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Abstract: The wide range of periglacial landform features occurring in various parts of
the Himalayan region have remarkable palaeoclimatic significance. Typical periglacial
features, both in relict and active forms, have been detected through extensive field
investigation in many parts of the Indian Himalaya above timber-line. The macro-features
like rock glaciers, block fields, block slopes and pro-talus ramparts, formed under
severe periglacial conditions in the past now remain preserved in relict form. The micro-
features like solifluction / gelifluction lobes and lobate sheets, ploughing blocks and
miniature patterned ground features are found to be still active under the prevailing
milder climatic condition. A systematic generic classification of typical periglacial
features as well as the pattern of ostensible features has been tabulated with explanations
of each type. To distinguish periglacial deposits from glacial deposits, it is suggested
that clast orientation pattern, packing of material and particle shape indices can be
used as important indicators.

Introduction

In the field of Quaternary geomorphology the
study of periglacial landform development has
gained momentum since the early part of the
20th century. In literal meaning, periglacial
is an adjective originally referring to places in
the peripheral areas of the glaciers. Walery
von L zinski, a Polish geologist (1909, 1912),
described frost weathering conditions
associated with the production of rock rubbles
in the Carpathian Mountains in Europe and,
subsequently, at the 11th Geological Congress
at Stockholm in 1910, he introduced the
concept of periglacial zone to describe the

climatic and geomorphic conditions of areas
peripheral to the Pleistocene ice-sheets and
glaciers. Since frost activity and the occurrence
of frozen ground phenomena are not restricted
only in the proximity to ice margins (as have
been explored afterwards with meticulous field
investigations), many geomorphologists have
subsequently widened the use of the term (e.g.,
Butzer, 1964; Dylik, l964a, l964b). On the other
hand, many have proposed replacement of this
term (Bryan, 1946, Linton, l969). Finally,
Washburn (l979) identified periglacial as ‘...
primarily terrestrial, non-glacial processes and
features of cold climates characterised by
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intense frost action regardless of age and
proximity to glaciers’. The term periglacial
is employed in this broad sense today.

Quaternary geomorphologists have
identified two distinct domains of periglacial
environment: Arctic and Sub-arctic zones—
ice-free polar desert and northern forests
where thick layer of permafrost or perennially
frozen ground occurs, and Alpine zones—
mountain regions of subtropical and temperate
areas above timber-line and close to snow, ice
and glaciers.

Geomorphological processes in the
periglacial environments

Ever since L zinski (1909) first defined the
periglacial zone it has been widely accepted
that frost action remains as the most important
process in periglacial environment. The
various groups of processes acting in the
Periglacial environment are as follows:

The development of permanently frozen

ground with ice segregations under intense
cold and thawing.

Frost weathering, including the
disintegration of such rock by frost
wedging.

The complex of frost activity operating
within the seasonally thawed layer that
includes the processes of frost heaving, soil
churning, soil creep, stone tilting, mass
displacement and particle size sorting.

Rapid mass-movement, either by
solifluction (gelifluction) aided by slope-
wash processes or gravity-controlled
rockfalls, slumps or failures.

Landforms produced under periglacial
processes

The wide range of periglacial features
produced in the periglacial environments is
classified in Fig. 1. (Chattopadhyay, l982, 1985,
1998, 2000, 2011):

Figure 1. Classification of periglacial features (Chattopadhyay, l982, 1985, 1998, 2000, 2011):
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Characteristic features of Alpine
periglacial environment in the Himalaya

The Himalayan periglacial environment is
essentially identified as alpine periglacial
zone. Till now the extent of available literature,
dealing with periglacial environment and
processes in the Himalaya, is not only limited
but also are, in most cases, incomplete and
confusing owing to the absence of methodical
observation, use of ambiguous terms and lack
of practical knowledge in this branch of
geomorphology. Firstly, in many cases glacial
drift deposits have mistakably been identified
as the product of periglacial processes.
Secondly, lumps of shattered debris actually
resulted under paraglacial processes (which
operates to shatter the deglaciated valley walls
following rapid retreat of glaciers) often posed
challenge to the geomorphologists to
differentiate them from the periglacially derived
ones particularly since they normally occur in
the similar cold environment. Thirdly, the
presence of shattered blocks in the periglacial
environment which have resulted partially
from activities of tensional and compressional
forces acting in the seismically sensitive rock
structure in this young fold mountain system
often create problems in identification as they
often look quite similar to those produced by
frost shattering under periglacial process.

Quaternary geomorphologists, working in
various parts of the high-altitude Himalayan
region, so far have not paid adequate attention
to the occurrences and characteristic landform
features produced entirely under periglacial
processes. However, in recent decades some
progress has been made in this field of study
in Sikkim and Himachal Himalaya by
Chattopadhyay (1985, 2011), Chattopadhyay
and Das (2011) and Chattopadhyay and
Chatterjee (2013a, b). A wide range of
periglacial landform features and their
characteristics have been examined and
reported by them. Geomorphologists like
Brozovic et al. (1997) reported the upper limit

of active periglacial processes in the
Karakoram area in the Kashmir Himalaya.
Information on periglacial environment,
processes and landforms in the Nepal
Himalaya is relatively adequate. Fort (1987)
studied solifluction and deflation processes
under periglacial conditions in dry continental
Himalaya in the Mustang district of Nepal.
Heimsath and McGlynn (2008) measured
headwall retreat rate under periglacial
weathering processes in the high altitude
regions of parts of the Nepal Himalaya.
Occurrences of some large-scale fossil
periglacial features like rock glaciers and
polygonal patterned ground features have
recently been reported from the Lahul-Spiti
area of the Himachal Himalaya by Milap
Chand Sharma of Jawaharlal Nehru
University, New Delhi (pers. com., 2013).

With the overall assessment of the
periglacial environmental condition in the
Himalaya, it can be stated that the large scale
periglacial landforms (rock glaciers, block
slopes etc) were formed and remained active
in the past when the climate was much harsher
and with climatic amelioration they have
become relict. The small scale features like
ploughing blocks, solifluction/gelifluction lobes
and lobate sheets, debris slope, small patterned
grounds etc. still remain active under the
existing milder periglacial climatic condition.

Significant periglacial landform features
detected in different parts of the Himalaya

In the Himalaya, outside the fresh morainic
drift limits of the existing glaciers, periglacial
features comprising frost-shattered debris and
blocks occur on extensive areas of the
mountain slopes. Through field observations,
a wide variety of periglacial features have been
identified in this region. The identified
periglacial features and their pattern of
occurrence in terms of composition, gradients
of slope etc. are described in Table 1.

The principal characteristic features of the
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periglacial landforms in this area can be
interpreted as follows:

The ostensible periglacial phenomena in
distinguished forms occur above the
timberline.

The past Pleistocene climate of this high
altitude area was sufficiently cold, with
greater temperature range to permit
extensive frost shattering. This is proved
by the occurrences of debris slopes, talus
slopes and block slopes with component
blocks covered with lichens, which are
considered as macro periglacial features.

The past periglacial climate in this region
gave rise to permafrost in the ground, upon
which massive features like rock glaciers
moved down slope which are now
preserved in relict form.

All major periglacial landforms occur
outside the morainic limits. This suggests
an extensive periglacial condition in the
past that produced massive periglacial
features in this region during the later part
of Pleistocene. The snowline descended to
lower levels nourishing glaciers of various
sizes through the valleys and over the slopes
of the valley walls. Large scale frost
shattering and frost wedging under this
harsh climate produced enormous amount
of detritus that subsequently moved down
slope, giving rise to the major slope features.

Present periglacial activity in the high
altitude regions of the Himalaya operates
mainly for rock fall from cliffs and the
associated talus slope formation, slow down
slope movement of surface materials of

Table 1. Distinguished periglacial features and their pattern of distribution in the Himalaya

Periglacial Characteristics Approx. Extent of Position Relict/
features and composition slope angle occurrence contemporary

Rock glaciers

Block fields

Pro-talus ramparts

Talus slopes

Block slopes

Debris slopes

Gelifluction/ Solifluction
lobes and lobate sheets

Ploughing blocks

Accumulation of blocks and debris at
the foot of slope with extension
downward, having an ostensible flow
structure

Accumulation of blocks on nearly
level mountain tops

An arcuate ridge with convex face
outward, at the foot of a cliff-wall

Accumulation of frost-shattered angular
blocks of various sizes at the base of
near-vertical cliffs.

Mountain slopes covered with
moderate to large size angular blocks

Mountain slopes covered with a near-
continuous veneer of frost- shattered
debris consisting of small to moderate
size blocks with some fines

Lobate features on slope consisting of
stones and fines

Boulders on grassy moist slope
showing a distinct line of furrow
behind as the mark of past movement

Local

Local

In several
areas

Extensive

Extensive

In patchy
areas

In patchy
areas

In patchy
areas

Outside glacial drift
limits

Outside glacial drift
limits

Outside glacial drift
limits

Both inside and
outside glacial drift
limits

Outside glacial drift
limits

Both inside and
outside glacial drift
limits

Outside glacial drift
limits

Outside glacial drift
limits

Relict

Relict

Relict

Both relict and
contemporary

Both relict
(stones covered
with lichens)
and active

Contemporary

Relict (stones
covered with
lichens)

Both relict and
contemporary

15° -30°

<10°

15° -30°

15° -40°

15° -30°

15° -30°

20° -30°

5° -15°
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Plate – 1 : Rock Glacier at Baralacha in Lahul-
Spiti, Himachal Himalaya

Plate – 2 : Block field near Beas Kund,
Himachal Himalaya

Plate – 3 : Active ploughing block on the
saturated slope, Himachal Himalaya

Plate – 4: Evidence of frost wedging near
Rohtang Pass, Himachal Himalaya

Plate – 5 : Solifluction lobes on the mountain
slope, Himachal Himalaya

Plate – 6 : Pro-talus rampart near Zongri
La, Sikkim Himalaya

Plate – 7 : Block field on the slope, Sikkim Himalaya Plate – 8 : Polygonal patterned ground near Beas Kund,
Himachal Himalaya (not received)

Plate – 9 : Morainic ridge reworked under periglacial process,
Himachal Himalaya

Plate – 10 : Extensive scree slope, Himachal Himalaya
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debris slopes, soliflucted / geliflucted lobate
sheets and ploughing blocks.

Methods suggested for distinguishing
periglacial deposits from those of glacial
in an extensively glaciated landscape of
the Himalaya

In extensively glaciated areas of the high
altitude Himalaya, problems can arise in
distinguishing periglacial deposits (soliflucted
/ geliflucted material) from glacial deposits.
Presence of erratic boulders and striations on
rocks are common denominators to identify a
drift as glacially deposited. However, these
features can often be incorporated in
solifluction / gelifluction deposits subsequent
to the disappearance of glacial activity. In such
case an intensive field study is required in
which major elements of consideration would
be (i) clast orientation, (ii) packing of material
and (iii) particle shape indices.

In the glacial deposits (e.g., morainic drift),
the clasts are generally oriented parallel to the
direction of ice movement; this contrasts with
the clasts in solifluction / gelifluction deposits,
being aligned up-and-down the slope as a result
of cryoturbation. Additionally, glacial deposits
are more compact in texture and show no
bedding, whereas solifluction / gelifluction
deposits are identified as rhythmically stratified
slope deposits. Perhaps the most important
distinction between these two types is related
in the particle shape indices. Under periglacial
conditions the particle shape characteristics of
frost-shattered detritus are dependent upon
relative frequency of horizontal and vertical
planes of weakness. Slabby clasts with low
c:a (thickness : length) axis ratios are
characteristic of soliflucted / geliflucted
material on many rock types where horizontal
planes of weakness are frequent. By contrast,
clasts of glacially deposited material are often
predominantly blocky with greater c:a axis
ratios.

Considering the above matters it can be

stated that exploration and identification of
Quaternary geomorphological, i.e., glacial,
paraglacial, periglacial and nival, features in
the high altitude Himalayan region above the
timber line is undoubtedly a challenging task
for the geomorphologists. It would be very
important for the geomorphologists working
over the ice-free areas to prepare Quaternary
geomorphological maps of selected areas of
investigation through systematic and
meticulous field investigation.
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