Baltistdn, and Neighbouring Districts, being fifth
notice of the Geology of Késhmir and Neighbouring Territories.—By
R. Lypekker, B.A,, F.Z.S., GQeological Survey of India.

(With Map and Sections.)
I.—INTRODUCTION.

Area ezamined.—The area of country geologically examined by myself during
the past summer comprehends the north-western portion of the territories of
the Mahardji of Késhmir; namely, a considerable portion of Dérdistdn,' the
greater portion of Baltistdn, together with Suru (Sooroo), and the upper half of
the Wardwan valley : a re-examination of the rocks of part of the Kdshmir 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 K4shmir above
Bandipur, on the northern shore of the Walar lake, my route lay across the
Trigbal pass into the valley of the Kishangangd (Kishenganga) river: 1 pro-
ceeded up this valley as far as Gurez (Gurais), from which point I turned off to
the northward, and advanced up the valley of the Burzil (Boorzil) river, and
thence across the Dorikiin (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) L4 to
Rondu on the Indus, and thence up the valley of that river to Skirdu (Skardo,
or Iskardo). From Skirdu I advanced up the valley of the Indus to its junc-
tion with the Shdyok (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 run northward up the Hushi
(Hushe) valley, as far as the foot of the gigantic peak numbered K1 on the
Survey map. Returning down the Sbdyok 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 Baltistdn, advancing a considerable distance up the
Palma (Punmah®) and Baltaro (Boltoro) glaciers. Returning once again to
Skirdu, my route lay across the plains of Deosai, thence down the Shingo river,
and across the Marpo L 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 (Lénwi L&) into the valley of the Wardwan
river, down which I travelled as far as Inshin, whence I crossed the range to
Nowbiig, and thus once again reached the valley of Késhmir.

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 Ké&shmir : “ The Jummoo and Kéfshmfr territories,” London, 1875; and also “ The Tribes of
the Hindoo Khoosh” by Major Biddulph; Calcutts, 1880.

2 The name is 80 spelt on the Atlas sheet ; it is, however, pronounced 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,! to which
T shall have occasion to refer subsequently. Slight notices have been also given
by Mr. Drew,? General Cunningham,’ the late Dr. Thomson,* the late Dr. Fal-
coner,’ and the late Mr. Vigne.8 Portions of the area examined lying near the
Kéishmir valley have already been noticed by Dr. Stoliczka’ and myself® 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 greater 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 metamorphics in other parts of Késhmir 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 paper®), 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 Baltistén.

II.—DEscrIrTION OF ROCKS MET WITH ON ROUTE.

Bandipur to Gurez—The rocks on the road between Bandipur and the Kishen-
gangh valley have been already noticed by myself in a previous paper, and'® have
been shown to be the equivalents of the silurian, and, perhaps, of still older
rocks. In the Kishengangd 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

1 Vol. XX, p. 883.

3 Loe. cit.

3 « Ladék,” London, 1854.

4 ¢ Western Himalaya and Tibet,” London, 1852.

8 «Palwontological Memoirs,” Vol. I, p. 877, et seq.

¢ «Travels in Kdshm{r, Laddk, Iskardo, etc,” London, 1842,
7 « Mem. Geol. Surv. of India,” Vol. V, p. 362, et seq.

¢ Supra, Vols. IX, p. 156 ; XI, p. 30; XII, p. 16; XIII, p. 26: I shall frequently rcfer to

these papers without citing the precise page referred to.

® Supra, Vol. XIII, p. 68.
10 Tbid., Vol. XII, p. £3.
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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 limestone! 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 Drds river, already described in my above-quoted papers; it is
underlaid by banded limestones like those of Sonamarg, and several parts of the
Kishmir valley. The rock has a low and constant torth-easterly dip, and in
many places is full of the large Megalodon (¢f.) gryphoides,® common in the
triassic rocks of parts of Laddk. 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
gilorian. The higher rocks being undoubtedly triassic,® 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 Lad4k, 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 carboniferons, 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.

Ezxtension of same—The trias of Gurez extends to the south-east into Tilel
(Tilail), as has been already noticed in a previous paper*; 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 Didgai (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 Ladédk,’ 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, loe. cit., Vol. I, p. 209, and
Drew, loc. cit., p. 395.

* Supra, Vol. XIII, p. 44. The cephalopod previously noticed by myself (Supra, Vol. XII,
p- 24) from these rocks as a Clymenia, came from the same beds as the Megalodon. 1, therefore,
think that in a ficld examination the specimen must have been wrongly determined and in
reality must have belonged to a large species of Ceratites.

3 The rhetic is here classed with the trias; the Megalodo. is characteristic of the upper trias,

¢ Supra, Vol. X11, p. 15, et seq. :

8 Ilid., Vol. X111, p. 44.
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lying the presumed carboniferous band are those classed as the silurian.! 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-
mits 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
shales 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 Dréds and Tilel,? 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 unfrequemtly very similar in character to the trappoids of
Dris. The conglomerates contain pebbles of granitic gneiss, and other meta-
morphic rocks, to which I shall have occasion to refer again in the sequel.?

Dorikiin 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 gradunally pass downwards into a schistose gmeiss. This lami-
nated gneiss, which must doubtless be altered out of the lower part of thesilurian
series, is finally underlaid by an unstratified white and finely crystalline gneiss,
sometimes hornblendic, and at others micaceous, and indistingnishable 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 rocks as a geolo-
gical geries, 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 devouian
epoch. Supra, Vol. X111, p. 98). The foregoing remarks will apply with equal propriety to the
non-recognition of the permian and rhmtic as distinct periods. Indeed, both devonian, permian,
and rhetic, are but transitional periods in Europe, and it is therefore not surprising that they
should not be so distinctly recognisable in other regions, where the transition of the life-forms may
have been more compressed.

2 Supra, Vol. XII, p. 15, et. seq.

* It is very remarkable that some of the silurian conglomerates here, as well as near Dris,
in the Wardwan, and on the Pir Panjél, contain pebbles of a limestone exceedingly like that of
the trias, but which must have been derived from some much older rocks, now totally removed.
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the Dorikiin pass, at which place it has been referred to by Mr. Drew® as true
granite ; it seems to be identical with the granitic gmeiss? of Drés, and some
portion of that of Ladaik.

Gnetss 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 Dorikiin pass, is doubtless
the ‘““central” gmeiss 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 gmeiss
belongs to one or the other period. The Dorikiin gneiss being clearly primitive,
and being indistinguishable from that of Drds and Ladik, confirms my
previously-expressed view as to at least a great portion of that gneiss being
primitive.’

Astor gneiss.—To return to the section. Gneissic rocks are continued across
the Dorikiin 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 Dirs the lowest exposed gneiss is a light-
coloured granitic rock, crowded with large twin-crystals of white or pinkish
orthoclase, and seems to be indentical with the porphyritic gneiss-granite of
T4nkse in Lad4k*: this gneiss is also, I think, certainly primitive. Below Dérs
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 neizhbourhood 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 smali garnets.” The whole of the lower part of the gneiss series,

1 Loc. cit. p. 396, at p. 813. Mr. Drew also speaks of the Ladik gneiss as granite: Mr.
Yigne (loc. cit., p. 213) speaks of the Dorikdn gneiss as granite.
* The German term “ gneiss-grunite” will sometimes be employed for these granite-like rocks.
3 Supra, Vol. XI11, p. 67.
¢ Ibid., Vol. XIII, p. 30,
Kuown :n Germany as “augen-gneiss”’ (‘ eyed-gneiss,’) from the form of the felspar cr ystals.
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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 genmerally 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 Garkich, 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 Popil, 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 Dorikin pass, forming the core of the ridge dividing the Astor
and Indus valleys.

Age of Astor gneiss.—This gneiss core being primitive, it would seem that
the whole of the gneiss overlying it must be altered silurian or older palsozoic.
With regard to the gneiss in the Astor valley, I have thought it possible that
gome 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 palwozoic. On the other hand,
the thickness on the Astor side is very great; while the silurian conglomerates
south of the Dorikin 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,
metamorphic 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 white granitic gneiss, which, from its
position and mineral character, would seem to be the same as the primitive gneiss
of the Dorikin pass, the overlying schists and limestones corresponding to the
schists of Popél.

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 band some 300 feet in thickness, and
contains some imperfectly crystalline beds: near Bésho 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 :—

SILURIAN, AND (?) CAM-

BRIAN 2. Schistose gneiss, mica-schists, partly metamorphosed elates, and,

in Indus valley, crystalline limestones.
PRIMITIVE ... «. 8. Light granitic gneiss, frequently porphyritic.

gl. Dark granitic gneiss.

The presence of limestone in the presumed silurian series is very noticeable.
The unconformity supposed to exist between the latter and the hypogene gmeiss
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.

Bdsho rocks.—DBetween Bisho and Katstira (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 Chdng-Chenmo valley,! and which are doubtless the unaltered represent-
atives of the higher gneiss series described above.

Ghneiss of Skdardu and Shdyok valley.—In the Indus and Shiyok valleys above
Skéardu, 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 Shéyok, there occur
on the left bank of the river slaty rocks like those to the south of Skirdu; which
are almost certainly silurians, overlaid by a thick mass of white granitic gneiss,
indistinguishable from that of the Dorikin pass. Up the Shiyok valley I have
traced the gnessic rocks as far as the north side of the Chorbat-L4, whence they
are continuous with those of Ladédk, and consist mainly of granitic gneiss, which,
as has been before said, is probably in great part primitive.

Intrusive rocks, §c.—On the lower Shiyok the gneiss is frequently hornblendic
like that of Laddk. In this rock there not uncommonly occur veins of serpentine,
and near Kiris bands of amethystine quartz with garnets. Between Skirdu 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 Shiyok, and of the Indus near Skirdu, 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 Kinis, on
the Shiyok; some of these intrusions occur in the form of thick, irregular

' Supra, Vol. XI1I, p. 83.
* 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 Hishi—From the village of Machilu I made a trip up the Hushi
valley northwards, to the foot of snowy peak numbered K1. 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 Dirs. Beds of the Rondu metamor-
phic limestone also occur among the schistose gneiss near Hishi. The northern
extension of the gneiss beyond peak K1 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 gmeiss at Machild,
at the mouth of the Hishi stream, together with some lacustrine deposits in the
valleys of the Indus and Shiyok, 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 gueiss 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 Lad4k, and, as will 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 Shéyok,
in the districts of Rondu, Skérdu, 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
upon by Mr. Drew,* Colonel Godwin-Austen,? General Cunningham,® and the late
Dr. Thomson.* At Rondu itself, these beds, comsisting of a hard, buff, and
banded clay, occur in small patches of no great thickness. At the village of
Kuirdu (Kuardo), opposite Skéirdu, they attain a height of more than a
.thousand feet above the present level of the river. In a few places near Skérdu
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 Loe. cit., p. 364,  Quarterly Journal Geological Society,” Vol. XXIX, p. 460.

2 « Quarterly Journal Geological Society,” Vol. XX, p. 884.

3 Loc. cit., p. 192.

4 1bid., 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
Skirdu 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?
can consider that any of these lacustrine strata at Skidrdu have been deposited in a
lake formed by a glacier damming the Indas at Katstira, 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 Shiyok),
where large masses of similar strata also occur. The lacustrine strata of the
upper Indus in Laddk 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 Laddk are probably of preglacial age.

Other lacustrine strata, and glaciation.—At Hushi, to the north of Machila
there occurs a mass of lacustrine strata more than 100 feet in thickness: other
masses also occur in the Brildu (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 Skérdun 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,” and of its tributaries, the Brdaldu 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
Baltistdn, 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. 878.

% Loc. cit.,,p 186.

3 It way be well to mention that there are two rivers called Shigar in the country of which
we have to treat,—one in Baltistdn, passing by the town of the ssme name, and another draining
the greater part of Deosai, and uniting with the Shingo river, to flow into the Drds river. The
name of the one flowing by the town of Shigar is not given on the accompanying map : the name
is applied from the point of union of the Bésha and Braldu rivers to the junction of the united:
rivers with the Indus.

B
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Previous notice,—These rocks of Shigar were first geologically examined by
Lieutenant-Colonel (then Captain) Godwin-Austen,’ who obtained from them,
a8 he has informed me by letter, in the ravine leading from Shigar to the north-
cast near Abas-limba, in a block fallen from the cliffs above, some bad speci-
mens of a species of Rhynchonella, and from the Skoru-L4, 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,
a8 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 mnorth-west above the
town.

Daltumbar Section.—The first section I have to bring to notice is taken down
the Daltumbar tributary ravine, running in & 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, blue and green, shaly slates, with occusional dolo- Ft.

mitic limestones vy 1,600
2. Blue and white mottled hmestonel .o 400
8. Bluck slates, with crystals of pyrite .. 500
4, Variously coloured shales, and partly lnetnmorplm. hmeston(u. vnth

fibrous gypsum ... 800
6. Flaggy gneiss, with blue und wlnte, pnrtly mellmorphoeed lnnestone,

in lenticular mass.s 800
6. Black shales 200
7. White and blue dolomitic hmestone aud dolouute w xth ferrugumus

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 cnrboniferous fossils
from the Himalaya were sent home to Mr. T, Davidson for determination, the labels had become
confused. In comsequence of this confusion fossils from the carboniferous of Késhmfr were said
to have come from Shigar, and are thus noticed in the Journsal of the Geological Society
(Vols. XX, p. 887, XXII, p. 89). This error is noted on the page of errata facing page 85 of the
lust quoted volume. The real Shigar foseils sent home by Colonel Austen are not 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 mno hesitation,
from their identity in mineralogical composition, and from their general appear-
ance, in correlating with the trias of the Ching-Chenmo valley, in Laddk.! 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
Ladik, in the absence of any paleontological ovidence, I provisionally class
the whole of these rocks with the trias.

Skoru-Ld Section.—I now proceed to notice a second section taken from some
distance south of the Skoru-L4 (between Shigar and Askoli) down the ravine
leading to the village of Khiti. In this section the rocks present a mnorth-
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.® 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 Skora
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 Khiti, the following section, in descending

order, viz. :—

Ft.
1. Granitic gneiss e e 160
2. Little altered blue limestones and brown undltones, greutly hudened
and contorted e . 500

8. Alternations of white metamorphnc hmestone with dark sc]nstose gneiss 1,000
4. Massive gneiss . . . ?

v Supra, Vol. XIII, p. 84.

31t may be noted that crinoidal limestones are extremely abundant in the rhetic (here
classed with the trias) of the more easterly Himalaya, as recorded by Mr. Griesbach (Supra, Vol XI1I,
Pp. 95-97).

3 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
Biddnlpl’s specimen, Shigar is referred to Laddk, instead of to Baltistdn.
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Connection of sections.—In passing from Htshapa, 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 (Neo. 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 mupon 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 paleontological 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
rheetic, 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
rhetic, 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
Ladék, 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 Ké4shmir
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 und 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 paleontological
evidence, the determination cannot be entirely free from doubt.!

Age of gneiss rocks.—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 gmeiss. 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 carboniferous,
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 rame 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 Késhmir, there must have been a break in deposition
in some part of the silurian, the upper rocks must have been denuded, and the
carboniferons thrown down upon the lower.

Alternative view.—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 be 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 Kisha,nganga valley), the trias consists
almost entirely of calcareous rocks, it appears totally impossible that any of the

' Further remarks on the relation of the trias and carboniferous will be found in the
concluding section of this paper.
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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 Baltistdn and Ladaik, as exemplified in theKishanganga
and Drés valleys on the south side, and at Shigar and Ching-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.—] now propose to continue our survey up the
Shigar and Brildu 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 Bdsha and
Brildu as far as a little south-east of Askoli, in a kind of horse-shoe form, as
will be seen from the map.* 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 Brildu river & 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
Kirophon 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 Kirophon 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.

3} 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 gnmeiss, which I have traced to the extremity of the Palma
glacier and into the neighbourhood of the Mustdg pass, appears to be the con-
stituent rock of the whole range of gigantic mountains bounding the drainage
area of the upper Brildu river, and doubtless extends across the [watershed into
Yarkand territory and to the north-west above Hiinza and Nagar.! 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 Hindes. 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.—Ir. 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 Mustig
range. Near the Palmé glacier the forrer 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 triassic
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 Chitran (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 gmeiss to the north. It is not
improbable that much more of the gneiss between this point and the bend of the
Bréldu 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 upper Bésha 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 Bréldu.—In the Brédldu valley to the north-west of the
village of Hote 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

' This range of trans-Indus mountains is usually termed the Mustdg range.
* Loec. cit., Vol. 11, p. 278.
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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 some
of the tertiaries of the Indus valley in Ladfk: 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 Brildu, 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 Brildu 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 Mustdg
range. From the dissimilarity of the gneiss on the eastern and western sides of
the Bréldu 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 Bréldu the upper silurians have been denuded, and the trias and
assogiated rocks deposited on the lower silurians, corresponding to the infra-
carboniferous of Shigar; in eastern Brildu, 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 Brildu the lower silurians were never deposited, but that the Mustig
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 Skigar 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 fanlt along the line of the lower part of the Shigar river.

Section from Skdrdu to Drds.—Having now passed in review the main facts
in connection with the trans-Indus rocks of Baltistdn, it is necessary to retrace
our steps to Skardn, and from thence take a survey of the cis-Indus rocks. Pro-
ceeding southwards from Skirdu up the Birgiravine, we come at first upon black
and green slates intermingled with the greenish trappoid rock of Drés, referred
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to 80 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 sonthward 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, doubtless,
some portion of the silurian series, and from their relations to ‘the guoeiss of
Deosai (Deotsid), 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 Skérdu 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 Birgi (Boorgi) L4, 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,! 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 Panjél range on the southern side of Késhmir, 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 Drés®: 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
Tashgém, described in the paper quoted above; the unaltered condition of
these Tashg&m rocks on the Shingo river proves the correctness of the view pre-’
viously expressed, that these rocks arein great part the altered equivalents of the
Drés rocks. The gneiss of the Shingo river is continuous with the granitic gneiss
to the north of Drés, which has already been described in previous papers, and
considered as the equivalent of the central gneiss of Dr. Stoliczka.

Rlelations of gneiss to overlying rocks.—On the Shingo river, and in the
neighbourhood of Drés the junction between the unaltered silurians and the sub-
jacent gmeiss is indistinct and gradual, the original unconformity whose existence
is proved by the gneiss pebbles in the silurian conglomerate, having become obli-

! In a previous paper (Supra, Vol. XIII, p. 28) it was stated, on the authority of General
Cunningham, that Deosai consisted entircly of this granitic gneiss, no mention being made by
that writer of the unaltered rocks. Mr. Vigne (loc. cit., Vol. I, p. 275), in the sketch map
accompanying his geological notes on Kdshmir, notices that the peaks around Deosai consist of
granite, which he clearly distinguishes from the schistose gneiss of Astor.

? The distribution of these rocks is only very approximately represented on the map saccom-
panying this paper.

3 For the rocks of Drés see above, Vol. XIII, p. 27,
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terated 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
anconformable to the silurians, but that the subsequent metamorphism of the
latter has, in many iustances, been so extensive as to render it impossible to dis-
tinguish with certainty between the two series. The observations of the past
geason also tend to confirm the views previously expressed by myself as to
the equivalency of the gneiss of Dr4s 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 Drds valley.— In previously-published
papers it has been considered that the whole of the slaty rocks in the Drés valley
were of palmozoic 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 geries of the Indms valley! ; 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 thatof the trias. Inthe Marpu (Marpo) ravine, to the northward of Drés,
there occurs a serpentine exactly like that found in such abundance at Pashkém
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,® 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 in close relation with the carboniferous,
and appear to be unconformable. Although I think I am right in referring some
of the Drés 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.

Qarboniferous and trias of Drds.—Previously to the past season’s work,
the triassic Tocks occurring to the south of Drés had not been traced to any

# jistance 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 Drds trias has hitherto been considered to bea
faulted one, as certain rocks considered to be the carboniferous, which are
found underlying the same trias in Tilel and to the south of Drés, are not found
in the Drés valley itself. At the same time it is somewhat difficult, on the hypo-

2 Some remarks on the age of the lower portion of this series will be found in the sequel.
s Supra, Vol. XIII, p. 85.

3 See paper above quoted.
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thesis of a faulted junction, to account for the manmer in which certain outliers
of the trias, near Dréds, have attained their present position, since they appear to
conformably overlie the paliozoics. Some sections in the neighbourhood of
the valley of Késhmir have, however, recently shown that when trap-like rocks
similar to those of the Drds 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 Dris valley. Consequently, in
those parts of the map where the frias 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 & line running nearly from
north to south at a distance of about two miles to the westward of the Sura
river. Along this line the massive limestones and dolomites of the trias are
conformably underlaid by & 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 Laddk, 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
Dris 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.—Near 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 thesequel. 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.

Semi-metamorphic rocks of Suru.—In the Surn district there occurs an enormous-
ly thick series of semi-metamorphic rocks, whose northern boundary was mapped
and noticed by Dr. Stoliczka! ; these rocks form the north-western termination of
the great mass of metamorphic and semi-metamorphic rocks composing the Zsns-
kir 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

* « Memoirs Geological Survey of India,” Vol. V, p. 841.



20 . Records of the Geological Survey of India. (voL. x1v.

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
Suru 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-Shé river® 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 (Lénwi-L4), we find an ascending series of the Sura rocks,
among which there occur & 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 & completely crystalline marble as at Shigar. This
section shows also that as in Brildu, 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-triassic rocks of Suru to those of Brélduw
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 metamorphism 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 Drds. 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 propably a

1 In a previously-published map, some of the limestones and dolomites on the upper part of
this river, and on the Kdshmir and Drds road, were erroncously referred to the carboniferous.
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fault somewhere on this side of the gneiss, as is inferred from the unsymmetrical
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 Drds, 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 distinotness from the infra-triassic schists of Suru,
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 Panjtirni and the Zoji-L4, 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 and 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 amygdaloidal rocks, showing very faint or no traces of
stratification, and which I consider in great part to be of eruptive origin.'
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 ,the species of Spirifer, Productus, and
Fenestella, characteristic of the carboniferous rocks of Késhmir, together with
crystals of pyrite: the brachiopods are more abundant in the calcareous rocks and

11 prefer 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 trup-
pean rocks.
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the polyzoans in the argillaceous.! These carboniferous rocks are underlaid by a
great thickness of slates, sandstones, quartzites, conglomerates, and trappeans,
corresponding to the rocks of the Pfir-Panjél 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
Zanskér range, in regard to the age of which I shall have some remarks to make
in the sequel.?

Boundaries of trias and carboniferous.—The foregoing section (fig. 1 of accom-
panying plate) is of considerable importance, in that it now enables us to fix defin-
itely the precise horizon of the carboniferous rocks among the great mass of cal-
careous and shaly strata lying to the north of the valley of Kdshmir, 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 ome of great uncertainty, both
here and in the valley of Kdshmir. 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,® given some
reasons for considering the amygdaloidal rocks of Kishmfr 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,' 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

! As already observed in an earlier paper (Suprs, Vol. XIII, p. 58), these fossils were first

brought to notice by Mr. Drew : the species observed were Spirifer moosakhaliensis, and Productus
semireticulatus.

3 I formerly thought that the lower Wardwan gneiss occurred among the slaty rocks above
Inshin, from the presence in the river bed of pebbles of the Bhot-Kol gneiss deseribed above.
3 Supra, Vol. XI, pp. 86 and 86.

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 Késhmfr 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 mnot
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 ernptive rocks, a view which is strengthened by their
mode of occurrence, as will be noticed in the sequel.

Sonamarg section.—In a previous paper! 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. Tt 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 lowesy
shales and limestones between Sonamarg and B4ltd]l 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 Kdshmir 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 Kdshmir has rendered it necessary to re-consider the relations and age
of the great series of calcareous rocks occurring in Késhmir itself. Hitherto in
Colonel Godwin-Austen’s® and Dr. Verchere's® notices and in my own published
maps, with the exception of a small patch of dolomites at Mdnasbal, the whole of
the limestone series in the valley of Késhmir 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
thronghout must be referred to the trias; and as parts of the Késhmir limestone
series are lithologically the same as the limestones and dolomites to the morth
of the valley,—it is evident that the trias must be largely represented in K4sh-
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.

1 Supra, Vol. XI, p. 48.

* Q.J. G. 8, L, Vol. XXII, p. 29.

3 J. A. 8. B, Vol. XXXV.

4 Supra, Vols. XI, p. 42; XIII, p. 56.
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stone series of the K#shmir valley has been undertaken, which has resulted in
the discovery of an undoubted triassic fossil in one locality, and has also shown
that the undoubtedly carboniferouns 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 &
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 Késhmfr valley, commencing with the—

Limestones of Bandiptir.—The limestone series of Bandipiir occupies a tri-
angular area on the left bank of the Bandipir 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 Gurez limestones. As these rocks dip towards the
slates and other silurian rocks lying to the northward, I presume that the junc-
tion must be a faunlted 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 and traps of Mdnasbal.—As already noticed in a previous paper,!
the banded limestones of Mdénasbal, 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 Bandipiir: and among them,
at Kandarbal, there occurs a mass of white dolomite, worked for cement. The
Ménasbal 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.

Myr. Vigne’s note on the Mdnasbal 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 Ménasbal (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.Nég (Shesha Nag) in the upper Lidar

' Supra, Vol. XI, p. 49.
* Loc. cit, Vol. L, 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 sbundantly in the Madnasbal limestones
for nummulites.! In the memoir already referred to, Dr. Verchere comes to the
same conclusion.

Vihi Limestones, etc.—The great mass of limestones and associated rocks
cccurring to the north of P4impfr, 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 morth-
west of the village of Khiinmu (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 the
same. Colonel Godwin-Austen observes, “ Above the village of Khoonmoo there
is a very interesting section, as a great thickness of the carboniferous serics 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.
1. Quartzite ves e . e e 12
2. Sandy, calcareous, and shaly beds, with a few shells ... 10
3. Hard limestone with Orthoceras ... e w10
CARBONIFBROUS...{ 4 imestone with Productus and Spirifer ... w15 feet.
6. Grey limestone e e e " 6
6. Bed with shells and 4thyris 2
Trias «s 7. Limestones ... v o 2,400 (P)

The species of fossils mentioned by Colonel Austen are Productus scabriculus
Spirifer kashmiriensis and S. vikiana, and Athyris subtilita ; 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,® I also found a
much battered, but still unmistakeable, specimen of the large species of triassic
Megalodon noticed above, which had evidently fallen down from some 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 these rocks

' In reference to a note given in my last published paper on Himalayan Geology (Supra,
Vol. X111, p. 48), regarding the asserted discovery by the late Dr. Thomson of nummulites in
Zénskdr, the above given explanation has suggested that possibly a similar one may be applied also
in that case. ,

2 Loc. cit, Vol. 1, page 276,

3 As noticed by Colouel Godwin-Austen the entrance of this iavine is marked by a large
Chunér tree (Platanus orientalis).
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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 Kaishmir 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),! 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 palwozoic) series,
the whole of the rocks are referred to that series, with which they form omne
continuous geological formation. The carboniferous rocks may be traced to the
northward into the Ara (Arrah) valley, where they bend round to take a south-
easterly direction below M#hddeo 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 side of the upper Tril (Traal) valley,
thence cutting across into the lower Pdmptr 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 Prongém, and also
to the south-east of Mandakpél. These carboniferous rocks generally consist of
black and brown carbonaceous and calcareous shales, cherts, and blue limestones,
in varying proportions. Near Mandakpél 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 zome, we find that the underlying silurians change considerably in
character, becoming gradually more trappean until, in the neighbourhood of
Wastarwan peak these rocks comsist 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 Avéntiptr,? we find an outlier of the
carboniferous shales and limestones, containing numerous forms of Productus
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,® fossils are found in juxta-position with the
traps. On splitting open the rock, it will sometimes be found that a fossiliferous

1 In other sections in the neighbourhood, as given by Colonel Austen, the thickness is greater,
ranging up to 800 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, 5o as 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 Minasbal, 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 Liidu (Loodoo), closelto Mandakp4l, beneath Wastarwan peak.

The section, as given by Colonel Godwin-Austen, is as follows, the bed No. 1
resting on the trap :—

1. Dark splintery slate and quartz-rock, with badly-defined lamination
2. Light olive-green splintery rock
3. Beautiful white or light grey quartz like ﬂmt .

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
Fenestella

e 80
6. Dark-blue shales, nunnonntaed by a g'reat mass of hgrd, eompact,
limestone, weathering to a red tint, and containing Goniatites. |4

aos

t-ug?

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 (Biroco 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 Bandiptr and Ménasbal, and its occurrence on this side of
the valley is important in confirming the idea which has been previously
expressed that the valley of Késhmir 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,® a short notice was
given of the occurrence of carboniferous rocks in the lower Lidar valley (at
the south-east end of Késhmir) at Palgim and Eishmakim, 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 constitnent rocks.
A diagramatic section of the rocks occurring between Palgdm and Islémab4d
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. 48.
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has taken place. The whole of the rocks in this section, with the exception
of the lacustrine deposits above Islamabdd, have a northerly dip, and they may be
shortly described as follows. At Palgdm we have thin-bedded triassic limestones
and dolomites, underlaid by a thin layer of carboniferous rocks with their char-
ncteristic 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.! These traps continue to some distance
below the village of Bhatkot, and contain occasional bands of quartzitic and
slaty rocks. Between Bhatkot and Srelgdm, 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 Eishmakim we meet with a
third band of carboniferous rocks, underlaid 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 are 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 Islimabidd. 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 allavinm and herbage present, I was unable to discover
fossils.

Ezplanation 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 intoa 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 mowhere 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 Késhmirfx‘it

\
3 In the paper last quoted, it is stated that the infra-carboniferous rocks were slaty; they

. are, however, as stated here.
2 These rocks, at this spot, have yielded severnl new fossils—among others a trilobite (Phsl:

lipsia)—which are noticed in the Appendix.
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wonld appear that during the silurian period very comsiderable 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.! 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 M4nasbal, 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
Palgdm 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
Eishmakém 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-Panjdél 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-Panjil range, on the opposite side of the valley of K&shmir,
have likewise been inverted and folded in a very similar manner, as it is highly
probable that the same lateral thrust which folded the Lidar valley rocks would
have acted in the same manner on those of the Pir-Panjél rocks.

Identity of the Eishmakdm rocks with the Kiol limestone of the outer hills.—The
limestones and associated green and purple slaty shales of Eishmakdm, 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 (Ooree®). 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 Kdshmir.—The limestones
and associated rocks at the sounth.easterly end of the valley of Kdshmir 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 Shihabidd, and from Sigim to a point south-east of the Marbal

! This explanation is merely a fuller forin of the one which is given on page 35 of Vol. XI
of thie publication.

2 Supra, Vol. 1X, p. 161.

? Vide Supra, Vol. 1X, 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 Sigdm and Shiha-
bid are anticlinal axes.

Limestones of north-western end of Kdshmir valley—During the past season I
have had no opportunity of revisiting the limestones of Trigama (Trigumma) at
the north-westerly end of the Kishmir valley, described in an earlier paper! as
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
K4shmir, etc.,® " the late Dr, Verchere described at some length the limestone
series of Kdshmir. 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.’ 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, Fenestella, 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, states that they contain the genera Spi-
riferina, Solenopsis, Curdinia or Anthracosia, Axinus, Aviculopecten, and Gonia-
tites; and it is probably from these beds that my Megulodon 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: Sole-
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 :  Awviculopecten is not known above the permian; Spiriferina, Awinus and
Goniatites range into the trias, or higher: and Megalodon is unknown before the
latter period. The Spiriferina Dr. Verchere® distinguishes at once from 8. octo-

v Supra, Vol. XI, p. 49.
* J. A. 8. B, Vol. XXXV, pt. II.

3 Loe. cit, p. 191.
4 2bid., p. 169.

8 The Aviculopecten is said to be the same ‘as A. dissimilis 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 Zfawan beds, and identifies provisionally with 8. strackeyi of Salter®
which occurs in the upper trias (Lilang) of Spiti.! It thus appears, assuming
the correctness of Dr. Verchere’s identifications, that the Wian beds contain a
fanna 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 comsiderable
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 Kdshmir 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 paleontological con-
nection of the whole series, and how a complete unison is indicated between the
paleeo—and mesozoics. According to Dr. Verchere, part of the Médnasbal limestone,
and the lower part of that in the neighbourhood of Isldmabéd, 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, Lozonema, and Nerinea. These beds
probably contain the representatives of the Péra 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-
forous of Késhmir contains similar fossils to the carboniferous (Kuling) of
Spiti, referred by Dr. Stoliczka to the npper part of that period, and it is there-
fore almost certain that the strata immediately succeeding these rocks must be
either permian or trias.

I11.—GENERAL REMARKS.

General Remarks.—In the present section of this paper, I propose to notice
certain points in the geology of the Kdshmir 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
Ké4shmir, the greater part of the territories of Késhmir 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 Badrawér, lying to the
south-east of Késhmir, 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

» M.G.S. I, Vol. V, p. 38.
* Loe. cit., p. 170.
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in Mr. F. Drew’s above-quoted work, it seems that the rocks of this district are
mainly sub-metamorphic and metamorphic, and doubtless represent the silurian and
possibly older rocks. Badrawir seems, therefore, to be a district where further
geological investigation would not be likely to add much to our store of knowledge.
Again, portions of the Pfr-Panjil range remain uncoloured, 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,' and a
note appended ? to the effect that a specimen of the genus Ilppurites was said
to have been observed at Khalchi (Kulsi Kalatys, Kalatse, or Kalatzi) by
Lieutenant-Colonel Godwin-Austen. At the time of writing that note 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
Khalchi, 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 the limestone of Khalchi, and that from the
same beds the writer also obtained a curved cephalopodous shell which he thinks
may be a species of Hamites. In the section of the Indus valley rocks given in
the above-quoted passage of my paper, the Khalchi 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 Khalchi 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
Khalchi limestone, and there consequently arises the question as to whether the
Indus valley beds are rightly referred to the eocene. It may be observed that
the cretaceous rocks of the Zinskir and Spiti basins, known as the Chikkim
limestone, consisting of buff limestones, are totally unlike any of the rocks of the
Khalchi section, and contain only typical cretaceous fossils, and that no traces
of the Indus valley beds are found overlying them. - It would, therefore, appear

! Supra, Vol. X!1I, p. 35.
3 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 Zinskir 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 ! 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 Chdng-Chenmo valley—On page 34 of my paper already
quoted, allusion is made to certain rocks in the Ching-Chenmo valley which
greatly resemble the Ladik 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 eome to the conclusion that some of the Driis rocks, which are so
intimately mixed up with the palsozoic, are probably tertiary ; and since some notes
communicated to me by Colonel Godwin-Austen on the Ching-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 Aunsten mentions that these rocks
are well seen under Kiepsang station, to the north of the Ching-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 palmozoic slates. On the above grounds some
patches of tertiary have been provisiomally 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 Zdnskdr and Laddk basin.—On page 51 of my last quoted paper,
there is & note given referring to certain fossils said to have been obtained near
Léicholung-L4 in Suru, but which I thought not improbably came from the
Léchi-Long-L4 in Rupsu. Colonel Godwin-Austen, the discoverer of the fossils
in question, has informed e 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 cam be little doubt but
that they are of lower jurassic age (lower Tagling limestone, = P lower lias) :
this is confirmed by the fossils having been obtained from a light gray limestone,
whereas the cretaceous (Chikkim) limestome is buff or white. It may, there-

1 Supra, Vol. XIII, p. 91.
2 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-Li. 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 Zinskir and Lad4k 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 form
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 scems at present very difficult to divide it into its
different palwontological factors.? This suggests that there may be jurassic rocks
among the Kishmir limestone series, but I am at present quite unable to say
whether this be so or not.

Conformity of trias and carboniferous in Kdshmir.—As will have been gathered
by the reader of the present and preceding papers of the same series, it is
apparent that in Kdshmir and the immediately neighbouring districts, the triassic
series is conformable to the underlying carboniferous,’ the rocks of the two
periods passing into one another by imperceptible degrees. This relation opens
up a very important question as to the 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 bave 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 gondwéna 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
trins 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, but 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. XLIX, Pt. 11, p. 23) used the term mio-pliocene for the siwaliks. The use of an analogous
term might at first sight be justified in the case of the mingling of eocene and cretaceous 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.

2 'T'he fossils collected by Colonel Austen from the carboniferous of Kashmir were determined
by Mr. Davidson (Quar. Journ. Geol. Soc., London, 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- 85, 36 of the same volume, ns from Shigar, were also obtained fromn the Kdshmir carboniferous.
‘The discovery of a trilobite in the Kashmir rocks strongly confirins their carboniferous age, as
the order died out before the close of that period.
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some observations which have lately been published in relation to the contem-
poraneous rocks of the more easterly Himalaya.

Trias and carboniferous of Hindes.—In the district of Hindes, 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,”! and has shown that it ranges from the rhetic
to the lower trias. Mr. Griesbach further states? 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 Kdshmir® and Hiindes trias.—In the absence of a characteristio
series of fossils in the trias of Kdshmir, it is difficult to institute an exact
comparison of horizons with the highly fossiliferous trias of Hindes. 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 rhetic correspond to the rocks
classed by myself as trias. Consequently the presmmption is, that when we
have a continuous section from the carboniferous to the rhatic, the whole of the
trias is present. Here, however, a difficulty presents itself, since, according to
Dr. Stoliczka,* 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 Ladék,® 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 Megalodon, 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 rheetic. 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 rheetic of Mr. Griesbach, it seems that the Megalodon 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 T 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 e¢ seq.

* Ibid., p. 86.

3 Here and in succeeding paragraphs I use the tern Kdshmfr in a wide sense, as including
the neighbouring districts belonging to the same kingdow.

¢ Mem. Geol. Surv. India, Vol. V, p. 24.

§ Supra, Vol. X111, p. 4.
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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 Késhmir rocks corresponding to this period. Mr. Griesbach! 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 Handes
is of universal occurrerce 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 K4shmir
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 Spiu, referred by Dr. Stoliczka to the carboniferous,’ 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 Hindes, 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 Hindes 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.®

This fossil apparently does not occur in that portion of the Hindes series
referred to the lower trias, but is of extremely common occurrence in the so-

v Loe. cit., pp. 86, 93, 103.

* Ibid., p. 104.

3 «“ Mem. Geol. Surv., India,” Vol. V, p. 24.

4 Some of the comments upon Dr. Stoliczka’s reason for the determination of the age of the
Kuling shales made by Mr. Gricsbach, appear somewhat peculiar. Dr. Stoliczka is said to have
arrived at his conclusions mainly from the abdsence of known triassic fossils, whereas it would appear
to most observers that bis conclusions were founded on the presence of known carboniferous fossils.

8 Koninck: “ Monographie du genre Productus,” p.88. Stoliczka: “Mem. Geol. Surv.
India,” Vol. V, pp. 185, 342, 350.
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called Zfawan beds of Késhmir. A comparison of two specimens, the one
collected by myself from the latter beds, and the other by Dr. Stoliczka from the
Kuling 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 homotaxial sequivalency 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 Késhmir 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 Wian beds of Késhmir, 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, ! occur both in the Kuling shales and in the Kdshmirrocks. 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
Zfawan beds of Késhmir. Consequently if the former are referred to the lower
trias, the latter must be also. Now, the Zfawan beds contain so many genera and
species exclusively characteristic of the carboniferous both of Europe and
Australia,® 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 Hindes 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 & 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 Kdskmir and Hindes—I am, however, by no
means sure that the ¢ white quartzite with red crinoid limestone” constitut-
ing the rocks classed by Mr. Griesbach in Hindes as carboniferous?® corresponds

1 Loe. cit., pp. 25-850. Spirifer rajais termed by Dr. Stoliczka 8. keilhavi, he considering
them synonymous names (. ¢, p. 145) : Mr. Davidson (8. ¢, p. 40) considers them as distinct.

s See Appendix.

s Loec. cit., p. 85.
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with the fossiliferous carboniferous of Késhmir. 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 Kiishmir, 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 Késhmir 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 Késhmir 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
Kiéshmir clearly corresponding mainly to the Kuling series of Spiti, the carboni-
ferous of Hiindes is not improbably the equivalent of the quartzitic Mith beds of
the former district ; in regard to which Dr. Stoliczka was doubtful whether they
should be referred to the lower carboniferous or to the upper silurian. Rocks
in Lahdl, lately referred by myself provisionally to the carboniferous,! also agree
80 closely in character with the carboniferous of Hiandes and with the Mith
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 Ladik,
described in my last paper on Himalayan geology, and provisionally referred to
the carboniferous, is correctly referred. The carboniferous of Laddk is, how-
ever, thicker than that of Késhmir, and it is therefore not improbable that it
includes lower beds, perhaps corresponding to the upper part of the silurians of
Késhmir, and to the Mith beds, and carboniferous of Hiindes. In Kdshmir
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
paleontological 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 palsozoics
of Spiti.

Intimate connection between mesozoic and  paleozoic in Kdshmir.—The con-
formity of the triassic and carboniferous rocks in the Kdshmir 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 palsozoic rocks, and it is greatly
to be regretted that the majority of the rocks are unfossiliferous, as if a perfect
paleontological 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 paleozoics to the mesozoics, a break

V Supra, Vol. XIII, p. 63.
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always occurring either between the trias and the permian, or between the latter
and the carboniferous.'

North-westerly extension of trias of Kishangangd valley.—The trias of the
Kishangangs valley has only been traced by myself a comparatively short distance
to the north-west of Girez. Mr. Vigne, however, in his sketch map illustrative
of the geology of Kdshmir,? 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 Kishangangd valley, with which it is
probably in direct connection. Mr. Vigne also mentions the occurrence of
limestones in the lower Kishangangi valley above Mozufferabad,® which may not
improbably be the same.

Section from Chamba to Pdngi.—A valuable addition to our knowledge of the
geology of Chamba and Péngi (on the Chindb)* 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 Késhmir, Kishtwér, and Péngi, the area between the gneiss
of the Dhalaodar range (south of Chamba) and the gneiss of the Chindb valley
in Pangi was left uncoloured, as no geological traverse of the intervening country
had been made. 1t 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
bat with numerous minor folds, which continue till they overlie the gneiss of
the Chindb valley described in my paper. 'l 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 Chinib at Tandi, which in a late paper®
I have provisionally referred partly to the carboniferous. The slates between the
limestones and the gneiss are doubtless the same as ‘the Pingi slates, and the
approximate representatives of the silurian. The occurreuce 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

! The intimate connection of the mesozoic and palaozoic of the Himalaya was poiuted out
in the presidential address to the Geological Society for 1866 (P. G. S., 1866, p. xlviii).

2 Loe. cit., Vol. I, p. 275.

3 I%id., p. 279.

4 Vide Supra, Vol. XI, p. 30 & seq ; ulso accomwpunying mup,

3 Supra, Vol. X1I, p. 63.
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dolomite series of Késhmir 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,’ as far as can
be judged from precise similarity of structure and composition, is inferred to be
the same as the limestone series of Késhmir, 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-Panjél 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.*

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 paleozoic slates, sandstones, and
Jimestones 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 paleozoic 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 subaérial erosion” there mentioned, are evidently such only in the sense
in which the Norwegian fjords might be so designated, for the whole sedimentary
geries is described as continuous in full force round and between the spurs of
gneiss throughout the whole region from the Beds eastwards to Naini-Tél
and in a compressed section westwards to the Pir-Panjil. 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 Eishmakém 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
ander consideration. The most important point determined is, that the so-called

' Supra, Vols. 1X, p. 168, XIII, p. 66.

2 It must be observed that Mr. Griesbach (loc. cif.,, p. 85) considers the Naini-T4l 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 this 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 comsequence of the changes he endeavours to introduce.
Before positively referring the Naini limestone to the cambrian, 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 the age of the latter are grievously wrong.

3 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.! On page 57 of my last published paper there
appears a summary of the views then entertained as to the relative ages of the
goeiss 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 Kailis range—the trans-Indus range of Ladédk-—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 Kailds 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 paleozoics (as proved by the occurrence of gmeiss 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 Baltistin and Ladaik, coloured red on the
maps issued with this and my earlier papers, that it certainly contains represen-
tatives of a metamorphosed paleozoic gneiss, and of an originally primitive and
unconformable gneiss ; and that it is further not improbable that the pal®ozoic
gneiss may belong to both cambrian and silurian periods, though we are not at
present in a position to prove this.

Qneiss of Zdnskdr range—~The work of the past season having conclusively
shown that the gneiss of Surn, forming the north-westerly termination of the
Zinskér 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 grest
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 Péngi, however, as I have said in my last paper,

? It should be observed that a very similar unconformity and overlap has been recorded, on
botb sides of the central gneiss, by Lieutenant-Colonel McMahon in the Bisshir and Spiti districts.
(Swpra, Vol. XIT, p. 65.)

F
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there is such a vast thickness of slates overlying the schistose conformable gneiss!
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 Pingi
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 Chinéb,? 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
wasg 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,® 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.

Grneiss of the Pir-Panjdl range.—Some portion of the gneiss of the Pfr-Panjdl
range, notably that in the neighbourhood of the Banih4l pass, is of a schistose
type, and is undoubtedly conformable to the overlying older palwozoic slates,
which are of enormous thickness. This gneiss is, in all probability, the same as
the palmozoic gneiss of Péngi, 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.Panjil range,* there occurs, however, a gneiss-granite, which is generally
& porphyritic rock, containing large twin crystals of orthoclase, exactly like the
gneiss-granite which in Baltistdn, Laddk, and Hiindes has been regarded as
primitive. The relations of this gneiss-granite to the overlying palwozoic
slates have not yet been satisfactorily determined, mor 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 palmozoic period, and the pebbles of gneiss found in the silurians of
the Pir-Panjil pass may have been derived from it. On this supposition
it would not necessarily follow that the schistose Banihil gneiss® should occur
above it.

1 Supra, Vol. XIII, p. 67.—1It is almost impossible to avoid a certain amount of repetition
in continuing a subject left incomplete in a previous paper.

2 See map facing page 64 of Vol. XI of the “ Records.”

3 Supra, Vol. XI, p. 50.

4 The range on the north of the Jhelam is usually termed the K4j-Nég; it is, however,
really a continuation of the Pir-Panjsl.

& If there be some ‘‘central” gmeiss in the Panjél, we are 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 BArTISTAN.

Introductory—Any notice of the geology of Baltistin 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,® 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. F. 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 Baltistdn—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 Bésha and Brildu 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 areais 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 Ladék. 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 Ladik; to the
greater snow fall which occurs?®; 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, “loc. ¢it.” Drew, “Jummoo and Kishmfr Territories.”
“Quar. Journ Geol. Soc.,” Vol. XIX, p. 460. Godwin-Austen, * Proc. Roy. Geog. Soc.,” January,
1864, p. 36.

* Quar. Journ. Geol. Soc., London, Vol. XXXV, p. 98. .

3 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 feet, while a few hundred fect above the valley it
averages from 12 to 15 feet in depth. '
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valleys and ravines.! 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 Laddk, The difference in the degree of humidity between upper
Baltistin and Ladék, 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 conntry (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 here and there in the
swampy river valleys ; and on the higher grounds, low-growing aromatic plants,
and some dry straggling grass. In upper Baltistin, on the other hand, the
higher valleys are elothed 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 Ladék 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
Baltistn descend, I have in most cases no very certain information to give,
since, 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
nesarest approximation I can give to the lower limits of the glaciers of Brildu is
as follows:~—On the survey map, the elevation of the junction of the Bréilda
and Bésha rivers is given as 8,227 feet; now, the termination of the Tépsa
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 Tépsa 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 Ardndu glacier, on
the Bésha 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 Baltistdn.?

Téipsa glacier.—The locality of this glacier has been already indicated ; its
termination is situated immediately above the village of Nangmoni Tépsa, where
there is a considerable extent of cultivated ground. Itis 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 Tépsa itself stands on an old glacial moraine. A
comparatively modern terminal moraine, forming a dome-shaped hill covered

1 Penk K? (28,265 feet) above the Baltaro glacier is the second highest mountain in the world.
Except, perhaps, a small glacier from Nanga Purbat, near the village of T4rshing.
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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 small gradations, pansing here
and there, until it finally attained its present shrunkem dimensions. At its
present termination the glacier decreases rapidly both in width and thickness, its
terminal moraine forming a geries of irregular steps. Old moraines can be
distinguished here and there down the Hoh valley, nearly as far as its junction
with the Brildu valley. Above Tépsa, large lateral moraines occur on the
borders of the glacier, extending to a height of several hundred feet above its
present level. On the summite 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 Tépsa glacier : the significance of this fact will be noticed in the sequel.

Palma valley—The Palma valley, another tributury of the Brildu 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 Ktrophon and Démordo, which is at least 2,000
feet above the level of the Brildu 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 Dtimordo, 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 glacter—From the occurrence of blocks of gmeiss-granite
on the Kirophon 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 Baltara glaciers—1 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 Bréldu 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 thickmess 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 Brdldu river, below 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
Tépsa glacier once extended down to the Brildu river, I proceed to show that
these united glaciers formerly reached the whole way down that river.

Glaciated spurs at Hoto.—On either side of the tributary ravine debouching
into the Brildu valley a little to the west of the village of Hoto, is & 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 the 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 Brildu
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 Brildu 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 conrse 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 50 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 inferiorly on what appears to be glacial moraine.
This deposit shows unmistakable signs of having oncc 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 Déimordo
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
ebsence 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 Bdsha 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. Inmany partsof 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.! 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 Brildu and Bésha valleys
for two-thirds of its length between its termination and Tigstan has its sky-line
most markedly roundea 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.

Bdsha-Brdldu glacier—The above facts clearly show that one immense glacier
formerly occapied the valley of the Bréldu river, and that it overtopped the spur
separating the Brildu and Bisha valleys, where it doubtless united with another
glacier occupying the Bésha valley. This old glacier I shall subsequently refer
to as the Basha-Bréldu glacier; it extended down to an elevation of a little over
8,000 feet.

Bdsha glaciers.—Of the glaciers of Bdsha I have nothing to say, as the Arindu
glacier has been carefully described by Mr. Drew,® and I have not examined the
Bésha valley for traces of old glaciers, except at its mouth. Mr. Vigne observes
that the natives consider the Ardndu glacier to be solely advancing.

Glaciation below Shigar.—Below the point where the Brildu and Bésha 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 Skirdu, 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 Bésha-Brildu glacier continued down the Shigar valley to the Indus.

Qlaciation at Skdrdu.—In the immediate neighbourhood of Skérdu 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 & 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

s « Jumnoo and Késhmfr territories,” p. 367.

aaw— ——
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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 other?
Although I cannot be sure that the Shigar glacier extended to Skérdu, 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 Katsira.—Mr. Drew® notices the occurrence of large masses of
moraine matter at Katstra, on the Indus, some 16 miles below Skirdu, and
concludes that this moraine was formed by a local glacier.

Relation of glaciers to lacustrine deposits of Skdrdu.—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 Baltistdn did not extend below
Skirdu 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
Skirdu wounld 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 Ladédk, 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—1 have now concluded what I had to say regarding
the traces of former glaciation in Baltistin. 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-
tdn and the plains of the Punjab. Immediately to the south of Skirdu 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 Baltistin. The explanation of this

1 Loe. cit., p. 364.
2 1t is, of course, just possible that such crumplings might have been effected by icebergs
detached from a glacier when Skdrdu was a lake ; and it has been suggested fo me that a landslip

might have caused them. As far as my own judgment goes, 1 am inclined to doubt the etficiency
of the last named agent in this case.

3 Loe. cit., p. 372.

4 The Shigar river here alluded to, in conjunction with the Shingo, drains Deosai, and is quite
distinct from the river of the same name referred to in preceding paragraphs.

G
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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 numerous streams, whose
united waters are carried off by the Shingo-Shigar into the Drés river.! This
openness of the Deosai valley, coupled with the fact that the surrounding moun-
tains, which are mot of the enormous height of those of Baltistin, 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 Baltistdn. Inspite, 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
action 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 Drds.—1 have already? expressed my opinion that much of the
debris in the Dris valley has been transported by glaciers ; the evidence is, how-
ever, not without an element of doubt, as the transported material all lies in the
present line of drainage.

Wardwan valley—At the head of the great valley of Méru-Wardwan,
draining the south side of the mountains of Suru into the Chinéb, 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.

Kdshmir—TIn Késhmir proper, as I have elsewhere observed,® 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 Kdshmir, 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 Késhmir 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 Drés river into
which it flows. This purity is entirely owing to the absence of gluaciers from the Shingo-Shigar
water-basin.

$ Supra, Vol. XII, p. 80.

3 Supra, Vol. XII, p. 29,
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Alleged glaciation sn the outer hills.—The evidence hitherto cited as to the former
existence of glaciers in certain localities is quite beyond the possibility 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 moraines. The glacial or non-glacial origin
of the Naini-T4l lake-basin has lately been a subject of discussion between Messrs.
Ball and Theobald,! and, as far as I am competent to judge, it does not appear
that the arguments either for one or the other view are conclusive. In none of
the instances of alleged glaciation in the outer hills has there been adduced any
decisivo 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 the
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 evidencs,
as far as it is preserved, tends to show that the great 'valleys 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 the
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
bave 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 : sach an amount of ice, if it extended in proportionate quantity from the

) Supra, Vol. X1, 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 argnments 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 glaciation, 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
noutonnées, rock-groovings, moraines, and perched blocks ; in Késhmir, 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 Baltistdn did not probably extend below a level of 7,000 feet asa
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 Katstira (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 Kdshmir. 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

o
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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. T 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 nmow 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 extemsion 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,

Cuuse of greater disappearance o7 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 Khdsi 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 BaALTISTAN.

General.—The districts of Brildu and Bésha 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 Brildu river one thermal spring occurs east of the
village of Chongo, while three springs are sitmated between that village and
Tosha. On the Bésha river a large spring occurs at Chétran,' and a smaller
one higher up, west of Bisil.

Size and nature—Of these six springs the one at Chitran 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 Bisil 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, Chitran, and Chongo springs deposit large quantities of
travertine at their outflow. The temperature of the Chitran spring is given by
Mr. Vigne ? as 109°F,, and that of the Bisil spring as 160°F.?

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
T 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 comsiderable deposit of the same substance.
1 had no means of ascertaining exactly the temperature of the water, but I should
estimate it as about 100° F. A considerable quantity of steam is given off from the
stream, as well as & very strong smell of hydric sulphide. In the hottest part of
the stream there occur masses of dark-green, solid-looking confervee, 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.

0ld 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 chd, or ¢si, water, and ¢ran, hot.
2 Loe. cit., Vol. 11, p 274,
3 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 Baltis a high reputation for
medicinal virtues.

Action of springs on rocks.—It ishardly 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 rocksexposed 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 Chitran 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
Baltistdn, 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 Chitran spring dlmlmshmg, 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 or Fossirs PRoM THE TRIAS AND CARBONIFEROUS OF THE VALLEY or KisHM{E.

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. Feistmantel : species common to the carboniferous
of Australia are marked (1), those to the carboniferous of Europe (1).

TRIAS.

Goniatites (?) sp. (Q. Austen.)!

Orthoceras sp.

Chemnitzia sp. (?)

Loxonema sp. (?)

Macrochilas sp. (?)

Naticopsis sp. (?)

Neringa, sp. (?)

Megalodon gryphoides (?). (Guinb.)
* Aviculopecten sp. (?).

LAMELLIBEANCHIATA ...{* Axinus sp.?

’ # Cardinia () or Anthracosia sp. (?)

¢ Solenopsis sp.

BRACHIOPODA ... ® Sririferina stracheyi (Salt) (?)

CEPHALOPODA

GASTEROPODA

. & & & @

3 It is possible that this determination may be incorrect, a8 it secms to have only been made in the ficld
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CRINOIDEA ... Crinoids, non. det. }
ANTHOZOA .. Corals, non. det. :
CARBONIFEROUS.
CEPHALOPODA ... Orthoceras sp.

Aviculopecten, sp.
LAMELLIBRANCHIATA ... {Aviculn, sp
Solenopsis, sp.
[ Athyris subtilita. (Hall.)t
» royssi. (L’Ev.)tt
Camarophoria, sp.
Chonetes ? austenia. (Dav.)
,, bardrensis, (Pbil). var. tibetensis. (Duv.)'t+ 3
» levis. (Dav.)
Discina kashmiriensis (Dav.)
Orthis sp. (Dav.)
Productus cora (D’Orb )t §
. costatus. (Sow.)t
» humbolti. (D’Orb.)
» levis. (Dav.)
» longispinus, (Sow.)t 1
» ~ scabriculus. (Mart.)t t ER o
» semireticulatus, (Mart.)t$ A $‘
» spinulosus P. (Sow.)f N
BRACRIOPODA R » striatus, (Fisch.)} °
Retzia, sp. :
Rhynclonella barusiensis.? (Dav.) . o
” kashmiriensis. (Dav.) N
» pleurodon, v. davreuxiana. (D. Kon.)t '\
Spirifer barusiensis. (Dav.) S

»  kashmiriensis. ( Dav.) B

»  moosakaliensis. (Dav.)}

» raja. (Salt.)

»  striatus.t £ (Mart)) l'\

»  vercheri. (Verneuil.) N\

»  vibiana. (Dav.)
Spiriferina octoplicata. (Sow.)+ 1 \
Streptorhynchus (Orthis) crenistria. (Phil.)t $ y
* Strophomena rhomboidalis. (Weblenberg) var analoga (Phil).+
L Terebratula austeniana. (Dav.)

( Fenestella lepida. (D. Kon.)
- »» sykesi. (D. Kon.)
Poryzoa .- 2' ' megastoma. (D. Kon.)

Protoretepora ampla. (Lonsdale.)t
* Vincularia multangularis. (Portlock.)$
TRILOBITA ... Phillipsia semenifera (?) (Phillips.)2}

1 This name should be changed to kaskmiriensis.

* Apparently misnamed lerumensis in Davidson’s description ; the name should be barusiensis, from the village
of Barus, in the Vihi district of Kdshmfr.

* Figured a8 dsuphus semaniferus in Phillips’ ¢ Geology of Yorkshire,” 1836, pl. XXII, fig. 10.
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Note en some Siwalik Carnivora.—By R. Lypekker, B.A., F.Z.S., Geological
Survey of India.

In a recent number of the * Quarterly Journal of the Geological Society of
London,”* & 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 Siwelik carnivora in the collection of the Indian Museum will
sppear on & future occasion in the ¢ Paleontologia 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 paleeontological.

In regard to the first of these heads, our author 2 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 (Ndhans), as set forth by Mr. W. T. Blanford in the ‘“Manual of
the Geology of India.”® 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. Asto 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 formsof the typical Siwaliks. This, coupled 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 paleeontological aspect
of the question, and in this case we mnay 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,

1 Vol. XXXVI, p. 119.
2 Loc. eit,, p. 120.
? p. 681.
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Mr. Blanford! 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. Boseé
mainly objects. He observes that such & 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 a8 to the miocene age of these beds, but
88 doing s0 in a volume which must certainly have been written, and probably
printed, before these views had ever been called in question?! 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 Pikermibeds, 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,® 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 Loc. cit., p. 681. 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 first called in questiun by Mr. W. T. Blanford
in “Nature” for September 6th, 1878: the volume quoted by Mr. Bose “ Les Enchainements
du Monde Animal, &c.,” in which M. Gaudry’s latest opinions are expressed, was published in the
samMe year.

3 #Manual,” p. 584.
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they are unknown in Europe before the upper pliocene.! One instance of the
presence of such essentially modern geners in a formation appears to me to far
putweigh the presence of a number of somewhat older genera, which may
perfectly well be survivals. As Mr. Blanford has pointed out,? 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 Fquus 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
a8 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 (Pliokippus).
.--ee. 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
#¢ 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 mio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>