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ABSTRACT

The variability of the climato-morphogenetic processes of the Himalaya
during the Quaternary was due-in addition to the global climatic variations
of the Earth-io the orogenic changes of the volume and shape of these
mountains. In this paper the main modellation features of weathering process-
es in the East Nepal Himalayas on the examples of the soil genesis and
glacigenous stratigraphy accumulations are summarized. The rates of the
original mountain vault destruction and transport of the disintegrated masses
depend on the intensity of the weathering processes of rocks controlled by the
climatic conditions, and are a function of the potential energy of the highest
mountain massifs.

INTRODUCTION

The extraordinary interest of natural historians in the youngest vault of th
Earth, stimulated by observations of unique geological and biological phenomena,

leads to ever more intensive recognition of the Himalayan nature and to correla-
tion of these phenomena with further Neoidic mountain ranges.

The variability of the climato-morphogenetic  processes of the Himalayas
during the Quaternary was due-in addition to the global climatic variations of the
Earth-as early as since the Miocene, to the orogenetic changes of the volume and
shape of these mountains. The activity of morphogenetic processes continued still
in the Holocene, being constantly supported by the permanent uplift of the
Himalayan mountain ranges which contributed to the extreme potential energy of
the relief. The geologically short time span separating the present time from the
Middle Miocene and especially Pleistocene phases of folding permits the problem
of the development of the Himalayan relief to be regarded as a rare opportunlty of
studying the surface phenomena of folding as the most r1evolutionary among the

known geological events.

The Neoidic orogenic processes in the zone at the contact of the Indian
and Asian shields were responsible for the origin of the present-day vault of the
Himalayas. The southern fcot of this vault lies for example in East Nepal only
150 ki from the highest Chomolongma Massif. In a ‘profile of a meridian direc-
tion the relative height difference is raore than 8500 m. The extreme parts of this
climato -vegetation profile showing sharplydelimited vertical succession of biostra-

tigraphically different zones are represented by associations of subtropical mcn-
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soon forests in a seasonally humid warm climate, and by the abiotic extremely cold
high-mountain semidesert.

The division of the rock groups of the Himalayas into the tectonic units
composing the relief is the result of nappe thrusts (Jaros & Kalvoda, 1978 a, b)
having occurred in two stages-the Miocene and the Quaternary, The dissected
character of the mountain reliefs increases according to their tectonic rejuvenation
or even tectonic nappe reconstruction of the whole mass of the mountain range.

Regular shifts of dry and cold continental air masses and humid and warm
oceanic ones represent the basic thythm of the seasonal variations of the Himala-
yan climate. The climatic secondary featares then also differ regionally in depen-
dence on the geographical position, the altitude and the arrangement of the high-
mountain relief. The position of the Great Himalaya of East Nepal is climatically
extrems. The huge barrier of six-to eight-thousand-metres rock massifs is only
several hundred kilometers from the bay of Bengal where the main waves of the
oceanic summer monsoonal streaming turn toward the Himalayas. The southern
slopes of the Great Himalaya of Nepal are characterized by a humid, and its nor-
thern slopes by a semi-arid cold, mountain climate with a strictly vertical thermal
and pressure stratification. Nevertheless, within the framework of the main climatic
zone, local differences in the succession of meteorological elements are considerable.
The specific conditions within the mountain range, particularly sudden change of
pressure and winds due to the orographic distribution of precipitation frequency,
and furthermore the intensity of solar radiation on the slopes, the high thermal
amplitudes and the seasonal oscillation of the position of the snow line are
important factors controlling the course of the relief-forming and biological
processes.

The soils of the Himalayan region are practically unknown from the genetic
classification and systematic points of view. The area under consideration is
extremely vast, so that a great number of diverse soil types, subtypes and varieties
are represented here, which are genetically dependent on the initial substrate, clima-
te, vegetation growths and other significant factors. We therefore have limited
ourselves to the investigation of at least the soil development in various climatic

zones of the profile across the East Nepal Himalayas, drawn roughly in a meridian
direction. '

The soil samples taken could have been subjected to most varied methods
of examination (e. g. mechanical or chemical analyses, investigation of clay
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vegetation, the fauna and _the types of extensive mountain agriculture. In the
vegetation profile, the zone of a monsoon sal forest (with Shorea robusta) is devel-
oped in the S; inthe N there are alpine meadows, the Tibetan steppe and the
higher-lying extensive zone of a"semiarid glaciated desert. The timberline in East
Nepal is determined by temperature and humidity. On the southern slopes of the
Great Himalaya at altitudes of 4100-4200 m the local timberline-in relation to the
Tibetan highland-also represents the continental forest boundary. Extensive agricul-
ture reaches altitudes of about 4400 m; rice is being cultivated up to 2600 m a.s. I.

In the Himalayas, a three-dimensional arrangement of the vertical zones of
climate and vegetation, soi! and forest ecological conditions, original types and the
general shape | of the landscape are characteristic. A furiher differéntiation is con-
trolled by the orographic division and by the influence of the dissection of the
reliefs corresponding to meso-climatic local climatic, terrain-and subregional con-
ditions. An instructive example of this dependence may be seen in the difference
between the deeply incised consequent and wider subsequent mountain valleys. The
canyon valleys mostly of meridian direction are typical by strong wind currents due
to the replacement of continental aerial substances by the mountainous ones from
the internal Himalayas; this enhances their aridity and maintenance of the xeroph-
ilous flora at the bottom on the valley. On shaded slopes, rather humid forests and
shrubs grow, while at higher levels solar radiation influences the oscillation of the
seasonal snow line. The accumulated dumps of avalanche material very strongly
shorten locally the vegetation period, which may lead even to inversion of the
vegetation zoning. The variations of plant associations depend on soil conditions
affected by weathering processes, ground water and soil-climate. But the vegetation
cover influences inversely the formation of soils and the nature and the depth of
weathering.

The main features of the vertical climatic zoning in the East Nepal Himala-
yas may bes summarized as follows: below 800 m-a zone with warm tropical
climate, between 800-1200 m-a warm subtropical climate, between 1200-2400 m-a
mild zone with accool climate, from 2400 to 3600 m-a zone with a moderately cold
climate, over 3600 m a subarctic, and over 4800 m an arctic zone. The timberline
on southern mountain slopes oscillates between 4100-4200 m, and the snowline
between . 5600-5800 m; N of the main crest of the Great Himalaya the snowline
ranges between 5900-6000 m. The difference befween the oceanic monsoon moun-
tain climate S of the Himalayas and the semiarid continental climatein the N is
pronounced particularly in comparing the regional distribution of the annual
amount of precipitations. The precipitation maxima of up to 3000 mm in Nepal
sharply contrast with those in Tibet where they do not exceed 600 mm.
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glaciet tongues sides, overtopping them Aby 80-120 m and in the foreland forming a
closure adjacent to the glacier front. The decrease of the ice masses of the sub-
Recent type up to their recent volume testifies rather to an increased aridity than
to a warmer climate. The moraine walls of the Khumbu type are markedly asymme-
trical, displaying on their outer side lichen-covered oscillation ridges, and on their
inner sides denuded detritus; the inner slopes dip at angles of up to 50° and the
material covering them is angular, practically non-weathered, often slipping and
collapsing. Along the Khumbu glacier tongue these sub-Recent moraines are com-
posed almost throughout of granite detritus; in the glaciers of the Imja valley dark
gneisses and migmatites predominate.

The Holocene moraines of the Changri type have been preserved W of the
Chomolongma between the glaciers Changri and Changri Nup, at the foot of the
eastern Lobuche crests and in the vicinity of the Nuptse and Lhotse Nup glaciers
in the Imja valley. The sub-Recent glacigenous accumulation of the Khumbu type
are separated from them by longitudinal depressions, partly filled with fluviogla-
cial sediments. The Changri type moraines arose by transgression taking place after
the marked retread of the Late Pleistocene glaciers. The moderately undulated and
flat moraine ridges of the Changri type rest 40-50 m above the Recent glacier
tongues, being almost continuously covered with mosses and lichens. On their
outer slopes which dip up to 30°, detritus is often detached or sliding.

The oldest glacigenous accumulations are represented by the huge lateral
moraines of the Late Pleistocene Dusa type in the lower parts of the Khumbu,
Imja, Barun and Ngochumba valleys. These deposits plunge beneath the Changri
and Khumbu moraines. The frontal moraines of the Dusa type rest 6-10 km in
front of the present day glacier snoufs, being cut by erouding melt water. The
lateral moraines of the Dusa type attain relative heights of up to 200 m; they
adjoint the valley slopes. Their inner surfaces dip up to 35°, being generally con-
solidated by grass, mosses and lichens. In the moraine detritus of the Dusa type
paragneisses and migmatites of the Great Himalayan crystalline masses prevail but
granites are also represented locally. Of the above-described glacigenous accumula-
tions, the material of the Late Pleistocene moraines is worn to the extreme, and
gravel lumps and blocks are coated by a weathering crust up to2 cm thick. The
volume emplacement and shapes of these accumulations sugge t that they are
remnants of the strongest Himalayan glaciation. '

The Holocene to Recent fluvioglacial sediments occur below the lower
boundary of the semi-arid modellation "zone. For 2-3 km above this line, only









Fig. 2 Structural - denudational slopes of the Arun river

t ds valley b the Num village and Tibetan-Nepalese
Vborder. In this tectonic half window the masses of the Lower
Himalayan Tinjore nappe are denuded under Great Himalayan
crystalline rocks of the Barun nappe. (photo: J. Kalvoda).

Fig. 3 The periglacial modellation zone with the phenomena
of cryogennous and regelation disintegration processes of

rocks in the SoloKhumbu region.

(photo: J. Kalvoda)



Fig. 4 The Khumbu glacier foreland with the Late Pleistocene
moraines of the Dusta type between 4200-4400 m a.s.l. (photo:
J. Kalvoda)

Fig. 5 The system of the glacigenous and fluvioglacial
sediments in the foreland of the Barun glacier. (photo:
J. Kalvoda)
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Fig. 6 The south-western frontal part of the Chomolongma
Massif (8848 m in the right) relief nappe. In the foreland
confluences of the ice st and holog moraines of
the Barun glacier are seen. (photo: J. Kalvoda)

Fig. 7 Strongly tectonically dissected Alpine relief of the
crystalline Great Himalayan range south of the Mahalangur
Himal. In the background towers the Makalu Massif (8475 m)
(photo: J. Kalvoda)
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cesses. The Quaternary continental dry climate of the Tibetan Himalaya was not
favourable to a major development of mountain glaciers; its secular uplift only
maintained the mountain ranges within a cold climatic zone for a fairly long time.

The recent relief of the Mahalangur Himal is markedly polygenetic. The
main modellation features of its development in the Quaternary are in addition to
orogenic impulses, the extensive destruction of the palaeoreliefs under the con-
ditions of secular altitude oscillation of the sharply vertically dissected climato-
morphogenetic zones. The highest relief levels undergo glacigenic and cryogenic
destruction of all types, whose outset falls within the Middle Pleistocene. The
alpine-modelled peaks of the Great Himalaya form part of the Pleistocene and
later shapes of the mountain vault which has not yet been strongly disturbed by
gradation processes. Rendering more precise the dating of the mountain glaciation
Stages ara specific glaciological and geomorphological tasks connected with the
investigation of recent modellation processes and climatic conditions. In addition
to the revision of the data on the absence older than the Middle Pleistocene
glacigenous accumulations at the Chomolongma and Makalu foothills, it is nec-
essany to perform a stratigraphic correlation of the accumulation formsin East
Nepal. The rates of the original mountain vault destruction and transport of the
disintegrated masses depend on the intensity of the weathering of rocks controlled
by the climatic conditions, and are a function of the extreme potential energy of
the highest mountain massifs.
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