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INTRODUCTION.

The only accessible and legible records of the Pleistocene glacial epoch so
far studied in India are thosc met with in the Kashmir Himalayas. A wide
extent of the country above the latitude of 33°N. and lying between the
parallels of 73° and 78°E., espccially the parts above an altitude of 6,000 ft.
contain abundant proofs of ice-erosion and ice-borne debris covering hill-
slopes, valleys, cirques, glacial lakes and building terraces and mounds. At
lower levels than 5,000 ft. ice-action is likewise indicated by copious ocourrences
of reassorted moraines, fluvio-glacial drift, lake-deposits and crratics. Many
important details and even fundamental data, however, yet remain to be
investigated about the Ice-Age in Kashmir and the problem may be said to
have only just begun to receive the attention it deserves.

Although of late years a large volume of evidence has been obtained proving
the importance and extent of the post-Tertiary Ice-Age in Kashmir, precise
data of its commencement in terms of the Siwalik sequence, its main fluctua-
tions, or the date of its termination in reference to the Indo-Gangetic alluvial
deposits, yet remain to be obtained by long and patient field work. Although,
for many parts of Kashmir, the body of evidence is voluminous, no detailed
investigation has been possible so far by the Geological Survey of India because
of its preoccupation with the more vital stratigraphic and tectonic questions;
and their classification and the determination of the sequence of even the
major glacial and inter-glacial phases still remain for the future and will
supply to the local geologists and naturalists of Kashmir a fascinating occupa-
tion. One unique circumstance which has supplied Kashmir Ice-Age with a
recording chronometer of its principal episodes is the contemporaneous
existence of a great lake, the Karewa lake, which filled the present valley
basin of Kashmir, and which in the height of the Pleistocene glacial age must
have been no less than 3,000 sq. miles in area. The vicissitudes through
which this lake, a true tectonic synclinal basin, with only a single outlet, has
passed, the alternations of freezing and non-deposition during the glacial
phases and of basin-filling with active deposition during the inter-glacial
phases, these alternations going on simultaneously with the intermittent
uplift of the Western Himalayas, are registered in the alluvial strata of this
lake, designated as the Karewa Series.* The lake’s existence must have been

* From the Kashmiri word Karewa meaning ‘ mound .
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an intermittent one, attaining maximum extent during the warm inter-glacial
pauses, succeeded by periods of minima, draining and .refilling. Nearly half
the area of the present Kashmir valley basin is covered by deposits of the
Karewa Series which range in altitude to-day from the level of the Jhelum,
5,200 ft., to over 11,000 ft. on the slopes of the bordering mountains. Both
in respect of their horizontal extent and the length of Pleistocene stratigraphic
record they represent, the Karewas contain materials for a detailed systematic
study of the Ice-Age in the Western Himalayas. Evidence is certain to come
to light yielding results in Pleistocene orography, human palaeontology and
anthropology, besides purely glacial geology.

Broadly speaking, four main oscillations of climate have been detected
in the glacial cycle of Kashmir, by Dainelli (1913), De Terra (1938) and lately
by myself, but it would be premature to try to correlate the Kashmir glacial
and interglacial periods with the four main glaciations of the Alpine Ice-Age,
Gunz, Mindel, Riss and Wurm; nor have sufficient data been yet discovered to
allow us to attempt anything more than a broad classification of the glacial
formations of Kashmir. The glacial cycle of Kashmir proves to be a highly
complex one, displaying varying interrelations of great mountain-building
uplift movements, climatic and hydrographic changes, with at least three, or
four, advances and retreats of theice. The deposits formed under these various
conditions during the whole glacial period in the Kashmir Himalayas, and which
constitute our principal source of information of post-Pliocene geology, may
be classified under the following five heads. These are of unequal applicability
and reliability for different regions of the mountains, but each class of deposit
is of value in throwing light on some particular aspect of the problem:—

(1) Moraines of different glaciations at various levels.
(2) The Karewa mounds composed of lacustrine deposits.
(3) River-terraces, valley-fillings, ete.

(4) Boulder-conglomerate of the Upper Siwaliks at the exits of the
main rivers.

(b) Extinct silted up glacial basins, the margs and pathries.

1. THE MorRAINE Drrosits oF THE PIR PANJAL AND
NortEH KASHMIR RANGES.

These ranges are the two main branches of the Great Himalayan Range,
enclosing between them the valley of Kashmir, some 80 miles long by 25 miles
wide. The name North Kashmir Range is used for the disconnected and more
or less divergent assemblage of ranges, off-shoots and spurs from the north
branch of the Great Himalaya Range (the Zanskar range), which build collect-
ively the northern wall of the Kashmir valley. The moraines are widespread
and attain, in some of the old terminal and lateral moraine heaps, as much as
1,500 feet thickness. In their vertical distribution on the N.-E. slopes of

IB
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the Pir Panjal there are three or four different levels well marked out; besides
the moraines of the existing small hanging glaciers, which rarely occur below
14,000 feet, The older moraines are generally either buried under contem-
poraneous or later Karewa deposits, or are overgrown with forest or grass. A
detailed study of the moraines of various parts of Kashmir has been made by
De Terra (1939), who deduces therefrom interesting facts of glacial sequences
in the Liddar and Sind valleys, their pre-glacial topography and the mor-
phology of the Karewa lake. On the wide smooth glacis of the Pir Panjal
range, between Baramula and Banihal pass, we can distinguish four moraines:—

4, From 12,000 {£.-9,000 ft. ... .. Moraines of 4th glaciation, bare or
at places covered under grass or shrubs of juniper, ete.
3. Upto7,000ft...... Moraines of 3rd glaciation, covered under thick
pine forests.
2and 1. Up to 5,000 ft. and below ...... Moraines of the 2nd and 1st

glaciation mostly buried under the Karewas or river-terraces of
the Jhelum and the Chenab.

At Baramula and Ganderbal, at the mouth of the Sind valley, occur some
of the lowest level moraines in the Kashmir valley, shed at the termination
of the glaciers of the first Ice advance. Thousands of boulders with ice-
planed faces occur at the base of the Baramula Karewa, while at Ganderbal a
similar moraine is bedded in a gravel-terrace. The Baramula Karewa encloses,
in its middle portion, moraines of 2nd glaciation. These portions of the
Kashmir valley-floor appear to have undergone the least amount of vertical
uplift during the Pleistocene elevation of the Western Himalaya, which,
according to reliable estimates, has been of the order of at least 5,000 ft. for
the axial part of the Panjal range. The moraines of the third glaciation cover
a wide area with a gently sloping smooth surface resting on the top of the
Lower Karewas and are themselves covered under thick pine forests. The
Yus-Maidan moraines, extending from Tosh-Maidan to the Rambiara valley,
are examples. The debris of the last or fourth ice advance in the Pir Panjal
form, to-day, well-defined long ridges, spurs and heaps projecting over a mile
from the foot of the central range. They form a very rugged belt of mountains
between 9,000 and 12,000 ft. and are very disconcerting to the stratigraphic
geologist, for they have all but hidden an interesting synclinal band of
Gondwana, Permian and Triassic rocks synclinally folded in among the
monotonous Panjal traps which compose the back-bone of the range. This
belt is generally above the forest limit, but it supports grass and shrubby
vegetation, juniper bush and dwarf birch trees. For the greater part these
moraines are bare save for lichens.

On the South-West face of the Pir Panjal the distribution of moraines of
different ages is highly sporadic, nor are they preserved in any thickness on
this more abrupt scarp face of the range. Only a few protected ledges and
valley-bottom patches of the older glacial wash are preserved from the severe
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erosion to which this face of the range is subjected by heavy rains and monsoon
winds. Glacial deposits, however, are noticeable above 6,500 feet level,
lying on characteristic ice-planed mountain tops, or on hummocky valley
slopes, U-basins, cirques, etc. The irregularities of the moraine surface are
the cause of the numerous small lakes and tarns on this face of the range,
between 11,000 f6. and 13,000 ft. Few ranges of the Himalayas bear more
clearly the scars and marks of the last Ice-Age in its topography. Barely a
few vestiges of the pre-glacial relief are left in any parts of the Pir Panjal.
For most part the old mature relief is modified by the universally rounded
and scored profiles of the secondary ridges, spurs, water-sheds and stream-
courses.

2. KArREwA DrposIiTS.

Patches of this old lake and river alluvium commence from 11,500 ft.,
i.e. only about 3,000 ft. from the summit of the Pir Panjal and fitfully extend
down to 5,300 ft. Lithologically they consist of blue, grey and buff clays and
silt, partly compacted conglomerates and sandstones, pebble-beds and
embedded moraines. The Karewas are divisible into two stages of unequal
proportions—Lower and Upper—separated by an unconfirmity representing
an erosive interval, during which some 2,000 feet of the Lower Karewas was
denuded from the crests of anticlinal folds. The Lower Karewas are as much
as 5,500 ft. in thickness and must be pre-glacial in their lower part; their
top may be coeval with the first inter-glacial and may even contain debris
of the second glacial phase. The Upper Karewas would represent the remaining
stages of the glacial cycle. They commence with a basal boulder-bed of
considerable thickness—reassorted glacial moraines, which, according to De
Terra, belong to the second inter-glacial stage. Their thickness is not con-
siderable (1,500-2,000 ft.), but it is probable this stage has undergone a great
deal of surface erosion. Moraines of all ages are found interstratified with the
finer lake sediments of the Karewas at different levels. It is only the older
Karewas as a rule which are bodily associated with the remains of the first and
second glacial moraines while the newer moraines, on the whole, repose on the
denuded tops of both the Lower and Upper Karewas. The Karewa accumula-
tions on the Panjal flank of the valley have spread over a far wider area,
8 to 16 miles, and reach & much higher altitude than the same deposits resting
on the more rugged and abrupt Zanskar slopes on the north side of the valley.
They are also better preserved and exposed in numerous clear sections on the
long wide glacis of the Panjal range. The aggregate thickness of the Karewa
deposits cannot be less than 7,500 ft. as exposed in the Pir Panjal. It is
difficult, however, to estimate the exact thickness, as folding and unequal
erosion are common. While the Karewa out-liers on the valley-floor (Upper
Karewas) are horizontal, their counterparts on the lower and middle slopes of
the Pir Panjal are often tilted and involved in small, sharp folds. The Lower
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Karewas, lying at altitudes between 11,000 ft. and 8,000 ft., are thrown into
two long, parallel asymmetrical anticlines of small amplitude, trending N.W.-
S.E. of Nilnag and Narigund on the Shaliganga river, the fold-limbs showing
at a fow places dips of as much as 25° to 45°. In stratigraphic range it is
probable that the base of the Karewa formation is Pliocene, touching as low a
horizon as the Dhok Pathan (Middle Siwalik), while the top is upper Pleistocene,
being conformably overlain by the sub-recent Jhelum alluvium. What horizon
in the Karewas represents the commencement of the Ice-Age is not cerfain.
Indeed it is not yet definitely known whether the onset of the Ice-Age in
Kashmir was coeval with the beginning of the Pleistocene, or, as it seems
more probable, a later date. Many localities have yielded fossil plants both
from Lower and Upper Karewas, the fossils being mostly leaves of birch,
beech, walnut, willow, oak, rose, poplar, holly, pines, trapa, cinnamomum,
charophyta, pollen grains, various pines, several fish, some frog remains and
many gastropods. Fossils, bones and teeth of mammals including Elephas,
Cervus, Rhinoceros and a few artefacts of human workmanship have been
obtained from the Upper Karewas. The lowest Karewa beds have not yet
been systematically examined or collected from and hence the lower limit of the
formation has not been exactly fixed.

The relative proportion of fluviatile, lacustrine and glacial alluvium in
the Karewas must doubtless vary from place to place. Besides moraines and
boulder-clays there are layers of extremely fine plastic and colloidal clays, at
some places finely ‘varved’, with alternate winter and summer layers of sharply
contrasted colours, the laminae in some cases counting up to 100 in an inch.
The glacial sediments alternate with ordinary aqueous deposits of coarse and
fine sands, carbonaceous clays, beds of lignite, and pebbly layers and lenses.

Middlemiss has brought to light, at various levels in the Karewas of the
Baramula district, from the Shaliganga to Hundwara, several thin but exten-
sive seams of lignite within a few feet from the surface. The forest period to
which these lignite seams (from 2 ft. to as much as 6 ft. in some places)
bear witness, succeeded the last ice advance in Kashmir. Between Sochalpathri
and Botapathri, 10 miles S.W. of Baramula, there is a good section of Karewa

containing lignite seams passing downwards into varved clays within a few
feet.

Generalised Table showing the sequence of Karewa Formation.

Boulder-clays and sands with layers of fine silt.
Well-bedded clays and sands with lignite seams.
UPPER . . . e
KAREWA Interbedded moraines of third glaciation.
Purplish sandy shales and semi-compacted sands.
Basal boulder-beds and moraines. 2,000 feet.

Unconformity.. ..o« cn e e
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Buff and blue-grey fine sandstones and shales with

inter-bedded moraines of second glaciation.
Pebbly sandstones and carbonaceous shales.

LOWER Lignite layers.
Black and grey shales, sandy and pebbly beds.

KAREWA . .
Moraines of first glaciation.
Carbonaceous shales, medium-grained sandstones.
Pebble-beds, compacted conglomerates in alterna-

tions of sandstones. 5,500 feet.

Unconformity..

MESOZOIC TFolded Upper Trias limestones and Panjal trap.

3. RIVER-TERRACES, VALLEY-FILLINGS OF THE MAIN AND TRIBUTARY VALLEYS
OoF KASHMIR.

A gystem of well-marked terraces or benches of river-gravels, marking
at least five levels, separated by some hundreds of feet, is observed in the
main transverse Jhelum valley and in its Kunhar and Kishenganga affluents.
In the Chenab valley, the terraced glacial deposits are not so marked or so
copious. De Terra finds in these terraces the outwash accumulations of the
four main glaciations of the Kashmir mountains and he correlates the first
two glacial periods with the three Upper Siwalik stages and with the Lower
Karewas of the Jhelum basin, while the two later ice advances are, he considers,
contemporaneous with the four prominent river-terraces of the major Kashmir
rivers and with the Upper Karewas. De Terra’s rather precise affiliations of
the various river-terraces to the glacial stages may, on more detailed work,
prove to be hypothetical in several cases, but as a foundation for future observa-
tion it may prove a suggestive guide. There is no doubt the successive
moraines, Karewa and river-terraces of Kashmir are interrelated and are
likely to yield to the field glaciologist much valuable information. The
terraces of the Kunhar, between Kaghan in North Hazara and its confluence
with the Jhelum at Domel, are an entirely virgin field of investigation. They
are easily accessible and expose clear sections between Garhi Habibullah
and Balakot where the valley suddenly constricts into a gorge. Within the
middle mountains such valleys as the Lobab, Sind, Liddar, and Wardwan,
both in their glaciated topography and the heavy fillings with which their
channels are encumbered, offer good sites for detail work. Some of these
gravel-terraces are known to be ossiferous; this notably is the case with the
3,000 ft. deep gravels of the upper Sutlej in Hundes, just east of Kashmir,
and offer opportunity for comparing the Ice-Age mammals of the Western
Himalayas with their Upper and post-Siwalik contemporaries of Potwar and
Kangra.
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A common phenomenon in the Sind valley (a valley disproportionately
wide for the present relatively small stream it carries) is the ice-polishing and
grooving of the steep faces of the Cambrian slate-cliffs bordering the channel
between Kangan and Gagangair. Below the latter locality the valley-bottom,
formed of hard Panjal trap rock, is hummocky with glaciated pavements and
knolls. In the Lidar, roche moutonnees, glaciated pavements (at as low a level
as Pahlgam, 7,000 ft.), glaciated shoulders of mountains, U-basins, rock-
groovings and polishing, ete., have been recorded by Col. Grinlinton. Many
of the river-terraces hide typical roche moutonnees and glaciated rock surfaces
on bedded trap flows in the bottom and sides of the valleys. These, when
cut into the softer, slaty Palacozoic rocks, have been erased by subsequent
surface erosion, except where preserved under a mantle of alluvium.

4. BOULDER-CONGLOMERATE (UPPER SIWALIK) 0F POTWAR,
JAMMT AND KANGRA.

This conglomerate, composed of hard crystalline rocks, with boulders
up to 6 ft. diameter, locally attains a thickness of 5,000 ft., especially at the
sites of exit of the Jhelum, Tavi, Chenab, Ravi,etc., from the foot-hills. Their
outcrops thus are strikingly pocketty and lenticular. To regard these coarse
boulders (composed of rock materials which occur only in the inner ranges of the
Himalayas) as the reassorted fluvially transported moraines from the middle
and inner Himalayan ranges is an obvious and plausible inference. However,
water-action has been so intense and prolonged, subsequent to their original
glacial derivation, that there are but few signs of ice-action left in the great
majority of the boulders, and it would be rash to correlate the boulder-conglo-
merate to any particular phase of glacial advance or retreat. More probably
they represent an outwash from the moraine dumps of various ice advances,
brought by floating ice in river-torrents and dropped at their debouchers.
The geological horizon of the boulder-conglomerates is yet not certainly fixed,
but itis probably not newer than the Lower Pleistocene. De Terra’s correlation
of the boulder-conglomerate horizon with the second glaciation of Kashmir
may be regarded as more or less provisional. Though generally barren of
fossils, this conglomerate at a few localities is ossiferous and in conjunction
with the ossiferous gravels of rivers situated further upstream, may be expected
to supply important fossil evidence of the time of final retreat of glaciers from
the middle mountains. One significant structural feature separates the
boulder-conglomerate from the other glacial deposits of Kashmir; while the
latter show only moderate displacement, tilting or folding, the conglomerate
is found {e.g. in the Rawalpindi and Jhelum districts) in a vertical position for
miles, along the structural strike of the foot-hills, and subjected to severe
tectonic deformation.



D. N, WADIA : PLEISTOCENE ICE-AGE DEPOSITS OF KASHMIR. 57

Here we may refer to the isolated occurrences of erratic blocks and boulders
of rocks, evidently derived from the higher Himalayas, occurring in the
alluvium of the Potwar, generally known as the ‘Potwar boulders’. These
blocks sometimes have girths of 50 ft. There is no doubt that their ultimate
origin is glacial and allied to that of the deposit last mentioned, but the exact
nature of their transportation to so low a level, beyond the furthest limit of
other glacial deposits in any part of the Himalayas, has aroused controversy
inthe past. It is possible that a large river, like the Indus draining the Central
Himalaya Range with its enormous snow-fields, may have, during the end
phase of receding glaciation, carried rock-masses embedded in floating ice
during floods and dropped them where the icy torrents were arrested on entering
the plains tract.

5. FILLED-UP BASINS AND VANISHED LAKES: THE KASHMIR Margs.

This class of Ice-Age formations impart to Kashmir a highly characteristic
physical feature, one which forms the chief element of its scenic beauty. These
are the various margs, pathris, and khals, Kashmiri terms designating meadow-
like expanses of moraines forming level or undulating ground, covered under a
velvetty turf, or dotted with dwarf flowering shrubs in profusion. The best
known margs are Gulmarg, Tosh-Maidan, Liddarmarg, Dani Der, Dudpathri,
etc., on the Pir Panjal flank and Bod Bangas, Sonamarg, Minimarg
and Liddarwat in the northern mountains. A typical marg is a filled-up glacial
hollow or lake, gencrally on a ledge or shelf of the mountains enclosed by a
terminal moraine. The body of the hollow is filled up by the finer glacial
debris with sparscly scattered moraine blocks. Pathris and khals are smaller
instances of similar glacially formed plains amid old moraines, supporting
green summer pastures. They lie in depressions between long transverse
spurs of rough boulders and blocks (old lateral moraine dumps). They are
very numerous on the north-east slopes of the Pir Panjal but also occur in
smaller number and size on the spurs of the precipitous south-west face of the
range. They afford excellent pasturage to the herds of sheep and buffalo of
the itinerant Gujjars from the Punjab.

The existing glacial lakes of Kashmir are not numerous. Konsar Nag
and the group of Rupiri and Bhagsar lakes of the Pir Panjal and Ganga Bal,
Vishan Sar and Manas Bal on the North Range are the best examples. Sufficient
work has not been done to enable us to state which of these are true rock-
basins. Konsar Nag is definitely a tectonic basin, a dammed up synclinal
trough between two opposing dip-slopes barriered by old moraines and landslips.
One or two of the dozen or so of the small lakes of the Rupiri group are probably
glacially scoured hollows, but the majority are moraine-bound tarns, lying in
inequalities of the moraine spreads footing the summit range. Of the large
Kashmir lakes, Manas Bal and Ganga Bal probably owe their deep troughs to
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the scooping action of glaciers, though their margins to-day lie buried under
thick recent alluvium.

Cirques, or amphitheatre-like hollows, on the sides of precipices with a
level floor and fan-like stream courses are more strikingly observed on the
south-west or Poonch side of the Pir Panjal than on the Kashmir face.

On the abrupt precipitous south flank of the Pir Panjal, where the summit
range falls 7,000-8,000 feet in the course of 7 or 8 miles, glacial deposits are
scantier and show a different topographic disposition. But few ancient moraines
are preserved intact, though signs of recent ice action are everywhere visible in
the severely worn and smoothed summits of the numerous lateral and transverse
ridges and spurs of the central range, in the glaciated topography of the
valleys, the U-bottom configuration, the cirques, etc. But the most frequent
phenomenon for the geologist is the quantity of fluvio-glacial detritus that
becomes prominent above 6,000 ft. level in all the valleys of the area. The
higher reaches of the valleys are chocked with these deposits. In these pro-
tected situations the Ice-Age deposits have escaped the denudation that have
all but removed the other Pleistocene alluvia. They afford no data, however,
for arriving at a classification of the Tce-Age, the pulsations, advances, retreats
and pauses such as are to a considerable extent available in the Karewa and
moraine deposits of the Kashmir side of the range.

The accompanying sketch-section (Fig. 1) on page 53 shows in a general-
ised manner the structural and stratigraphic relations of the two Karewa
stages to the older rocks of the Panjal range belonging to the overlying
recent moraines and alluvium of the Jhelum. The line of section passes W.
by N. to E. by S. from a point intermediate between the Tatakuti peak
(15,524 ft.) and the Panjal pass.
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