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In places bosses or dykes of harder granite, gneiss or quartzite give
a more rugged relief, low but very steep and fantastically cragged
tors and serrated ridges; in Mysore and on its border with
Maharashtra, the Dharwar quartzites, preserved in narrow

synclines, crop out in belts of steepsided little hills. But in
comparison with the vast monotonous plains, these more

accidented areas are but small.

The Peninsular rivers find their way from these broad uplands
to the sea by relatively narrow corridors; the correspondence of
the gap shared by the Brahmani and Mahanadi, and that of the
lower Godavari, with belts of Gondwana rocks has been taken to
suggest a tectonic trough origin; the Krishna and the Penner
appear to be superimposed across the Cuddapah Ranges. The
passage is generally marked by rapids. It is noteworthy that none
of these rivers is directly followed by an important route to gain
access to the plateau; thus the main Madras—Bombay railway
crosses the Cuddapah Ranges diagonally, by a strike corridor
between the Velikondas and the Palkondas, reaching the Penner
above the point where it begins to break through the ranges.
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FIG 1.4 ALPS AND HIMALAYAS. Vertical exaggeration about 20 times. K2,
28,250 ft.; Kk, Karakoram Pass, 18,550; NP, Nanga Parbat, 26,600; ND, Nanda
Devi, 25,645; D, Dhaulagiri, 26,795; Everest, 29,14]; K, Kangchenjunga, 28,146;
NB, Namcha Barwa, 25,445. Cf. Mt Blanc, 15,780 ft.; Matterhorn, 15,217; St
Gotthard Pass, 6,930; Brenner Pass, 4.,495.

II. The Himalayan Orogeny (Figs. 1.4—1.6)




Introductory

The vast scale of the ramparts which form the continental borders

of India may be appreciated from Fig. 1.4, from which it will be

seen that the main Himalaya alone, which stretches over 22° of
longitude (some 1,500 miles, 2,415 km.) between the Indus and the
Brahmaputra, could be wrapped round the Alps. Of the 94 Asian
peaks which exceed 24,000 ft. (7,315 m.), all but two are in the
Himalaya and the Karakoram; and no other continent has peaks of
this height.

The wunravelling of Himalayan structure is very far from
complete, but already great nappes, perhaps less complicated than

those of the Alps but much thicker and deeper-rooted, have been
traced. Much of the area is still very imperfectly known
geologically, and many phases of the history are still very
controversial. There has of course been intense metamorphism and
in many cases no reliable dating of the rocks is as yet possible: 'a
large number of apparently independent rock groups has been
established, each under a purely local name, thus giving rise to a
confusing variety of sub-divisions, no two of which can be
definitely correlated." In some parts uplift has been considerable
since the mid-Pleistocene, in others are great stretches of subdued
topography at high altitudes, the relics of old planation; elsewhere

the deepest gorges on earth alternate with the terraces of old lakes
and the undulating hills of intermont basins. It is impossible in the

space available to give a really comprehensive account of the
geological and geomorphological complexities; but this may be the
less serious in that the spectacular attractions of the Himalaya
continue to draw expeditions and a consequent rich
documentation.

During Mesozoic times the Himalayan area was occupied by the
great geosynclinal Tethys Sea; there is a marked contrast in facies
between the sediments of the Tibetan plateaus, laid down in this
sea, and the rocks of the Himalayan area proper, which include
both ancient and relatively recent crystalline intrusives and
sedimentaries allied to those of the Peninsula. The orogenic



activity which transformed the Tethys geosyncline appears to have
taken place in three main phases:

(i) the elevation of the central axis of ancient crystallines and
sedimentaries in Oligocene times; during this phase the important

Nummulitic limestones were deposited in a series of basins, especially in
Ladakh:

(ii) a Miocene movement, which folded the Murree sediments of the
Potwar basin;

(iii) a post-Pliocene phase, which affected the Mio-Pliocene Siwalik
sediments and which, apparently, has not yet entirelv ceased.

[nitial disturbances probably preceded the first of these, and the
Karakoram, which has no marine Tertiary, may have been uplifted
in the Cretaceous. There is naturally a great variety of structures
and of tectonic relationships.

Geographically the Himalayas have been divided into five
longitudinal zones:

(i) the outer zone of the Siwalik Hills and the Duns or longitudinal
valleys behind them;

(ii) the Lesser Himalaya, including a great number of minor ranges at
6,000-10,000 ft. (1,830-3,050 m.):

(iii) the zone of spurs from the main ranges, presenting the general
aspect of a very deeply dissected planation surface at about 15,000 ft.
(4,570 m.);

(iv) the Great Himalaya itself, with many peaks over 20,000 ft. (6,095 m.);

(v) the Indus-Tsangpo furrow at about 12,000-14,000 ft. (3,660-4,270 m.);
this is succeeded by the old worn-down mountains of the edge of the
Tibetan Plateau, up to 19,000 ft. (5,790 m.) high.

To the north again are the Karakoram-Muztagh Ranges, which
connect the Himalaya via the great Pamir knot with the Kun Lun
and other ranges to the north of the Tibetan median mass.

The geological and tectonic zoning does not quite correspond to



this purely topographical division. There are of course great local
variations, but in general the old Gondwana foreland (masked by
the Tertiary Murree and Siwalik sediments) is succeeded by an
autochthonous zone —'recumbent folds of the Eocene with cores of
Carboniferous—Trias rocks'; this again by a nappe zone which
includes the pre-Cambrian slates of Hazara and the Kashmir basin;
then the axial crystallines, 'a geanticline within a geosyncline',
consisting of very ancient gneisses with many later gneiss and
granite intrusions; and finally by fossiliferous Tethys or Tibetan
sediments ranging from Cambrian to Tertiary in age. The axial
crystallines, roughly along the Tsangpo furrow, really mark the
tectonic boundary between India and High Asia; as King puts it,

'the fold-girdles of Gondwana and Laurasia here lie "back to back"
' 13

The Himalayas: layout

The tfollowing account of the main components of the mountain
system is intended not as a detailed regional description but
simply as a framework for reference.

From the great Pamir complex the ranges splay out east and
west in two vast virgations: the Tien Shan-Kun Lun-Karakoram
and the Alai-Hindu Kush respectively. The Alai and Hindu Kush
are succeeded on the south by the lower ranges of Afghanistan and

Baluchistan, which in turn are looped around the Sibi re-entrant.
North of this the Sulaiman presents a steep face to the Indus

Plains, while to the south the hills fan out again, the Kalat country
between the north-south Kirthar Range (on the Sind-Baluchistan
border) and the east-west Chagai hills (in northwest Baluchistan)

being a mass of echelonned ridges sinking to the Seistan
depression and swinging round east-west, parallel to the coast, in
Makran: 'each arc is in reality a series of concentric arcs connected
at their extremities, leaving between them arid depressions." These

mountains are of simple anticlinal structure and developed for the
most part in relatively soft Cretaceous and Tertiaiy sandstones,



with a flysch facies in the north. The parallelism between the Sibi
re-entrant and the greater re-entrant north of the Punjab is
striking (Fig. L.I); it is no accident that just as the northwestern
syntaxial area culminates in the giant peaks of the Karakoram and
Nanga Parbat, the highest points between the Safed Koh (34°N)
and the sea are in the angle around Quetta. It seems likely that, as

in the northwestern syntaxis, a concealed projection of the
Gondwana block is responsible.

The structure of this northwestern syntaxis has been elegantly
educed by Wadia: put briefly, the Tertiary folding has wrapped
itself round a projection of Gondwanaland, indicated for example
by the outcrop of old rock in the Kirana Hills (Fig. I.5). Fronting
the Punjab plains is the great (and much overthrust) monoclinal

scarp of the Salt Range; behind this, between Indus and Jhelum, is
the Potwar Plateau or basin, formed on folded Murree and Siwalik
beds which are largely masked by a loess-like silt.

From Bunji to Hazara the Indus flows in a great gorge at about
3,000-4,500 ft. (915-1,370 m.) with sides up to 15,000 ft. (Fig. 14.0):
west of it are the wild ranges of Chitral and Kohistan. Northeast
from the great bend at Bunji the country rises to the Karakoram,
which in K2 (28,250 ft., 8,610 m.) has the second highest peak in
the world; altogether there are 33 peaks over 24,000 ft. (7,315 m.) in
an area comparable to that of the Swiss Alps (cf. Fig. 14.5). The
ranges here are certainly older than those to the south, initially

perhaps even Hercynian, but they have been much affected by
rejuvenation and faulting. The Karakoram and Muztagh merge
eastwards into the Kailas Range, which is simply the high edge of
the Tibetan Plateau overlooking the Indus-Tsangpo furrow; the
relationships and nomenclature of the ranges here are still a matter
of some dispute.** Mention should be made of the Ladakh Range
lying along and cut through by the Indus; in the east it separates
that river from its important tributary the Shyok, which leads up
to the Karakoram Pass (18,270 ft., 5,568 m.).

The Great Himalaya begins at the culmination of Nanga Parbat
(26,629 ft., 8,127 m.) in the angle of the Indus. To the north it is
flanked by the Zaskar Range, overlooking the Indus, and by the



high dissected plains of Rupshu and Deosai; to the south by the
series of more or less continuous or echelonned ranges known

collectively as the Lesser Himalaya. The famous Vale of Kashmir
lies between the Great Himalaya and the most westerly range of

the Lesser Himalaya, the Pir Panjal; uplift here has been very
considerable since the mid-Pleistocene. The Pir Panjal crest is

merely a residual ridge on a broad plateaulike surface, and its
accidented relief is due mainly to glaciation. The origin of the Vale
itself is obscure: Wadia speaks of it as 'an exaggerated instance of a
dun' or longitudinal valley, and his section shows it as occupying a
synclinal on the back of the great Kashmir Nappe; while de Terra
holds that it is a recently depressed intermont basin, pointing to
marked evidence of faulting on the Himalayan flank. The floor of

the Vale is formed mainly by the terraces of the Karewas beds,
deposits of a Pleistocene lake. The longitudinal depression of the

upper Jhelum in Kashmir is continued by the upper Chenab, and it
seems likely that the upper Jhelum may have flowed out to the
southeast before being captured by the present master-stream: the
directions taken by its tributaries suggest this rather than the
converse evolution, with the Chenab as captor, put forward by
Pascoe. The longitudinal section of the upper Sutlej and its
tributary the Spiti is not a continuation of this Jhelum-Chenab
trough but lies north of the Great Himalaya, the Sutlej having a
spectacular transverse course right across both Great and Lesser

Himalaya.

On the southern flank of the mountains the Tertiaries of Potwar
narrow out eastwards (Fig. 1.5) into the Siwalik Hills, which
extend as far east as the Kosi River (87°E) and less continuously

beyond that: the gaps in the Siwalik deposits around the Tista
River have been attributed to the greater force of monsoon erosion
opposite the passageway formed by the Ganga Delta, but the work
of Heim and Gansser suggests that they may have been overridden
by Himalayan nappes. The Siwaliks are formed of great
thicknesses (15,000-20,000 ft., 4,5706,100 m.) of Mio-Pleistocene
sands, gravels and conglomerates, obviously erosion products of
the Himalayas themselves, and although rarely exceeding 3,000 ft.,



they bear striking witness to the extreme youth of the mountain-
building. The Siwaliks are backed by a discontinuous series of
longitudinal vales — the duns — behind which are a number of
southwards thrusts, the Boundary Faults once thought to represent
successive boundaries between sedimentation and mountain-

building but now recognized as the soles of great nappes. The
Siwalik front to the plains is remarkably even and regular, and

here again faulting may play a part — between Beas and Sutlej
there is evidence for sub-recent thrusting of Upper Siwalik deposits
over the older alluvium.

The Great Himalaya itselt extends in a vast arc, convex to the

south, from the Indus to the Brahmaputra; most of the peaks over
25,000 ft. (7,620 hi.), though not Everest, are formed of granites and
gneisses, but much of the area is made of old metamorphics which
have some definite Peninsular affinities. After the great extent and
height of the range, the most striking feature is the contrast
between the relatively gentle and rounded forms of the slope to the
[ndus-Tsangpo furrow and the wildly fretted southern face. Apart
from the great gorges of the Indus, Sutlej and Dihang (the
transverse section of Tsangpo—-Brahmaputra), the range is deeply
cut into by the headwaters of the Ganga (Bhagirathi and
Alaknanda Rivers), Sarda (Kali), Ghaghra (Seti, Karnali, and
Bheri), Gandak and Arun; the last-named has a considerable

plateau section behind Everest. On the whole the rivers tend to cut
through the range in its culminating massifs; while the detailed
work of Wager on the Arun strongly supports antecedence,” many
features seem due to capture. Everywhere the descent is far steeper
to the south than to the north, and some north-flowing streams
seem to have lost much of their catchments and their valleys to be
choked with their own debris. Thus in the Zoji La, north of
Kashmir, the track up the south-flowing stream ends in a deep
gorge and a 2,000-ft. (610 m.) ascent, beyond which is a well-

graded valley opening to the north: very much the Maloja Pass
type.l2 The assymmetrical development of the two slopes is,
however, much more pronounced east of Sutlej, where the excess
of precipitation on the southern face is much greater than in the



west. Looking to the fact that elevation clearly took place in stages,
a compromise view may be possible, that 'capture has created and
antecedence maintained' the transverse gorges.

Corresponding to Nanga Parbat in the west, the eastern
culmination of the Great Himalaya is the 25,000-ft. peak of
Namcha Barwa, overlooking the Dihang gorges. The continuation
of the axis farther east is very uncertain; Mason and Wadia incline
to think that it swings round to a north—south alignment under the
influence of the Shiilong Plateau and the old Yunnan block; but
Kingdon Ward adduces arguments (largely based on a floristic
divide) to suggest that the real continuation is still eastwards and
is cut across by the great antecedent trenches of the upper
Salween, Mekong and Yangtse; the Himalaya may override the
weaker folding of the Naga—Patkai arcs.2

This eastern area is much less known than the western and
central Himalaya, but there seems to be at least a suggestive
parallelism with the northwestern syntaxis; while the Shiliong
Plateau itself is relatively undisturbed, the Tertiaries to either side,
in the Himalayan foothills and the Patkai-Naga ranges, show a
good deal of thrusting and overturning, although further away

from this peg or fulcrum the mountains of the Burma border are
formed of simple open folds. On this view, the Brahmaputra valley

in Assam is a ramp-valley forced down between the Shiliong
Plateau and the Himalayan thrusting. At any rate the Assam-
Burma ranges seem to correspond in a general way with those of
Baluchistan, and their north-south trends are doubtless associated
with the northeastern wedge of the Peninsular Block and the
resistance of the Yunnan Block. They are developed in relatively
soft Cretaceous and Tertiary sandstones and shales, and have a
markedly Jura-type structure of quite simple anticlines and
synclines, with some shallow thrusting.

The northwestern syntaxis (Fig. 1.5)

The great syntaxis of the Himalayan arcs in the northwest, already



briefly noted, is of much more than local significance: it forms a
great knee-bend some 300 miles (480 km.) deep and affects the
strike of the ranges probably as far as the foot of the Pamirs; a very
striking expression of it is the wedge of Murree and Siwalik
deposits at the sharp angle of the Jhelum near Domel .

The extension of the old Gondwana block beneath the Punjab
alluvium is evidenced by the Kirana outcrop, an outlier of the
Aravallis only 60-70 miles (97-113 km.) from the Salt Range. The
Salt Range itself, with its steep front to the plains, its long dip-

slope northwards under the Potwar deposits, its thrusts showing a
horizontal movement of some 20 miles, and its curiously twisted
alignment, is very largely controlled by this concealed Peninsular
salient. The stability and competence of the basement rocks of the
old foreland, underlying the Tertiaries of Potwar, is shown by the
fact that the mantle of Murrees and Siwaliks is merely wrinkled up
on the basement, not metamorphosed or even much indurated;
they are in fact only plis de couverture of no great depth. Again,
the Alurree sediments are strikingly different petrologically from
those of the Siwalik Hills, being probably derived from iron-
bearing Peninsular rocks rather than from the rising Himalaya.
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FIG 1.5 THE NORTHWEST HIMALAYAS. The murree-siwalik outcrop indicates











































































































































