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Quaternary basins of Ladakh and Lahaul-
Spiti in northwestern Himalaya

T. N. Bagati and V. C. Thakur

Wadia Institute of Himalayan Geology, Dehradun 248 001, Incha

.

The Quaternary basins of Ladakh and Lahaul-Spiti
regions are made up of sediments of lacustrine, fluvial
and glacial origin. Quaterpary tectonics has plaved a
dominant role in the formation of these basins, differential
uplift of the orogen having influenced the sedimentation
of these basins, vis-d-vis climate and vegetation. The
differential uplift during the past 35,000 years was
substantially responsible for the climatic oscillations
between cold-dry and hot-humid phases. These events
varied from place to place due to tectonically caused
elevational differences.

Introduction

Tre Ladakh and Lahaul-Spiti region in northwestern
Himalaya (Figure 1)} is located between the Great
Himalaya in the south and the high plateau of Central
Asia in the north. In the cold arid to semiarid c¢limatic
zone there are a number of Quaternary basins of
lacustrine, fluvial and glacial origin, The Quaternary
tectonics has played a dominant role in the formation
of these intermontane basins.

The nature of the Quaternary basins with special
reference to the Late Pleistocene-Holocene remnant
lacustrine deposits of Lamayuru {(Ladakh), saline
Tsokar lake (Ladakhj}, relict lake deposits between
Kenlung and Yupam Tso (Lahaul) and ancient
lacustrine deposits of Hanse-Kioto and Attargo-Lingti-
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Dankar (Spit1) are discussed (Figure 1). Some aspects of
lacustrine sediments of the region have recently been
described by Biirgisser et al, Fort et al?, Bhattacharyya®

and Bagati and Suresh?®.

Tectonic evolution

Following the continent-continent collision between
India and Asia, around 45-50m.y., the first major
phase of the uplift occurred around 20 m.y. This event
inutiated development of the Siwalik foreland basin in
front of the rising Himalaya. The second major uplift
took place around 4-5 m.y., giving rise to intramontane
basins of Kashmir and Peshawar®. The Boulder
Conglomerate of the Upper Siwalik, dated at 1.6 m.y.
and indicative of rapid uplift of the provenance,
demarcates the third major phase of uplift in the
Himalaya.

In the Trans-Himalaya region the first major phase
of uplift produced intramontane basins in the Indus
Suture Zone of Ladakh which got filled up with Tertiary
molasse. The younger Quaternary molasse are located
at Karoo, Liyan and Kyul. At Karoo the molasse
deposit resting over the southern margin of the Ladakh
batholith is principally derived from Ladakh plutonic
complex. The Liyan molasse contains clasts of volcanics
and ophiolite of the underlying Nidar Formation, At
Kyul, the molasse is totally derived from the Ladakh
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Figure 1.
Insets (A-D) refer to the basins discussed in the text.

bathohth, although it overlies the ophiolite sequence.
Similar molasse deposits of the intramontane basins
were developed in Kailas and southeastern Tibet.

The post-collision uplift of the Ladakh Range and
the Zanskar Range, coinciding with the major uplift of
the Himalaya around 20 m.y, produced intramontane
depressions of molasse sedimentation. Later (Pleistocene)
these were tilted 30-40° southwards at Karoo and Kyul.
It appears that younger Quaternary molasses of the
intramontane basins have been largely eroded away
along the Indus valley, leaving behind some isolated
terraces such as in the Wakachu belt.

The Quaternary tectonics has continuously affected
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Index map showing the general tectonic trends of northwestern Himalaya and location of the Quaternary basins.

the structural and sedimentational characteristics of
these basins, mainly due to reactivation of the faults in
the region. For example, movements along the
Karakoram Fault® (Figure 1) have at one time or the
other influenced the accretionary processes of the
Quaternary basins due to the accommodation of release
or post-orogenic stresses in the constitucnt tectonic
blocks. Likewise, the Holocene tectonics is responsible
for later evolutionary changes in the Quaternary basins
of the entire Ladakh and Lahaul-Spiti region. The Tso
Morari Fault, cutting across the Tso Moran fan, is
considercd to be still active’. So are the Tsohar, More
Plain, Chandra, Sarchu, Spiti and Lingti faules.
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Geomorphic features

The Ladakh and Lahaul-Spiti region shows Tibetan-
type plateau geomorphology. The Quaternary basins
are located (Figure 1) within the Karakoram, Ladakh
and Zanskar ranges. These basins were formed by
tectonic processes,

The remnant of the 200-m-thick lacustrine fill at
Lamayuru located at an altitude of 3200 m is the result
of formation of a massive debris dam across the
Lamayuru River (Figure 1 a}. The debris shde (Figure 2)
was caused probably by a tectonic activity?.

The Tsokar lake, 125 km southeast of Leh (Figure
1 b). 1s at an alutude of about 4572 m, lying between the
Zanskar and Ladakh ranges. The lake was formed
when the palaeo-Tsokar River got blocked as a resuit
of movements of a fault” or when a graben was
formed®.

The Kenlung lake is located at an altitude of about
4700 m covering approximately 1 km? (Figure 1¢). The
lake basin was formed as a result of movement on the
Chandra Fault, probably in the Holocerie and attendant
landslide that formed a dam across the Yunam River.

The lacustrnine deposits at Hanse-Kioto and Attargo-
Lingti-Dankar at the altitudes of, respectively, 3900m
and 3400m in the Spiti River (Figure 1d) represent

major landslides due to tectonic activity along the Spiti
Fault®.

Stratigraphy and sedimentation

Lamayuru lake

The sedimentation in Lamayuru lake basin commenced
around 33,000 years B. P. and continued uninterruptedly
until 1000 years B.P.2. Three stages of sedimentation
within 200-m-thick stratigraphic succession have been

Figure 2. Dissected lacustrine sediments of the Lamayuru lake.
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distinguished. Recent field work (by TNB) revealed a
2.46m thick succession of charcoal-bearing bed in the
lower part of the Lamayuru lake (Figure 3 4). The lake
deposit comprises (i) fine-to-medium grained grey
sandstone characterized by charcoal and mud pellets
along bedding planes, (1) alternating layers of sand-
stone and grey mudstone containing sporadic occurrence
of charcoal, (iit) silty mudstone with abundant charcoal
and leaf impressions (Figure 4), and (iv) light grey
mudstone-siltstone showing parallel laminations, with
charcoal pieces aligned parallel to the bedding in silt-
stone. The charcoal at various levels and leaf
impressions in a few horizons (Figure 4) mdicate as
many episodes of fire in the forests close to depositional
sites'® presumably during the mid-post glacial warm
periods''. This fact carries further implication that
during early stages of sedimentation the climate was
warm when forests grew luxuriously in the Lamayuru
region. This deduction 1s at variance with that of Fort
et al.2 who suggest semiarid conditions.

Tsokar lake

The sedimentation and stratigraphic record of this lake
basin is provided by Bhattacharyya3. Coarse sand and
gravel form the base (23-23.75m), or the sand and
gravel with intercalated clay layers occur between 6 and
12 m levels, with hmestone fragments occurring in the
clays above 6 m level. The aiternation of fluvial and
lacustrine sediments indicates periodic changes in the
provenance and also in hydrological regime in the basin
catchment. Biogenic activity between 19.75 and 21.85m
levels (Figure S) indicates warmer times. Fresh and
brackish-water conditions prevalled in the period
30,000-9000 years B.P.>.

Kenlung lake

Lying between Kenlung and Yunam Tso (not to be
confused with the present-day Yunam Tso lake!?) this
small lake consists of the sediments which vary in
thickness from 2 to 10m. The sediments are dominated

by silty mudstone and mudstone with subordinate
sandstone.

Hanse-Kioto lake

At the base there are chaotic tlocks of limestone (some
measuring few metres in size) floating’ in the muddy
matrix of conglomerate (Figure 6). The lake deposit
consists of stratified matrix-supported conglomerate
occurring at various levels and varying in thickness
from 3 to 5 m. Sand lenses showing planar and trough
cross stratification up to 20 cm thick are present at one

CURRENT SCIENCE, VOL. 64, NOS, 11 & 12, 10& 25 JUNE 1993
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Figure 3. Lithostratigraphy and facies distribution of remnant lacustrine fills of the (8) Lamayuru, (b) Hanse, (¢) Lingti and

(d) Attargo.

Figure 4. Charcoal and twig casts in the silty-mudstone fucies in the
basal part of the Lamayuru lake.
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level. The conglomerates are followed upwards by grey,
fine-to-medium-grained sandstone, varying in thickness
from 15 to SOcm. Higher up occurs interbedded
sandstone-mudstone sequence, its thickness varying
from 0.2 to 1.5 m, and characterized by trace fossils and
gastropods in the upper part. The uppermost mudstone
represents shallow-water lacustrine facies mantied by
paleosol.

Attargo-Lingti-Dankar lake

This lake was formed due to reactivation of Spir Fault
during the Holocene (?) and is younger than the Kioto
lake (Figure 3). The lake sediments® are about SO0 m
thickness at Lingti (Figure 7) exhibiting fluviolacustrine
facies in the lower part (0-7 m level).
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Figure 5. Lithostratigraphy, environment of deposition and chmatic changes recorded in the Tsokar lake, Ladakh {compiled

from Bhattacharyya, 1989).

Figure 6. The gorge near Kioto showing basal part of the landslide
materia) (dark) overalin by lake sediments (Iight). Vertical displace-
ment of the deposits is clearly seen.

Discussion

The uplift of the Himalaya in the Quaternary around
1.6 m.y. was responsible for the deposition of the Upper
Siwalik conglomerate in the south and the younger
molasse deposits in the north at Karoo, Liyan and

902

Figure 7. Lacustrine sedumnents exposed near Lingti showing maxi-
mutn thickness in the upstream direction.

Kyul. While the lake sediments at Lamayuru and
Tsokar in Ladakb, Kenlung in Lahaul and Kioto-
Hanse and Attargo-Lingti-Dankar in Spiti  were
deposited during the Late Pleistocene—Holocene.
Besides the closed-basin sedimentation, alluvial accretion
also occurred in the form of terraces in major river

CURRENT SCIENCE, VOL. 64, NOS. 11& 12, 10& 25 JUNE 1993
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valleys in the region. The Quaternary tectonism
manifest in differential movements created depositional
basins which were largely uncoeval. It is during this
time that the Himalaya registered maximum upheaval
of the order of 3—~4 km (ref. 13).

The Ladakh and Lahaul-Spiti region exhibits various
events of hot-humid and dry-cold climate in the last
35,000 years. The climatic changes were accompanied
with advance and retreat of forest and steppe-type
vegetal covers, as recorded by the Tsokar sediments
between 30,000 and 9000 years B.P. The plant
impressions and charcoal fragments in the basal part of
Lamayuru indicate warm temperate climate up to
around 30,000 years B.P., whereafter scmiarid climate
prevailed until about 1000 years B.P’. The presence of
rock varnish in Ladakh suggests hot and dry climate in
the Holocene (7).

The forest- and/or steppe-type vegetation with mild
climate must have been favourable for the migration of
humans up to the Indus valley in Ladakh. The charcoal
pieces from a fire place on the Indus terrace has been
dated 6710+ 130 years B.P'*. The Qinghai-Xizang
region in the Tibet plateau likewise shows periodic
occurrence of warm-moist and cold-dry climate during
the past 10,000 years!®. Lake cores of the brackish
water Qinghai lake have indicated warm-humid and
arid-cold periods during the last 13,000 years, the
climatic fluctuation being mainly the result of Qua-
ternary tectonic uplifts of the Tibetan plateau and
Himalayan mountains'®. It seems that in the Late
Quaternary (particularly in the last recorded 35,000
years), atmospheric circulation c¢hanged dramatically

due to strong but differential uplifts creating varying
topographic highs and lows and the environment
alternated sharply and frequently between cold-dry and
hot-humid, so that forest- and steppe-type vegetation
moved backward and forward.
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Quaternary deposits along the Indus Suture Zone
and evolution of Himalayan rivers

M. E. Brookfield

Land Resource Science, Guelph University, Guelph, Ontario N1G 2W1, Canada

Quaternary deposits, found only in isolated basins behind
the main great Himalayan crest-line and along the
courses of the main rivers, are preserved only in isolated
structural depressions scoured by valley glaciers because
of rapid Quaternary uplift and attendant erosion. The
Early Quaternary deposits rest unconformably on
basement and are preserved only in the Chilas and
Skardu areas of Baltistan, where they consist of a basal
till overlain by fining uwpwards valley fill sequences.
Palacomagnetic reversal correlation suggests an earliest
Pleistocene age. The Middle Pleistocene deposits scem to
be absent. The early Pleistocene (or pre-Quaternary) is
overfain at Leh and clsewhere, by a complex of tills and
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terraces associated with possibly the last three main
glacial phases of the Late Pleistocene, The Quaternary
events cannot ordinarily be disentangled from earlier
Plcistocene events. Correlation is very difficult due to the
isolation of most exposures and the lack of dateable
sections.

JIntroduction

THE Indus Suture Zone extends northwest from
southeastern Tibet to Ladakh (Figure 1), Apart from
studies of modern glaciers?, little has been done on the
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