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PREFACE TO THE FIRST EDITION

The first edition of the official Manual of the Geology of India by
Medlicott and Blanford appcared in 1879 and a second cdition by R. D. Old-
ham was published in 1893. They were out of print by 1910 or thereabouts.
Students of geology were, howcver, fortunate in the publication, by Mr. D.
N. Wadia, of his excellent book Geology of India ' in 1919, and the subse-
quent editions. For about a quarter of a century it has been the only book
available on the subject. A new book on Indian Stratigraphy needs there-
fore no apology to make its appearance, especially at a time when the subject

is attracting the attention of an increasing number of students and the
educated public alike.

I have endeavoured to include all the most important and useful
information up to the time of going to Press subject to the limitations set
by the size and standard of this book. But, as my official duties have kept
me away from Calcutta since the latter part of 1941, T have not had the
advantage of the unvivalled library facilities available at Calcutta at the
time of the final revision of the manuscript.

From the time I began the manuscript, I have received constant
encouragement {rom Dr, Cyril S. Fox, Director of the Geological Survey of
India, who found time, amidst his manifold duties, to read it through.
I am indebted to him for many useful suggestions, for permission to make
use of the Geological Survey publications for illustrations, and for obtaining
for me the sanction of the Government of India to publish the book. It is a
pleasure to acknowledge the valuable help I have received from my collea-
gues Messrs. N. K. N. Aiyangar and M. S, Venkataraman at all times during
the preparation of the manuscript and during its publication. To Dr. K.
Jacob I am grateful for assistance and helpful criticism in connection with

the chapter on the Gondwana System and in the preparation of the plates
illustrating that chapter.

Several difficulties cropped up soon after the manuscript was handed
over to the Madras Law Journal Press for publication. My warmest thanks
are due to the management and staff of the Press for surmounting the
difficulties and successfully bringing out the book in spite of the unprece-

dented conditions created by the war, and for the courtesy shown to me at
all times.

MADRAS, M. S, KRISHNAN
15th May, 1943,
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CHAPTER I

INTRODUCTION AND PHYSICAL GEOLOGY
The Divisions of India

A physical map of India shows strikingly that the country can be
divided into three well-marked regions each having distinguishing characters
of its own.  The first is the Peninsula or Peninsular Shield (‘ shield * being
a term used for geologically very old and stable parts of the crust) lying
to the south of the plains of the Indus and Ganges river systems. The
second division comprises these I ndo-Gangetic alluvial plains stretching
across northern India from Assam and Bengal on the east, through Bihar
and Uttar Pradesh, to the Punjab and Sind on the west. ' The third is the
Extra-peninsula, the mountainous region formed of the mighty Himalayan
ranges and their extensions into Baluchistan on the one hand and Burma
and Arakan on the other.

These three divisions exhibit marked contrast in physical features,
stratigraphy and structure.

Physiographically, the &eninsula is an ancient plateau exposed for
long ages to denudation and approaching peneplanation.; Its mountains
are of the relict type, i.e., they represent the survival of the harder masses
of rocks which have escaped weathering and removal ; {their topographical
expression may not therefore be directly attributable to their structure.
Its rivers have, for the most part, a comparatively flat country with low
gradients to traverse, and have built up shallow and broad valleys. ( The
Extra-Peninsula, on the other hand, is a region of tectonic or folded™and
overthrust mountain chains, of geologically recent origin.m“ Its rivers are
youthful and are actively croding their beds in their precCipitous courses
and carving out deep and steep-sided gorges. The Indo-Gangetic plains

are broad, monotonous, level expanses built up of recent alluvium through
which the rivers flow sluggishly towards the seas.

Stratigraphically, the Peninsula is a ‘shield’ area composed of
geologically ancient rocks of diverse origin, most of which have undergone
much crushing and metamorphism. Over these ancient rocks lie a few
areas of pre-Cambrian and later sediments and extensive sheets of hori-
zontally bedded lavas of the Deccan Trap formation. Some Mesozoic
and Tertiary sediments are found mainly along the coastal regions. The
Extra-Peninsula, though containing some very old rocks, is predominantly
a region in which the sediments, laid down in a vast geosyncline continu-
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ously from the Cambrian to early Tertiary, have been ridged up and folded.
They thus show enormous thicknesses of sedimentary rocks representing
practically the whole geological column, which have been compressed,
overthrust and elevated into dry land only since the end of the Mesozoic
times. The core of the mountains is composed of granitic intrusions of
presumably Tertiary age+ The southern fringe, bordering on the plains,
consists of fresh-water and estuarine deposits of Mio-Pliocene age derived
largely from the erosion of the rising Himalayas. The Gangetic Plains
are built up of layers of sands, clays and occasional organic debris (peat-
beds, etc.) of geologically very recent date (Pleistocene and Recent), filling
up a deep depression between the two other units.

\ Structurally, the Peninsula represents a stable block of the earth’s
crust which has remained unaffected by mountain building movements
since practically the close of the pre-Cambrian era. The later changes
which it suffered have been mainly of the fiature of normal and block faulting
because of which some parts have sunk down relative to others. Along
its coasts, there have been marine transgressions which have laid down
sedimentary beds of Upper Gondwana, Cretaceous or Tertiary ages, but
not of great thickness or extent.” In contrast with this, the Extra-Peninsula
has recently undergone earth movements of stupendous magnitude. Its
strata are marked by complex folds, reverse faults, overthrusts and nappes
of great dimensions. There is reason to believe that these movements
have not yet completely died down, for this region is still unstable and is
frequently visited by earthquakes of varying intensities. ;: The Gangetic
plains owe their origin to a sag in the crust, probably formed contem-
poraneously with the uplift of the Himalayas. This sag or depression
has since been filled up by sediments derived from both sides, and especially
from the lofty chains of the Himalayas which are actively being eroded by
the many rivers traversing them.~ The little geological interest which
these plains hold is confined to the rich soils and to the history of the river
systems ; indeed, the alluvium effectively conceals the solid geology of
its floor, a knowledge of which would be highly interesting and probably
even profitable. These alluvial plains are, however, of absorbing interest
in human history, being thickly populated, and the scene of many important
developments and events in the cultural and social history of Hindustan.

CLIMATE

India, Pakistan and Burma together have an area of over 1,893,344 sq.
miles (India 1,266,858 ; Pakistan 364,737 ; Burma 261,749 sq. miles).
India and Pakistan stretch between N. latitudes 8° and 37° and E. longi-
tudes 61° and. 97°, Burma extending further east to a little beyond 100°.
From Cape Comorin to the north of Kashmir the distance is about 2,000
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miles, this being exceeded by the distance between the western border
of Baluchistan and eastern border of Burma by some 400 miles.

Within this extensive domain are present a variety of climatic con-
ditions, but the dominant feature is the tropical monsoon. The northern
part of the country, that beyond the latitude of Calcutta and Ahmadabad,
lies to the north of the Tropic of Cancer. The interior of the country,
owing to its inland or continental nature, is subject to extremes of tempe-
rature. The mountain barrier of the Himalayas plays an important part
not only in influencing the distribution of rain in Northern India, but
also in preventing this region from experiencing the very celd winters
characterising the territories to their north.

The south-west monsoon reigns from the end of May to December,
the carlier half being the general rainy season. The latter half marks
the ‘ retreating monsoon’ during which some parts of the eastern coast,
particularly the Madras coast, receive some rain. The north-east monsoon
is active during the cold weather but the winds are drv before they blow
over the Bay of Bengal.

During the cold weather (December to February) the temperature
reaches a minimum, especially in the Punjab and the north-west which
show mean temperatures below 55°F. In Upper India there is a region
of high pressure from which winds radiate to the south and south-east.
North-east winds are experienced in Bengal but they arc dry until they
blow over the sea when they pick up moisture and precipitate it on the
Madras coast and Ceylon. Some cyclonic storms are also experienced
in N\W. India dufing this period but these are due to winds travelling
eastwards from the Mediterranean.

During the succeeding months of March to May, the temperature
rises steadily to a maximum, the interior of the country registering 110° to
120°F. in early May. Strong winds blow from the north-west down the
Ganges valley, familiarly known as ‘ norwesters’. Though during this
. period, there is a low pressure region in Northern India, there is no flow
of moisture-bearing winds from the Indian Ocean as there is obstruction
to such a flow in the intervening low pressure equatorial belt. It is only
towards the end of May that this latter is wiped out and the south-west
winds establish themselves.

The south-west monsoon strikes the Malabar and Arakan coasts and
is deflected northwards by the hills present along these coasts. The Deccan.
plateau falls in the rain-shadow of the Western Ghats and hence receives
only a small amount of rain which diminishes steadily from west to east.
The Western Ghats receive over 100 inches of rain during the monsoon
whereas the ‘shadow’ region gets only 25 inches or less. The winds
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sweeping up through the Bay of Bengal strike the Arakan and Assam
hills, the latter forcing the winds up to an altitude of some 5,000 feet when
all their moisture content is precipitated as rain. The neighbourhood of
Cherrapunji is known to receive the highest rainfall in the world, averaging
about 450 inches per year, the maximum recorded being 905 inches in 1861.
Part of the monsoon winds is deflected up the Ganges valley to as far as
western Punjab, bringing rain to these regions between the middle of June
and the end of August. There is of course more rain along and near the
Himalayan foothills than away from them and hence Southern Punjab and
Rajasthan are regions of low rainfall.

A broad and rather irregular belt of low rainfall (20-30 inches) stretches
from the interior of Madras in a northerly direction through Bombay
and Central India to the Punjab. But South-western Punjab, Western
Rajputana, Sind and Baluchistan constitute a region of very low rainfall
(below 10 inches per annum) and enclose the tract known as the Thar which
is a semi-desert.

The latter part of the south-west monsoon season is marked by a
gradual rise of pressure in Northern India which has the effect of obstructing
and relatively pushing back the monsoon current. The winds therefore
appear to ‘retreat’ and precipitate the moisture content along the east
coast of Madras, during October and November. This is in fact the chief
rainy season of this part of India. The real north-east monsoon begins
to be effective only at a later period but actually contributes less rain than
the retreating south-west monsoon.

PHYSIOGRAPHY
MOUNTAINS
Peninsular India

The chief mountains of Peninsular India are the Western and Eastern
Ghats, Vindhyas, Satpuras, the Aravallis and those forming the Assam
plateau.

gl;:e Western Ghats szaa well-marked feature along the
western coast of India from ey down to Cape Comorin.
northem part, down to Dharwar and Ratnagiri in Bombay, is co
of the Deccan Traps, while the southern part which includes the rest,

consists of Archaean gneisses, schists and .chamockites “b The Western
Ghats are nearly 1,000 miles ong. Their average elevation is from 3,500
to 4,000 f;e)ﬁu many peaks rise to over 7,000 or 8,000 feet (e g&)&:dda-
betta (8,650 feet)land Makurti (8,380 feet) in the Nilgiris, Anaimudi (8,837

feet) in the Anairhalais and Vembadi Shola (8,218 feet) in the Palni hills.)
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-( The Western Ghats in Bombay are composed of flat-topped ridges
which are due to the more resistant flows of the Deccan Traps forming a
series of step-like terraces. In this portion rise the Godavari, Bhima and
Krishna rivers. The Satmala ridge branches off to the east between the
Tapi and the Godavari, while Mahadeo ridge branches off between the
Bhima and Krishna rivers.y Mahabaleswar is a well-known hill station
(4,717 feet) near the source &t the Krishna river. A few passes in the ghats
provide lines of communication between the coastal plains and the interior

and these have had great strategic significance in the past history of the
country.

The Western Ghats are generally known as ‘ Sahyadris * which is the
name by which they have been dgscribed in the €pic Ramayana. As we
proceed to the south into Mysore, @e Ghats tend to recede to 30 or 40 miles
from the coast. In the Nilgiris the Eastern Ghats join them to form a
mountain knot whose highest point is Doddabetta,) Further south the
Western Ghats recede still further, to a distance of 4050 miles from the
coast.

CI‘:) the south of the Nilgiri hills is the remarkable pass or gap in the
Western Ghats, known as the Palghat Gap.\ This has always provided a
major line of communication between the ¢oastal plains of Malabar and
JKanara on the one hand and the plains of South Madras on the other.
The Palghat Gap is only 1,000 feet in elevation, but has a maximum width
“of 15 miles. It might represent the valley of a westerly flowing river of the
Tertiary times)as suggested by Jacob and Narayanaswami (1954).

éouth of the Palghat Gap the Western Ghats rise again to form the
Anaimalai hills whose highest peak is Anaimudi. The top of these hills
is an undulating plateau which is well-forested) They support very good
forests containing several useful timber species, e.g., teak, ebony, rose
wood, etc., and a large variety of bamboos. The Mysore and Travancore
parts of the Western Ghats also support large plantations of tea, coffee,
cinchona, cardamem, etc. One of the eastern spurs from these hills forms
the Palni hills. (Further south in Travancore they decrease in height and
disappear finally a*few miles to the north of Cape Comorin)

Though situated very close to the Arabian Sea, the Western Ghats
form the real watershed of the Peninsula. Their easterly slopes are gentle
and often grade igto the Mysore plateau and the plains of the interior
districts of Madras.) The western slopes are much steeper and often
precipitous.} As t¥ey are exposed to the full vehemence of the south-
west monsoon, they receive around 150 inches of rain per annum. {All the
important peninsular rivers, viz., the Godavari, Krishna, Cauvety and
Tambraparni and their important tributaries rise on the Western Ghats
and flow eastwards into the Bay of Bengal.'
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The Eastern Ghats:% These are a series of rather detached hill
ranges of heterogeneous composition which stretch intermittently from the
northern border of Orissa through the coastal regions of the Andhra Province
to join the Nilgiris in the western part of Madras. They are uniform in
their character in Orissa and in the northern part of Andhra down to the
valley of the Krishna river, being composed of garnetiferous sillimanite
gneisses (khondalite) and large masses of charnockite,; Their average
elevation here is about 2,500 feet, but a few points rise to over 5,000 feet,‘
for example Korlapat (3,981 {feet) and Banksamo (4,182 feet) in Kalahandi ;
Nimaigiri (4,972 feet) in Koraput ; Malayagiri (3,895 feet) in Pal Lahara ;
Meghasani (3,824 feet) in Mayurbhanj; Mankarnacha (3,639 feet) in Bonai
and Mahendragiri (4,919 feet) in Ganjam. In a few places the garneti-
ferous gneisses are capped by laterite which is generally too poor in alumina
to form commercial bauxite.

South of the Krishna Valley, they continue into the Kondavidu hills
which are composed of charnockites. Possibly a part of the Ghats in the
Krishna district strikes into the Bay of Bengal to continue further on into
€eylon, ghe Nallamalai and Palkonda hills are composed of Cuddapah
and Kurnool formations) Their continuation is to be seen in the Javadi,
Shevaroy and the Biliglri Rangan hills of Salem and Coimbatore which
finally join the Nilgiris. All these are made up of charnockite and granjtoid
gneisses. Of these, the Shevaroys, which rise ttrim——ght of 5,410 feet,
‘c'b"'ﬁfgja few flat-topped peaks on which bauxite deposits occur.

The Eastern Ghats to the north of the Krishnﬁriver have been con-
sidered by Fermor to Qa;ve been uplifted in Pre-Cambrian or later times
This is supported by the Tact that the majority of the rocks have the impress
of high grade metamorphism. éhey contain intrusive masses of granitic
rocks which, when invading manganiferous sedimer::§ have given rise to
hybrid rocks originally described as Kodurites by Ferrfor. . In a fewplaces
such as the Baula hills in Keonjhar and in the Kondzpalle hills in the
Krishna district, there are intrusive masses of ultrabasic rock associated
with chromite. This part of the Eastern Ghats is therefore the remnant
of a tectonic mountain system whereas that in the Cuddapah basin further
south is largely of the relict type.

" The Vindhya Mountajns: {The Vindhyas,)which separate Southern
India from Northern India@ a\Rairly éntin ous group of hill ranges,
or ratherf series of plateauxNying to thenorth of the Narmada river an
extending from Jgbat (22°27' :74°35') in Gujarat to Sasaram (24°57':
84°02') ip. Bihar, through Indore, Bhopal, Baghelkhand and Bundel-
khand. } {Their -gefferal elevation is 1,500 to 2,000 feet)but a few points
rise above 3,000 feet.{ The majority of the ranges are composed of sandstones
and quartzites of thé Vindhyan System, these being relict mountains. '
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The western part,/to the west of Jabalpur, forms the northern, boundary
of the Narmada Valley and consists mainly of Deccan Trap. (The eastern
part, including the Kaimur Range, is composed of the Vindhyan sandstones.
The Maikal Range, forming so to say a connecting link between the Vindhyas
and Satpuras))is a large plateau which was once well populated but is now
highly forested. Together with the Satpuras, the Vindhya mountains
form the watershed of Central India from which rise the Nama&'ei“tﬁi”mfaf
Betwa, Tons, Ken, Sone and other streams, some of \whlch ﬁow mto the
Ganis:nd the others into the Godavari and Mahanad1

The Satpura Mountains) This name was pplied originally to
the hills in the Nimar district”of Madhya Prades| ich geparated the
Narmada and the Tapi Rivers. Their western termination is in the Raj-
pipla Hills in Gujarat while in the east they comprise the Pachmarhi
Hills, the Maikal Range and the hills of Surguja, Ranchi and Hazaribagh.
They have a general EN.E.-W.S.W. trend. ) The peaks in the Mahadeva
Hills are over 4,000 feet in height (Pachmarhi: 4,380 feet) while the
Amarkantak peak is 3,490 feet high. {The highest point is Dhupgarh
(4,454 feet). . In the eastern part, the Satpuras are composed of Gondwanas
and Archean gneisses) {n Berar, the Satpuras)occupy a broad zone,
70 to 100 miles wide, {composed of several more‘or less parallel ridges of
Deccan Trap lava flows.” Their northern slopes are drained by the Narmada
River and the southern slopes by the Wainganga, Wardha and Tapi.

The Rajmahal Hills at the head of the Ganges Delta were once
regarded as part of the Vindhyas or the Satpuras. They are, however,
not connected with either, being composed 0 Pva flows occupying the area,
between latitudes 24°30" and 25°15’ roughly ‘along longitude 87°30'.

The Aravalli Mountains : These are now the remnants of once
great mountain ranges of tectonic origin. They cross Rajasthan from
south-west to north-east dividing the arid semi-desert of the Bikaner,
Jodhpur, and Jaisalmer area on the west from the more fertile region of

Udaipur and Jaipur on the east. They are composed of rocks of the

Aravalli, Delhi and de}_xyan Systems T

- ot o st 2

e small detached quartzite ndges near Delhi are their northernmost
psf They continue to Khetri north of Jaipur where the first well-
ridge appears. hey gradually rise higher towards the south-

west forming the peaks 0 0 (3,212 feet), Raghunathpur (3,450 feet)
and Harisnath (2,968 feet). é}ley pass to the west of the Sambhar Lake
and open out to form several parallel ranges,|the highest point here being
Taragarh fort hill (2,855 feet). From Beawar onwards they form cons-
plcuous ridges while beyond Merwara they spread out into a zone of hills
25 to 30 miles wide. { The highest point attained by the Aravalli Mountains
is Gurusikhar (5,650 feet) in Mt. Abu. ) Further south-west they gradually
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become straggling hills forming the rugged country extending from south-
west Mewar into Dungarpur and Banswara. They may be said to terminate
in the district of Bhukar in south-western Sirohi.  The south-eastern
flanks extending into Udaipur are less steep than the north-western flanks,
the latter being better wooded, because of the slightly higher rainfall on
that side.

Though the Aravallis terminate in Gujarat in the south and near
Delhi in the north, there are indications that they extend in both directions\
Pre-Cambrian rocks with the Aravalli trend have been noticed in Garhwal
in the U.P. Himalayas and are considered to represent their former ex-
tension into this region. In the south of Rajasthan they tend to splay
out, the different parts being continued probably into the Laccadives in
the Arabian Sea on the one hand and into Mysore and Hyderabad on the
other.

' The Aravallis are t ught to constitute one of the finest examples of
a true tectonic range. { They were formed in Pre-Cambrian (post-Aravalli
and post-Delhl) times and Were probably uphfted again in_post-Vindhyan
‘times, " The ‘Tast’ “Tovement may have been merely a block uplift as
suggested by Fermor (Records, G.S.I., Vol. LXII, pp. 391-409, 1930).
They form the major watershed of Northern India, separating the drainage
of the Ganges River system from that of the Indus, which are destined
respectively for the Bay of Bengal and the Arabian Sea.

Extra-Peninsular Ranges

Arcuate Disposition : The mountains surrounding India on the
north, north-west and north-east are, as mentioned already, tectonic ranges
and have been formed at a late geological age, viz., during the Tertiary.
Their curvilinear disposition is very striking. They consist mainly of
circular arcs which are convex towards the Peninsula, ¢.e., towards the
rigid crust against which they appear to have been thrust.

Of these, the Himalayan and the Burmese arcs are of immense radius.
The Himalayas extend with a smooth sweep from Assam to Kashmir,
for a length of about 1,500 miles. ~The western arm however consists
of arcs of smaller radii which succeed one another at short intervals. The
three main segments here are the Hazara mountains with the Samana
Range and Safed Koh ; the Sulaiman ranges which terminate near Quetta ;
and the system composecT of the Bugti hills, and the Kirthar and Mekran
’ranggs.

The Himalayan arc is followed to the north by a succession of ranges
across the great Tibetan table-land, their trend being more or less parallel
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to the Himalayas but their curvature gradually decreasing in each of the
more northern ranges. It will thus be seen that the Aling Kangri, the
Karakoram and the Kun Lun become progressively straighter, the last
being practically a straight mountain system (See Map II).} In the case of
the Baluchistan arc, the transition from the strongly cur¢ed outer ranges
to the slightly curved inner ones is more rapid and distinct than in the
Himalaya as will be clearly seen, for instance, in the case of the Sulaiman
and associated ranges. The convexity of the arcs is in all cases towards
the rigid mass of the Peninsular shield and indicates the apparent direction
of thrust movements.

Tibet : The Tibetan plateau has an average altitude of 14,000 feet.
To its north-west is the Pamir plateau (12,000 feet) which connects up
with the Tien Shan plateau further north. The Tibetan plateau is now
generally covered to a large extent by alluvium and loess. It is studded
with a large number of lakes which were formerly much more extensive
and probably connected with seme system of drainage. Now however,
they are mostly brackish and are, together with the whole region, becoming
desiccated, consequent upon the rise of the Himalayas which have effectively
shut off the moisture-bearing winds from the Indian Ocean. In the
mountains on its southern and eastern border, however rise all the great
rivers of Southern and South-eastern Asia.

Karakoram: The Karakoram range forms, so to say, the back-bone
of the Tibetan region and is continuous with the Hmdukuslg range to its
west. The Karakoram carries the peaks K* (28,250 feet),| Gasherbrum
(26,470 feet). Masherbrum (25,660 feet), etc. It forms the chief water
parting between Central Asia and South Asia. To the south of the water-
shed it is some 30 to 60 miles wide, carrying peaks over 20,000 feet high.
It contains also several important glaciers—Baltoro, Biafo, Hispar, etc.
The valley of the Hunza river, at an altitude of 15,500 feet, constitutes
a pass to Central Asia while the pass between Leh and Yarkand further
east is 18,300 feet high. South of the Karakoram in Tibet is a range of
snow-clad mountains named Aling Kangri. How far to the east this range
extends is not known. Between Aling Kangri and the Kailas Range lies
another range called the Trans-Himalaya by Sven Hedin, the great Scan-
dinavian explorer to whose explorations in Tibet we owe a great deal of
our knowledge. This Trans-Himalaya Range is the real watershed between
the northerly drainage flowing into Tibet and the southerly drainage
destined for the Indian Ocean.

Kailas and Ladakh Ranges: Some distance south of the Trans-
Himalaya is the Kailas Range, the latter being parallel to, and some 50
miles north of, the Ladakh Range.} About 19 miles north of the sacred
Manasarowar lake, the Kailas Range contains a cluster of peaks of which
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the chief is Mount Kailas (22,028 feet). (South of the Kailas Range comes
the Ladakh Range which takes its nameé from the province of Ladakh in
Tibet. The Ladakh Range, which can be followed from Balgistan to
Eastern Tibet, forms the watershed between the latter and Nepal.) To the
west, it probably merges into the Haramosh Range on whicli” the peak
Rakaposhi (25,550 feet) is situated. The highest peak of the Ladakh
Range is Gurla Mandhata (25,355 feet). . There are several gaps in the
Ladakh Range ; one of them is traversed by the Sutlej ; a second, some
15 miles wide, is seen south-west of Manasarowar ; the third and largest
is a gap 65 miles wide, north of Chomo Lhari}which is drained by the Nyang,
a tributary of the Tsang-po. \The Indus river is inextricably connected
with this range } it first flows on the northern side of the range for 120 miles
from its sourcE, then crosses it to the south near Thangra, flowing W.N.W.
for nearly 300 miles along the southern flank ; it again cuts across the
range northward just before it is joined by the Shyok river.

The Zanskar Range : This is really a northerly branch of the
Himalaya lying between the Ladakh Range on the north and the Great
Himalaya on the south. “A good part of this range is unexplored territory.
Its best known peak is-Kamet (25,477 feet). It is traversed by the Dras
and the Zanskar rivers.y There are several passes over this range., some
of the well-known ones being Dharma (18,000 feet), Kungri Bingri (18,000
feet) and Shalshal (16,200 feet).

The Pir Panjal : This forms the southern boundary of the Kashmir
valley and extends from Muzaffarabad on the Jhelum to Kishtwar on the
Chenab and further east. The high central part is 80 miles long, with peaks
rising to over 14,000 feet.

,THE HIMALAYAS PROPER

The Himalayas can be divided longitudinally into four zones, parallel
to each other :—

1. The Siwalik foot-hills, 5 to 30 miles wide, whose altitude
rarely exceeds 3,000 feet. This region is generally covered with a damp
and unhealthy forest. The rainfall varies between 50 inches in the west
to 100 inches in the east.

2. The Lesser Himalayan Zone, 40 to 50 miles wide and of an
average altitude of about 10,000 feet. This consists of parallel ranges in
Nepal and Punjab but of scattered mountains in Kumaon. In this are
found remnants of the fringes of the old Gondwanaland. The zone between
5,000 and 8,000 feet is covered by evergreen and oak forests and that
between 8,000 to 10,000 feet by coniferous forests. In the lower slopes
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are found magnificent forests of chir (Pinus:longifolia), deodar (Cedrus
deodara), the blue pine (Pinus excelsa), oaks and magnolias, whereas above
8,000 feet are found birch, spruce, silver fir and other species.

3. The Great Himalaya or Central Himalaya, comprising the
zone of high snow-capped peaks which are about 80 or 90 miles from the
edge of the plains. This zone shows both sedimentary and old meta-
morphosed rocks which have been intruded by large masses of granite,
probably of different ages. This consists of a lower, alpine zone up to
16,000 feet and an upper, snow-bound zone usually above 15,000 to 17,000
feet. The alpine zone contains rhododendrons, trees with crooked and
twisted stems, thick shrubs with a variety of beautiful flowers, and grass.

4. The Trans-Himalayan Zone, about 25 miles in width, con:
taining the valleys of the rivers rising behind the Great Himalayas. These
river basins are at an altitude of 12,000 to 14,000 feet and consist of rocks
of the geosynclinal or Tibetan facies.

In the Darjeeling-Nepal region, the Himalayas have an E.-W. tr;l.:l'.'
Further to the east, they have an E.N.E. or N.E. course, while to the west
of Nepal they first have a west-north-westerly course and then a north-
westerly course. The main range throws off minor ranges (all on the
convex side, except in one case) which first proceed in the original direction
of the main range at the point of branching but gradually swing parallel
to the main range. The best known of these are the Nag Tibba, the Maha-
bharat and Dhauladhar ranges in Nepal and U.P. and the Pir Panjal in
Punjab and Kashmir.

+  REGIONAL DESCRIPTION OF THE HIMALAYAS

The Himalayas have also been divided by Sir Sidney Burrard into
four transverse regions, viz.,, the Assam, Nepal, Kumaon and Punjab
Himalayas. ‘

The Assam Himalaya is the portion between the peak Namcha
Barwa (25,445 feet) in the Mishmi country where the Tsang-po (Brahma-
putra) makes a sharp bend to cut across the mountains, and the Tista
river, and is 450 miles long. The Kula Kangri group of peaks (24,784 feet)
and Chomo Lhari (23,997 feet) occur in this portion. The Himalayas are
known to continue beyond Namcha Barwa but though that portion of the
country is little known, geological and structural observations indicate
that they execute a very sharp bend and turn southward to form the border
ranges between Assam and Burma. The Assam Himalaya rises very
rapidly from the plains, the foothills region being narrow and the Sub-
Himalayas comparatively lower in altitude than in other areas.
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The Assam Himalaya is geographically divided into short segments
named after the tribes inhabiting them. These arc the Aka hills between
the Dhansiri and Dikrai rivers ; the Daphla hills between the Bhaireli
on the west and the Ranganad on the east ; the Miri hills north of the
Lakhimpur district ; the Abor hills between the Siom on the west and the
Dibang on the east ; and the Mishmi hills between the Dibang and the
Dibang (Brahmaputra). Our knowledge of the Assam Himalaya is very
meagre, having been derived from a few traverses made in conjunction
with military expeditions.

The Nepal Himalaya, 500 miles long, is the portion between the
Tista on the east and the Kali on the west and is crowned by the peaks of
Kanchenjunga (28,146 feet), Everest (29,002 feet), Makalu (27,790 feet),
Annapurna (26,492 feet), Gosainthan (26,291 feet) and Dhaulagiri (26,795
feet). It throws off a branch near Dhaulagiri.

The Kumaon Himalaya, 200 milcs long, is limited by the Sutlej
river on the west. The best known peaks here are Nanda Devi (25,645
feet), Badrinath (23,190 feet), Kedarnath (22,770 feet), Trisul (23,360 feet),
Mana (23,862 feet), Gangotri (21,700 feet) and Jaonli or Shivling (21,760
feet). The southerly bifurcation here becomes the Dhauladhar Range.
It is in the Gangotri region that the Bhagirathi river, which is the ultimate
source of the sacred Ganga (Ganges), rises in the Gangotri glacier.

The Punjab Himalaya, 350 miles long, is the portion between the
Sutlej and the Indus. The Sutlej cuts across the Himalaya where it shows.
a marked curvature. A southerly branch, the Pir Panjal, is also given off
in this part. The main range carries few peaks exceeding 20,000 feet.
The Zoji-La pass over this is only 11,300 feet high. The northern slopes
of the range are bare and show plains with lakes, while the southern slopes
are rugged and forest-clad. The Punjab Himalaya is not cut across by
any river. Topographically it culminates in the Indus valley just beyond
Nanga Parbat (26,620 feet), but geologically and structurally it makes a
sharp southerly bend and, traversing Hazara, apparently merges into the
Safed Koh range on the one hand and the mountains of the Baluchistan
arc on the other.

. THE BALUCHISTAN ARC

The ranges corresponding to the Himalayas and their foothills are to.
be found in the Black Mountains of Hazara, the Kala Chitta and Margala
hills, the Salt Range, the Sulaiman Range, Bugti and Mari hills, Kirthar
Range and the Mekran Ranges, the last sweepmg westwards into the
mountains of South Iran.

The northernmost ranges of this arc start from.the Hindu Kush
mountains and procéed through Chitral and Swat.  Further south are
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the Muhmand hills while south of the Khyber pass are the hills of Tirah
inhabited by the Afridi tribes. The Safed Koh Range branches off from
the northern end of this area. Further south are the hills of Waziristan
which merge into the Sulaiman Range part of which traverses the Kohat
district. The Kala Chitta—Margala hills and the Salt Range join the
Sulaiman Range from the east. The Kohat hills are associated with the
curving hills of Maidan, Khasor and Marwat Ranges to the west of the
Indus opposite the Salt Range.

The Sulaiman Range runs from the Gumal river to Quetta in a large
loop. The inner ranges of this loop are the Bugti and Mari hills. South
of Quetta are the Kirthar and Laki hills. The former, composed of several
parallel ridges, form the boundary between Sind and Baluchistan.  One of
these stretches straight on to Cape Monze. The highest point in the
Kirthar Ranges is Mt. Zardac (7,430 feet). The Laki hills may be considered
as merely an offshoot of the Kirthar hills, being the easternmost ridge
bordering on the Indus plains, and terminating at Sehwan on the Indus.
To the west of the Kirthar hills are the ranges of Brahui and Mekran,

the latter turning westwards in a broad curve and proceeding into Southern
Iran.

The Kirthars themselves apparently continue into the Arabian Sea
and turn parallel to the Mekran Ranges. They are thought to connect
with the coastal ranges of Oman in Arabia.

“ THE BURMESE ARC

At the north-eastern extremity of the Himalayas, a little beyond the
peak Namcha Barwa, the geological formations turn sharply southwards
and form the conspicuous arc forming the border of India and Burma,
continuing into the Andaman and Nicobar islands amd the Indonesian
Archipelago. The Burmese arc on the Indo-Burma border is an area about
which very little is known except for the meagre information obtained
from a few traverses. It is composed of the Patkoi, Naga, Manipur,
Lushai, Chin, Arakan and other ranges. The Median Tertiary belt of
Burma lying to the east of these ranges corresponds to the Tertiary zone
of Baluchistan, while the zone of the Shan platcau, with its ancient and
Palaeozoic rocks, is a foreign element beyond the original Tethyan zone,
and belongs to South-east Asia.

GLACIERS

Snow-line and limit of Glaciers : The ‘ snow-line’ or the lowest
limit of perpetual snow and ice is at different altitudes in different parts
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of ‘the Himalayas and associated ranges. ' In the Assam Himalaya the
snow-line is at about 14,500 feet or higher, whereas in the Kashmir Himalaya
it varies from 17,000 to 19,000 feet. This is probably due to the scantiness
of moisture in the region of the north-western Himalaya and Tibet. It is
an interesting fact that in all the ranges north of the Great Himalayas,
the snow-line is at a higher elevation on the southern than on the northern
slopes, because the sun’s rays affect the southern slopes more than the
northern. But the reverse is the case in the Great Himalayas since the
southern slope receives much greater precipitation than the northern and
is also steeper, the slope helping the gliding down of the ice quickly to
low levels. The glaciers also descend to lower levels in the Punjab Himalaya
than in the Assam Himalaya ; this is due partly to the lower latitude and
greater condensation of atmospheric moisture as rain (rather than snow)
in the Assam Himalaya.

The glaciers arc now confined to the higher ranges. The more im-
portant ones are valley-glaciers flowing through longitudinal valleys, and
having large dimensions. The hanging glaciers along short transverse
valleys are less important and more affected by variations of temperature,
seasonal snowfall, etc.

The following glaciers may be mentioned as important :—-

Table I. — Length of Important Glaciers

Name ‘ Location i L"::]%ih
I A R )
1
Fedchenko I Trans-Alai . 48
Siachen .1 Karakoram ca 45
Hispar . I Do. .4 38
Biafo Lo Do. . 37
Baltoro . { Do. . 36
Batura .. Do. .. 36
Rimo ..1 Punjab Himalaya . .- 25
Punmah .. Do. .. 17
Rupal .. Do. . 10
Diamir .. Do. L2 7
Sonapani .. ~ Do. .. 7
Gangotri ..| Kumaon Himalaya . 16
Milam .. Do. .. 10
Kosa .. Do. o 7
Kedarnath .. Do. Ny 9
Zemu ..l Nepal Himalaya .. 16
Kanchenjunga ..: Do. : 10
1

The glaciers of the Himalayas and Central Asia have been studied
by the Geological Survey of India as well as by many explorers, among
whom may be mentioned Montgomerie, Conway, Longstaff, De Filippi,
Visser, Dainelli and others.
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Many of the Himalayan glaciers are much smaller than those listed
above, being generally 2 to 5 miles long. In the largest glaciers the thick-
ness of ice amounts to hundreds of feet e.g., Fedchenko 1,800 feet ; Zemu
600 feet ; Baltoro 400 feet. The hanging and transverse valley glaciers.
are small and have a more rapid movement than the longitudinal valley
glaciers. The daily movement varies from 1 inch to 3 feet and rarely
higher, depending on the topography.

The Himalayan glaciers are definitely receding gradually. In many
of them large amounts of moraine material cover the ice near the snout.
During the summer they melt and the water escapes through crevasses
forming englacial streams issuing out of tunnel-like caves.

The Himalayan rivers and their tributaries are to a large extent fed
by glaciers. They also receive affluents and important streams traversing
the Sub-Himalayan region. The larger, snow-fed rivers are often full in
the latter part of the summer because of the water contributed by melting
snow and ice at their head-waters. Rains in the Sub-Himalayas also
contribute to the waters of these rivers.

The present glaciers are mere remnants of the extensive glaciation of
the Pleistocene period when very large areas of the mountainous tract
must have been covered by snow and ice. Terminal moraines are found
at as low altitudes as 6,000 feet in the region of the Lesser Himalayas.
Erratics or large boulders, brought down from the mountains over long
distances, are found in the plains of the Punjab far from the source of the
rocks. These and other glacial features such) as fluvioglacial deposits and
moraine-filled glacial lakes suggest that the Pleistocene glaciation covered
very large areas in the Himalayas and extended to very low altitudes.

RIVERS
Rivers of the Peninsula

There are numerous rivers traversing the Indian Peninsula, the more:
important ones being the Damodar, Subarnarckha, Brahmani, Mahanadi,
Godavari, Krishna, Penner, Cauvery and Tambraparni, which flow into
the Bay of Bengal, while the Narmada and the Tapi flow into the Arabian
Sca. The Banas, Luni, Chambal, Sind, Betwa, Southern Tons, Ken and
the Sone are Peninsular rivers of Northern India belonging to the Ganges
system while there are also a few others rising in Central India and the
Aravallis and flowing into the Rann of Kutch or the Gulf of Cambay.

Most of the Peninsular Rivers can be said to have reached a mature
state of development, particularly in the lower portions of their valleys.
The larger rivers have built up Deltas at their mouths but delta formation
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is prevented in the case of the smaller rivers by the strong ocean currents
which flow along the coasts. In the Western Ghats the rivers still show an
early stage of development probably because there may have been an
upward tilt as well as an uplift of the western part of the Peninsula in the
Tertiary era, as indicated by the presence of Upper Tertiary rocks along the
western coast which were laid down when the western coast was faulted
down in carly Miocene.

The Damodar rises in the Chota Nagpur plateau near Tori in the
Palamau district of Bihar. Its tributaries are the Garhi, Konar, Jamunia
and the Barakar. It becomes a large river after its confluence with the
Barakar. It joins the Hooghly after a course of nearly 370 miles, a few
miles below Calcutta.

The Subarnarekha rises a little {o the south-west of Ranchi, and
flows in a general easterly direction through Singhbhum, Mayurbhanj and
Midnapore districts. It is about 300 miles long and drains an area of
about 11,000 sq. miles.

The Brahmani, which is formed by the confluence of the Koel and
Sankh which join together near Panposh and Rourkela in Gangpur, flows
through Bonai, Talchar and Balasore districts, and is finally joined by the
Baitarani River before it enters the Bay of Bengal. Its total length is
about 260 miles.

The Mahanadi rises near Sjhawa in the Raipur district in Madhya
Pradesh. It flows towards the north-east, and after being joined by the
‘Seonath, turns to the east-and then south-east. It is a large river at
Sambalpur below which it flows through the Eastern Ghats, entering the
sea through several channels in its own delta. Its total length is 550 miles,
and the area of its drainage basin 44,000 sq. milcs.

The Godavari is the largest river of the Peninsula. It has a total
length of 900 miles and its drainage basin covers 112,000 sq. miles. It
rises in the Western Ghats in the Nasik district and on its way receives
several important tributaries incliding the Purna, Maner, Pranhita (Wardha
and Wainganga), Indravati, Tal, and Sabari. A large part of the area
through which it flows is densely forested. Its passage through the Eastern
‘Ghats is through a picturesque gorge above Polavaram, where it is proposed
to build a high dam. It is 9,000 feet wide at Rajahmundry below which
it splits up into several branches which have formed a large delta.

The Krishna rises near Mahabaleswar in the Western Ghats. Its
length is 800 miles and its drainage basin about 100,000 sq. miles. Its
chief tributaries are the Koyna, Ghatprabha, Malprabha, Bhima and
Tungabhadra. It flows through Southern Bombay and Hyderabad. and
then forms the boundary between the latter and the Ceded Districts. Its
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delta commences a little below Bezwada (Vijayawada). Its largest tributary,
the Tungabhadra, is composed of the Tunga and Bhadra Rivers which
rise in western Mysore and join just below Shimoga in Mysore. On its
banks near Hospet are the ruins of Hampi, the capital of the once great
Vijayanagar Kingdom. The Tungabhadra joins the Krishna River near
Kurnool town after a course of nearly 400 miles from the sources in Mysore.

The Penner rises in the Kolar district of Mysore, its chief tributaries
being the Chitravati and the Papaghni. It flows through a gorge of
Cuddapah quartzites near Gandikota in the Cuddapah district. It enters
the sea near Nellore Town and has no delta worth the name.

The Cauvery (Kaveri) rises in Coorg and flows across the Mysorc
plateau before reaching the plains. Its total length is 475 miles, and
its drainage basin is 28,000 sy. miles in area. Its chief tributaries are the
Bhavani, Noyil and the Amaravati. It is a comparatively small river
in Mysore and its descent from the plateau is marked by a few cascades
and falls. At the head of its considerable and fertile delta is the city of
Trichinopoly ; while at its mouth once stood, several centuries ago, the
flourishing port of Kaveri-pumpattinam the ruins of which now lie buried
in alluvium. ’

The Tambraparni, the river of the Tirunelveli district, rises on the
slopes of Agastyamalai in the Western Ghats, and flows into the Gulf of
Mannar. Five miles inland from its present mouth are the remmants of
Korkai which was at one time the capital of the Pandya Kingdom and a
great sea-port. At a later date its place as a'sea-port was taken by Kayal-
patnam, which was visited by Marco Polo during his voyages.

The Narmada rises on the western flanks of the Amarkantak plateau
at about 22°40’ : 81°45’ in Rewa, the actual source being a small pond
surrounded by a group of temples. It flows alongside Ramnagar and
Mandla as a deep placid stream and then turns towards Jabalpur where it
cascades down, through marble rocks, to a depth of 30 feet forming the
well-known Dhuandhara Falls. From Jabalpur westwards it flows for
200 miles between the Vindhya and Satpura mountains. After passing
Handia and Punasa it enters the alluvial plains of Indore. Below Broach,
it widens into a 17-mile broad estuary and enters the Gulf of Cambay.
The total length of the river is 800 miles and the drainage basin about
36,000 sq. miles.

" The Tapi (Tapti) rises on a plateau in the Satpuras at 21°48’ : 78°15’.
1t flows through the Betul district and Berar, part of ifs valley being very
narrow and overhung by steep cliffs. It is joined by the Purna tributary
just before entering Khandesh. The last part of the course is through the
plains of Surat. The total length of the river is only 435 miles, the last
30 miles of which are tidal.
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The Luni (Lavanavari) rises in the Aravallis to the south-west of Ajmer,
and flows through a semi-arid tract more or less parallel to and west of
the Aravallis. Its length is 200 miles, ending on the Sahni marshes north
of the Rann of Kutch. There are several tributaries, including the Sarsuti
which rises from the Pushkar Lake. The river contains water only during
the rains. The water is sweet only down to Balotra a few miles from Pach-
bhadra lake, but becomes increasingly saline thereafter. Its waters are
conserved by means of several dams of which the largest is ncar Bilara.

The Banas rises north-west of Mt. Abu and flows through Palanpur
into the Little Rann after a course of 170 miles.

The Sabarmati rises in the Mewar hills and enters the sea at the head
of the Gulf of Cambay after a course of 200 miles. Its major tributaries
are the Sabar and the Hathmati coming from Idar and Mahikantha res-
pectively.

The Mabhi rises in Gwalior and flows through Dhar, Jhabua, Ratlam
and Gujarat into the Gulf of Cambay. It is 350 miles long, the last 40 miles
being tidal.

Notes on the other rivers of the Peninsula, which flow into the Ganges
in the plains of Uttar Pradesh and Bihar, will be found under the Ganges
river system.

WATERFALLS

There are nurherous waterfalls in the Western Ghats, many of them
small, only 20 or 30 feet high and generally found in the courses of the
westerly flowing streams. The Jog falls (Gersoppa) on the Sharavati
river on the borders of Mysore and Bombay comprise four magnificent
falls called Raja, Rocket, Roarer and Dame Blanche arranged on a curve
and having a sheer drop of 850 feet. The Sivasamudram falls on the
Cauvery, a series of cascades about 300 feet high, are well-known since
they were the first falls in India to be harnessed for power. The Pykara
falls in the Nilgiris are a series of cascades which have also been utilised
for hydro-electric power. The Gokak falls (180 feet) on the Gokak River
are near Belgaum. The Yenna falls near Mahabaleshwar have a drop of
600 feet.

The southern Tons (Tamasa) leaves the Vindhyan plateau in a series
of beautiful waterfalls the best known of which is the Behar fall which
when in flood presents a solid sheet of water 600 feet wide and 370 feet high.
There are several cascades in the course of the Chambal above Kotah, the
largest being 60 feet high. Various cascades and waterfalls mark the
course of the Sone and the Betwa, particularly where they pass the
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Vindhyan sandstoncs. The Dhuandhara falls, in the well-known Marble
Rocks near Jabalpur, though only 30 feet high, are very picturesque
and well-known, Two other falls in this river, each 40 feet high are found
near Mandhar and Punasa. The Krishna river during the floods is a rushing
torrent descending some 410 feet within a horizontal distance of 3 miles
near Echampet in Raichur district, Andhra Pradesh. The waters form a
series of cascades over granite ledges and are churned into huge clouds of
spray, providing a wonderful sight.

The Western Ghats form the major watershed of the Peninsula but
the Vindhyan plateau in the north acts as another watershed which se-
parates the Ganges basin from the Peninsula. The rivers in the Western
Ghats show a comparatively early stage of development marked by cas-
cades and waterfalls, but in the plains they show maturity of development.
This is thought to be due to the rejuvenation of the Ghats by an upward
tilt connected in some way with the faulting of the Arabian Sea Coast,
and probably also by block uplift of the region during the Middle Tertiary.

The larger rivers flowing into the Bay of Bengal have built up deltas
but the smaller ones do not bring in enough sediments to resist the removal
by the prevalent coastal currents. Those flowing into the Arabian sea
are short and do not contribute much sediment to be able to form deltas.
The Narmada and Tapi are the only large rivers to flow westwards though
rising in the central part of India. Their courses are determined by a
rift or fault zone and contain a large thickness of Pleistocene and recent
alluvium. There is evidence that the Narmada formerly flowed more
towards the south-west in Kandesh and was joined by the Tapi. The
courses of these two rivers are now separate. The absence of an extensive
delta at their mouths is due to the fact that the sediments brought by
them are removed by the strong S.W. monsoon currents partly to silt up
the Gulf of Cambay and partly to spread over the wide continental shelf
in front of the Bombay coast.

Extra-Peninsular Rivers

Between Hazara in the north-west and the Chinese Frontier in the
north-east, the Himalayas give rise to some 20 important rivers. They
rise from the Great Himalaya, Karakoram, Ladakh, Zanskar, Kailas and
Trans-Himalaya ranges and ultimately join together to form the three great
river systems of the Indus, Ganges and Brahmaputra, after cutting through
the mountains. The head-streams are generally snow-fed from the great
glaciers of these mountains and have precipitous and picturesque courses.
It is remarkable that though the Indus, Sutlej and Tsang-po rise in the
Mount Kailas neighbourhood they flow in very different directions to
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reach the plains. They are described here briefly and the reader may
obtain much interesting information on them from the work of Burrard
and Hayden.

THE INDUS SYSTEM

The Indus (Sanskrit : Stndhu) is the westernmost of the Himalayan
rivers and its Sanskrit name, which also means the sea, is perhaps in allusion
to its vast size when in flood. It is also possible that a large part of its
present delta in Sind and south-western Punjab was, during the Vedic
times, an arm of the Sea or a broad estuary, which was gradually filled up
and became dry land only in recent centuries. It is one of the mightiest
rivers of the world, draining the glaciers and mountain slopes of many
famous peaks like Aling Kangri (24,000 feet), Tirich Mir (25,230 feet),
Gasherbrum (26,470 feet), Masherbrum (25,660 feet), K? (28,250 feet), Raka-
poshi (25,550 feet), Nanga Parbat (26,620 feet), etc. and receiving a galaxy
of great rivers as its tributaries. It has a total length of over 1,800 miles
and the drainage basin is estimated to have an area of 373,000 sq. miles.
Its name in Tibet is Stngi Khambab (Lion’s mouth) which is also the name
of the original northern tributary at the source, at an altitude of 16,941
feet in a glacier near Bokhar Chu (31° 15 : 81° 40’) in the Trans-Himalaya
Range north-east of Mt. Kailas (22,028 feet). The southern tributary
which also rises in this region is called Gartang Chu. It flows for about
180 miles over a flat country along the inner (northern) flank of the Ladakh
Range. Then it cuts across that Range at Thangra and flows along the
outer flank for another 300 miles. Near Skardu (altitude 8,900 feet) it
cuts the Ladakh Range again, resuming the general trend of its course on
the other side. After circling round the Nanga Parbat (26,620 feet) it
flows south-west through Hazara towards the plains of the Punjab. The
exit of the Indus from the main Himalayan range is through a comparatively
broad valley in contrast with the great gorge of the Brahmaputra at the
other end in Assam.

The chief tributaries of the Indus are the Zanskar which rises on the
Zanskar Range, cuts through it and joins below Leh ; the Dras River which
comes from the northern side of Zojila Pass and the plains of Deosai ; the
Shyok which rises on the northern side of the Karakoram Range and cuts
across to the south and joins the Indus near Kiris ; the Shigar which
drains the southern slopes of K* and the Biafo and Baltoro glaciers ; the
Gilgit (with its Hunza tributary) which rises behind and cuts through the

Karakoram range.
The Indus is a large river over 500 feet wide and 10 feet deep at Skardu,

even in winter, It passes through Gut in Chitral, and then traverses 120
miles of the wild territory of Kohistan, entering the N.W. Frontier Province
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near Darband. At Attock, 860 miles from the source and 940 miles from
the mouth, it receives the Kabul tributary flowing in from Afghanistan
and then flows due south. Here the bed of the Indus is 2,000 feet above
the sea level and its width varies from 100 to 250 yards according to the
season. Below Attock, the Haroh and Sohan (Soan) rivers join the Indus.
At the confluence of the Punjab rivers near Mithankot it is 600 yards wide
and its normal discharge is about 25,000 cusecs which increases in flood
time to about a million cusecs. This confluence is 280 feet above sea
level and 490 miles from the sea. The river sometimes rises as much as
20 or 22 fect in flood. The delta, which is 3,000 sq. miles in extent, contains
several old channels and is entirely flat with practically no large trees.

The main channel of the river formerly flowed down the middle of
the Thal. In 1800 the Indus divided into two streams at the head of the
delta. In 1819, one of the channels (the Khedewari) was closed as a result
of an earthquake. Its channels have been shifting every few years and
many towns which once flourished in its banks e.g., Ghorabari, Keti, Bhiman-
jopura, have been abandoned. In fact, practically the whole of its course
below Attock, except small stretches near Sukkur and Kotri, changes from
time to time. The frequent and recurring floods, such as those of 1833 and
1858, cause much havoc. The barrage at Sukkur which was opened in
1932 has contributed much to the conservation of the waters and their
distribution by a canal system which commands more than two million
acres of cultivated land.

The Jhelum (Sanskrit : Vitasta) rises in a spring of deep blue water
at Seshanag at the head of its Lidar tributary. It flows for 70 miles in a
north-west direction when it enters the Wular Lake. Its basin here Hes
between the Great Himalayan Range and the Pir Panjal. Below Srinagar
it is joined by the Sind River. From Baramula it flows through a narrow
defile known as Basmangal, 7,000 feet deep with very steep sides. At
Uri, below this defile, it runs parallel to the Pir Panjal to Muzaffarabad
where it is joined by the Kishenganga which drains Hazara. After emerging
from Jammu it flows past Pind Dadankhan and Bhera and is joined by the
Chenab at Trimmu, the total length of the river being 450 miles. The
Jhelum is an important river in Kashmir for it is the main water-way and
fosters much trade.

The Chenab (Sanskrit : Asikni or Chandrabhaga) : The two tribu-
taries of this river at the source are the Chandra and Bhaga which rise on
the opposite sides of Baralacha Pass (16,000 feet) in Lahaul. The Chandra
is a stream of good size though it flows through a snow-clad barren unin-
habited country. The Bhaga is a precipitous stream. They join at Tandi
and then flow through Chamba State in a north-westerly direction for
100 miles in the trough between the Great Himalaya and the Pir Panjal,
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on the same alignment as the Jhelum in the Kashmir Valley. De Terra
states that there is evidence that the Jhelum originally flowed in a south-
east direction (reverse to the present direction) into the Chenab valley.
This is supported by the fact that several of the present tributaries of the
Jhelum join it in a direction opposite to the present course. Moreover,
the Chenab valley shows greater maturity of topography than the Jhelum
valley, and is evidently older in age than the latest uplift of the Himalayas
in Pleistocene. The Chenab makes a very sharp knee-bend at Kishtwar
(similar to that of the Kishenganga at Shardi, the Indus at Bunji, the
Jhelum at Wular and the Ravi at Chamba) and flows across the Pir Panjal
through a fine gorge. It leaves the Himalayas at Akhnur, 180 miles below
Kishtwar and 400 miles from the sources, the average gradient being 26 feet
per mile. There is evidence that the Chenab flowed to the east of Multan
before 1245 A.D. The Beas then occupied its old bed passing by Dipalpur.
The Jhelum, Chenab and Ravi met to the north-east of Multan and after
flowing east of that place joined the Beas ultimately near Uch, 28 miles
south of Multan. By 1397 A.D., the Chenab had changed its course to
the present one which is to the west of Multan.

The Ravi (Sanskrit : Parushni or Iravati), though the smallest river
of the Punjab, is well-known as the river of Lahore. It rises in the moun-
tains of the Bangahal basin draining the northern slopes of the Dhauladhar
Range and the southern slopes of Pir Panjal. It leaves the basin through
an inaccessible gorge with perpendicular sides and flows through Chamba
State in a north-westerly direction parallel to the Dhauladhar Range
cutting through that range a few miles to the north-west of Dalhousie.
1t leaves the mountains at Basaoli after a course of 130 miles during which
it drops by 15,000 feet in altitude (115 feet per mile). It finally joins the
Chenab at 30° 31’ : 71°51’, the total length up to this junction being 450
miles.

The Beas (Sanskrit : Vipasa or Argikiya) rises on the southern face
of the Rohtang Pass in Kulu not far from the source of the Ravi. Barely
six miles from its source it passes through a gorge at Koti, which is a chasm
barely 20 feet wide and 300 yards long. It cuts through the Dhauladhar
Range by another gorge near Larji, and then flows through Kulu, Mandi
and Kangra. It finally passes through Kapurthala and Amritsar and
joins the Sutlej in the south-west corner of Kapurthala after a total length
of 290 miles. The old course of the Beas can be traced from its present
junction with the Sutlej through the Lahore and Montgomery districts to
where it originally used to join the Chenab near Shujabad before the Chenab
turned westwards.

The Sutlej (Sanskrit : Satadru or Satudri) rises near the Manasarowar
Lake at a height of 15,200 feet. According to Swami Pranavananda, its
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name in Tibet is Langchen Khambab and it rises in the glacial springs of
Dulchu Khambab, 22 miles west of Parkha which is an jimportant trading
centre between Kailas and Manasarowar. In Tibet it has a very narrow
basin between the Giri River on the east and the Beas on the west whose
beds are, however, at an elevation of 600 to 700 feet above the level of
the Sutlej. It is very likely that the stream which periodically flows con-
necting the Manasarowar and Rakshas Lakes is connected with the Sutlej
underground. The river also receives waters from the southern glaciers
of Mt. Kailas and the northern glaciers of Mt. Kamet. The peak Riwo
Phargyul is in its basin.

From Rakshas Lake to Shipki, the Sutlej flows north-westwards
through the Province of Ngari Khorsum which is at an elevation of 14,000—
15,000 feet above sea level. The valley here is filled with thick recent
alluvium and gravels. In this region the Sutlej has cut a deep and extra-
ordinary canyon which is 3,000 feet deep in places and bears comparison
with the Grand Canyon of Colorado. As this region is"dry, it has not
been subjected to erosion and smoothening by water. It is joined by a
few tributaries which have also cut steep-sided canyons through which
they flow. It cuts through the Zanskar Range near Shipki, barely 4} miles
from the Peak of Riwo Phargyul (22,210 feet), the bed being at an elevation
of 10,000 feet above sea level. Ten miles below Shipki, the right bank
of the Sutlej rises as a perpendicular wall of rock to a height of 6,000 to
7,000 feet from the river bed.

The main tributary of the Sutlej is the Spiti River which drains a large
area beyond the Central Himalayan Range. It has also cut deep into
the rocks of the country of Kulu and Himachal Pradesh through which
it flows. From the junction with the Spiti River in Kanaur (Bashahr),
the Sutlej is a rushing torrent right down to the plains, for it descends
through an elevation of something like 8,000 feet in this stretch, with
an average fall of 30 to 35 feet per mile. There are several river terraces
in this region which show that originally there were some lakes along the
course of the river. The Sutlej crosses the Dhauladhar Range near Rampur
through a narrow gorge. It is deflected several times in its course by the
Siwalik Ranges and leaves them at Rupar. The river joins the Beas in
the south-west corner or Kapurthala and the combined river joins the
Indus near Mithankot. The total length of the Sutlej is about 900 miles.
It is known that formerly, before the 11th Century, it did not join the Indus
system, but flowed into the Sarasvati (Hakra or Ghaggar) in Bikaner
through one or more of its several old channels. The oldest was the old
Sirhind channel between Sirsa and Bhatnair and the later ones the three
Naiwals. From Sirsa the channel can be traced back to Tohana and
thence very indistinctly to Rupar.
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THE SARASVATI

The Sarasvati rises in the Siwalik hills of Sirmur on the borders of the
Ambeala district in the region of the junction of the talus fans of the Yamuna
on the east and the Sutlej on the west, and enters the plains at Adhbadri.
It disappears in the sands after passing by Bhawanipur and Balchhapar
but reappears after a short distance, flowing through Karnal. The Ghaggar
which also rises in the same region (near 30° 4’ : 77° 12) joins it at Rasula
in Patiala after a course of 110 miles. Further on, the river is called the
Hakra or Sotar whose dry bed is of considerable size and must have once
contained a large river. It is lost in the sands near Hanumangarh (Bhat-
nair) in Bikaner. Near Bhatnair, it is joined by the Chitrang (also mostly
dry) from the east ; this stream which can be traced north-eastward
almost up to the Yamuna, was probably an old channel of the Yamuna
flowing towards Bikaner to join the Sarasvati. Between Bhatnair and
Sirsa (a corrupt form of ‘ Sarasvati’) it is joined by the Sirhind or Wah
which can be traced back nearly to Rupar near which place the Sutlej
emerges from the Himalayan foothills. This must originally have been
the main channel of the Sutlej until it was abandoned by that river. There
are at least three other old channels from the north, all called the Naiwals,
joining it near Kurrulwala (29° 33’ : 73° 52), which can also be traced back
to the Sutlej. !

The old bed of the Hakra (or Sotar) for over 100 miles in Bikaner
territory is 3 to 5 miles wide and consists of dark, rich, loamy soil in marked
contrast with the sandy soil on either side and on both the banks. The
local people still call this channel the Sarasvati. The vegetation on the
loamy soil on the banks has prevented the old bed from being overwhelmed
by the drifting sands from the desert. On both banks of the river there
are numerous mounds containing abundant evidences of prehistoric and
early historic settlements. These mounds are small near Hanumangarh
but larger and fewer near Sutargarh and further west. The mounds,
which have been investigated by Sir Aurel Stein and by the officers of the
Archaeological Survey of India, have revealed temples, dwellings, potsherds
and other objects of the Mohenjo-Daro type-(third millenium B.C.) and of
later periods. This channel can be very clearly followed through Mirgarh,
Dilawar etc., in Bahawalpur (where it is known as Hakra or Wahind) into
the channel of the Eastern Nara in Sind which leads into the Rann of Kutch.
“This is distinct from, and east of, the old channels of the Indus river. When
the Sarasvati was a live river, it must have irrigated an area of perhaps
over 7,000 sq. miles of what is now practically a desert.

The Sarasvati has been described in Vedic literature (probably 5,000 B.C.
or earlier) as a great river—greater even than the Indus and the Ganges.
Between that and the time of Manu and the Mahabharata its upper course
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had dried up, probably because of the easterly diversion of the waters of
the Yamuna. The lower course in Bikaner, Bahawalpur and Sind conti-
nued to be well watered, for during the invasion of Alexander of Macedon
in the fourth century B.C. and of the Arabs in the ninth century A.D.,
the Rann of Kutch was a fairly deep gulf, and ships moved up the river
into Sind. In Todd’s ‘Annals of Rajasthan’ it is stated that the Hakra
in Bikaner became dry for the first time about the year 1044 A.D.

There seems to be little doubt that the major part of the waters of
the Sarasvati (Hakra, Sotar or Wahind) was derived from the Sutlej which
as Sirhind originally joined it between Bhatnair and Sirsa, and later as
one of the Naiwals near Kurrulwala and Wullur. There is historical
evidence in the writings of the Greeks and the Arabs that the Sutlej was
not a Punjab river until about 1200 A.D., when it abandoned its southerly
course and joined the Beas. The Beas below this junction is still known
to the local people as the Beas, though Sutlej is undoubtedly the greater
river. Before that, during the earlier centuries of the Christian era, the
Beas flowed in a channel now dry and lving to the north of the present
joint course of the Beas-Sutlej.

Little is known about the details of the geological history of the Sirmur
region where the Sarasvati and the Ghaggar rise. In view of the fact
that the Himalayan region has been experiencing uplift in the Pleistocene
and perhaps even after man had appeared, it would be interesting to know
whether the Sarasvati originally derived its waters from the Himalayas
beyond the Siwalik Zone and whether the old drainage was cut off by the
subsequent rise of the Siwalik hills and by other changes.

THE GANGES SYSTEM

The term * Ganges ’ is a corrupt form, used by the Greek historians,
of the Sanskrit name ‘ Ganga’ by which the river is known throughout
India and in the lands where Indian civilisation had spread. Its drainage
basin covers one of the most thickly populated regions of the world where
the Indo-Aryan civilisation has flourished for many centuries. It comprises
the Ganges and many important affluents, such as the Yamuna (Jamuna),
Kali, Karnali, Ramganga, Gandak and the Kosi, all of which rise in the
Himalayas and are mainly snow-fed. On the side of the Peninsula the
tributaries are the Chambal, Betwa, Tons, Ken, Sone etc., which rise from
the highlands of the central part of India.

The Ganges proper is formed of two tributaries called the Bhagirathi
and the Alaknanda. The latter is the larger river and is itself formed
from the confluence of the Dhauli, which rises in the Zanskar Range near
Niti Pass and receives numerous streams draining the northern and the
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western slopes of Nanda Devi, and the Vishnu-Ganga which rises on Mount
Kamet (25,447 feet) behind Badrinath ncar the Mana Pass. The Dhauli
and the Vishnu-Ganga join together at Joshimath, also called Vishnu
Prayag (the word ‘ Prayag’ denoting in Sanskrit the junction of two
rivers). The Alaknanda then flows through a mighty gorge across the
central Himalayan range between the peaks Nanda Devi (25,645 feet) and
Badrinath (23,190 feet). The Pindar River, which gathers its waters from
Nanda Devi and East Trisul (22,320 feet) joins the Alaknanda at Karna
Prayag. The Mandakini or Kali Ganga joins it at Rudra Prayag, south of
Badrinath and Kedarnath (22,770 feet). The Nandakna joins the Pindar
River at Nanda Prayag to the west of the Trisul mountain. The junction
of the Alaknanda and the Bhagirathi is called Deva Prayag, to the north
of the Mussoorie Hills, which the river crosses before passing into the Siwalik
Ranges of Dehra Dun and Hardwar.

The Bhagirathi is accepted traditionally as the original Ganga, though,
as mentioned above, the Alaknanda is the larger river. The actual source
of the former is in the Gangotri glacier (which is 16 miles long) some distance
north of Kedarnath at a point called Gaumukh (30° 56’ : 79° 4}') at an
altitude of 12,800 feet. The Gangotri shrine is a few miles down the stream
from Gaumukh. The Bhagirathi joins its western tributary called the
Jahnavi some distance to the North of main Himalayan range and about 7
miles below the Gangotri temple. The combined river then cuts through
the main Himalayan range between Bandarpunch (20,720 feet) and Sri-
kanta (20,120 feet) through a magnificent gorge in which the river bed is
13,000 feet below the peaks on either side (Griesbach, Memoirs, G.S.I.,
Vol. XXIII, p. 197, 1891). This gorge is said to be a slitlike opening in
the rocks with practically vertical sides reaching down 600 feet to the bed
of the river.

The Yamuna (Jamuna or Jumna), the western most river of the Ganges
system, rises on the western slopes of Bandarpunch in the Jamnotri glacier
and passes by the Jamnotri shrine at the foot of that mountain. It is
later joined by the Tons River behind the Mussoorie Hills and then breaks
through these hills to be joined by the Giri and Asan Rivers, which drain
the area between the Bandarpunch and Chor peaks. The Yamuna emerges
from the Mussooric Hills into the plains where it flows in a broad curve by
Delhi, Mathura and Agra to join the Ganges at Allahabad (Prayag). Its
tributaries in the plains are the Chambal and the Sind which join it below
Etawah, the Betwa at Hamirpur and the Ken above Allahabad. Its
total length to Allahabad (Prayag) where it joins the Ganges is 860 miles.
There is some reason to believe that the Yamuna might possibly have
flowed to the south and south-west into Rajasthan or, at any rate, shared
its waters with the Sarasvati, which was undoubtedly a large river during
the Vedic times.
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The Ramganga is a comparatively small river rising on the southern
side of the main range between the Ganges and Kali basins. Its principal
tributary is the Kosila which joins it only in the plains. The river is
deflected to the south-east by the Siwalik hills which it cuts through before
emerging into the plains.

The Kali (Kaliganga or Sarda) rises in the Milam glacier where it is
called the Goriganga. A few streams contributing to its waters rise in
Kungri Bingri, Lipulekh and other peaks nearby. These are to the north
of the main Himalayan range and drain the area between Nanda Devi and
Apinampa (23,399 feet). The two major tributaries of the Kali are the
Dharma and Lissar which flow in a S.S.E. direction parallel to it before
joining it. The combined stream is later joined by Sarju and the Eastern
Ramganga at Pacheswar. The Sarju tributary flows from the N.W. to S.E.
on the same line as the Pindar which is further to the north-west and is a
tributary of the Ganges. From the junction at Pacheswar, the river is
called the Sarda or Sarju. After emerging into the plains at Barmdeo,
it splits up into two or more channels. The Sarda joins the Gogra at
Bahramghat.

The Karnali which is called the Kauriala in the mountains, becomes
the Gogra in the plains. It rises in the glaciers of Mapchachungo, north-
west of Taklakot, draining the western and the southern flanks of Mount
Gurla Mandhata (25,355 feet), where its basin adjoins that of the Sutlej.
It then flows in a south-easterly direction and cuts across the main Hima-
layan Range in a south-westerly direction. Before traversing the main
range, this stream and its tributary drain a large tract, 100 miles long to
the south of the Brahmaputra basin. Its gorge through the great
Himalayan Range is deep and picturesque. After flowing 50 miles in a
south-westerly direction, it is joined by the Tila and executes a remark-
able hair-pin bend turning towards the west at about Latitude 28° 30’ and
Longitude 81° 30’. It is then joined by the Seti River just east of Api
and cuts through the Mahabharat Range and receives the Beri tributary,
which rises near the Diji Pass and drains the area to the west of Dhaulagiri
(26,795 feet). The passage through the Siwalik Hills is through a pictures-
que gorge known as Shishapani with precipitous sides 2,000 feet high and
through a series of fine rapids. In the plains it is joined by the Sarda
(Sarju) at Bahramghat and acquires the name of Gogra, which is a corrup-
tion of the word ‘Gharghara’ meaning ‘rattling’ or ‘laughing’. It
passes through Oudh (Ayodhya) and finally joins the Ganges at Chapra a
little above Dinapore. This is the Sarju (Sarayu) of the epic Ramayana.
Its maximum flood discharge is said to be a little short of one million cusecs.

The Gandak (Sanskrit : Sadanira) is also called the Saligrami in
Nepal, and the Narayani in the plains. The name in Nepal is apparently
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due to its bringing down a large number of saligrams (ammonite fossils)
from the Spiti Shales of Jurassic age. In the mountains it drains the
area between Dhaulagiri and Gosainthan. Its two main tributaries are
the Kaligandak rising close to Photu Pass near Muktinath, and the Trisul-
ganga. The Kaligandak cuts across the great Himalayas by a gorge and
is later deflected east to west by the Mahabharat Range. The other
tributary, Trisulganga, rises to the north of Gosainthan (26,291 feet) and
then flows south-west through the main Himalayan Range. It is then
joined by the Buri Gandak and Marsyandi. The combined river (the
Gandak) then cuts through the Mahabharat Range and finally emerges
through the Siwalik Ranges at Tribeni. It joins the Ganges near Patna.
In the plains there are evidences of the river having frequently changed
its course.

The Kosi (Sanskrit : Kausika) is the largest of the tributaries of the
Ganges, said to be next only to the Indus and the Brahmaputra in size
and in the volume of its discharge. It drains the area between Gosainthan
and Kanchenjunga in the Himalayas. The main stream, the Arun (called
Phungchu in Tibet), rises to the north of Gosainthan and flows south-west
for nearly 200 miles in a fairly flat stretch just to the south of the Brahma-
putra basin and of the Ladakh Range. This region is called the Dingri
Maidan, composed of Spiti Shales, through which the river meanders. It
is joined by the Yaru River from the east, the combined stream then flowing
south between Mount Everest (29,002 feet) on the west and the Kanchen-
junga (28,146 feet) on the east, receiving numerous small tributaries from
the glaciers of these mountains. After cutting through the main Himala-
yan Range it is joined by the Sun Kosi from the west of the Tamur Kosi
from the east.%The former is composed of several tributaries, viz., the
Indravati, Bhote Kosi, Tamba Kosi, Likhu, Dudh Kosi and others. The
“Bhote Kosi rises at Thanglang, a few miles south of the upper reaches of
the Arun. It cuts through the main Himalayan Range by a vertical-
sided chasm 1,500 feet deep and only 75 feet to 100 feet wide. The Dudh
Kosi rises between Mounts Gaurishankar and Everest. The Tamur Kosi
rises on the western slopes of the Kanchenjunga and traverses the main
Himalayan Range by a comparatively broad valley, in contrast with several
other rivers which have cut narrow gorges.

The Sun Kosi and the Tamur Kosi run for a fairly long distance parallel
to and north of the Mahabharat Range and join the Arun at Dangkera.
The Kosi cuts across the Mahabharat Range and the Siwalik Hills and
emerges into the plains near Chatra. In the plains it is building up a large
delta of its own through which its channels have wandered for centuries.
It is believed that the Kosi originally joined the Mahananda, a river coming
from the Darjeeling Himalayas. It is known that the Kosi flowed by
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Purnea 200 years ago, but its present course is about 100 miles to the west
of that place, having swept over an area of 4,000 sq. miles on which it has
deposited huge quantities of sand and silt. It now joins the Ganges 20
miles west of Manihari but formerly it used to join that river near Manihari
itself. The Kosi is notorious for its frequent and disastrous floods and the
vagaries of its channels. In high flood it is said to have a flow of nearly
one million cusecs loaded with much gravel, sand and silt.

The Chambal rises in Central India near Mhow. It flows through
Bundi, Kotah and Dholpur, finally joining the Yamuna 25 miles east of
Etawah. The total length of the river upto its junction with the Yamuna
is 600 miles. Burrard remarks that, if the criterion of the source of a river
is the distance between the mouth and the farthest point amongst the
sources of its tributaries, then the source of the Ganges will have to be
regarded as identical with that of the Chambal ; but as we have seen,
tradition has decreed the sources of the Ganges to be Gongotri.

The Sind, which is one of the larger rivers of the Northern India,
takes its source near Nainwas in Tonk. It is probably the river Sindhu
mentioned in the epic Vishnupurana. It is a perennial stream but subject
to sudden floods. It joins the Yamuna a little to the north of Jagmanpur.

The Betwa (Sanskrit : Vefravati) rises a few miles south-west of
Bhopal City and flows through Sanchi, Gwalior, Jhansi and Orchha. It
flows through the Vindhyans in its upper reaches and through a granitic
country further down. It joins the Yamuna at Hamirpur, some 30 miles
south of Kanpur (Cawnpore).

The Ken (Sanskrit : Karnavati) rises on the northern slopes of the
Kaimur Hills and flows through Bundelkhand before it joins the Yamuna
near Banda.

The Southern Tons (Sanskrit : Tamasa) rises in the Kaimur Range
in Maihar. It leaves the plateau in a series of waterfalls, the largest of which
is called Bihar which, when full, 1s a sheet of water 600 feet broad and
370 feet high. One of its tributaries the Belan, has also a waterfall 100 feet
high. The Tons joins the Ganges near Sirsa, a little below Allahabad.

The Sone (Sanskrit : Swarna nadi) is a large river rising on the
Amarkantak plateau not far from the source of the Narmada. It flows
in a north-westerly direction past Sohagpur through Rewa and Baghel-
khand, along the foot of the Vindhyan scarp, in a narrow channel through a
wild country. It has several tributaries—the Mahanadi, Banas, Gopat,
Rihand, Kunhar, etc. In the plains of Bihar its bed is as wide as three
miles. During the rains the river rises to huge proportions and the maximum
discharge has been estimated at three-quarter million cusecs.
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About 1,000 years ago the Sone joined the Ganges a little below Patna.
Since then it has been gradually receding westwards. About 1750 A.D.
its junction was at Maner, but now it is 10 miles further up the Ganges.
The length of the river from its source to its junction with the Ganges
is 485 miles and its drainage basin has an arca of 21,000 sq. miles.

The Mahananda rises in the Darjeeling Himalayas near 26° 56" :
88° 20". It emerges into the plains near Siliguri and after passing through
Purnea and Malda, joins the Ganges near Godagiri.

The Delta of the Ganges begins near Gaur, a famous old historic city.
TRe~present main branch of the river flows in a south-easterly direction
and is called the Padma. It flows past Pabna and Goalundo and is then
joined by the Jamuna which is the major channel of the Brahmaputra.
The total length of the Ganges from its source in Gangotri to the mouths
in the Bay of Bengal is 1,557 miles. A few centuries ago the main channel
of the Ganges in Bengal was the Hooghly together with its feeders, the
Bhagirathi, Jalangi and Mathabhanga, which are called the Nadia Rivers.
‘The Bhagirathi is known to have been the main channel originally, for on
its banks stand the various former capitals of Bengal such as Gaur, Pandua,
Nabadwip and Satgaon (Saptagram). The former main course of the
river, known as the Sarasvati, left the Hooghly at Satgaon and had a more
westerly course and rejoined the Hooghly at Sankrail, a few miles below
Calcutta. Ocean going ships used to sail up the Sarasvati to Satgaon and
Tribeni until some 450 years ago. Formerly, the Damodar joined the
Hooghly at Nayasarai, 39 miles above Calcutta and contributed to the
flushing of the Hooghly and keeping its channel deep. But by 1770 the
Damodar changed its course and joined the Hooghly at Falta 35 miles
below Calcutta. It was after the Sarasvati channel was abandoned by
the Hooghly that the trading settlements of the Portuguese. Dutch and
French and Danes were established at Hooghly, Chinsurah, Chandranagore
and Serampore (Srirampore). After the Damodar changed its course,
the Hooghly at and above Calcutta has been shoaling up.

Formerly the Hooghly flowed south-east from Calcu% near the exit
of the present Tolly’s nullah and joined the sea near Sagar island. This
channel, called the Adiganga, can be picked up now as a series of ponds
and pools across the 24-Parganas up to near Sagar Island. On its banks
stood the sacred Kali temple at Kalighat and also several other places
which are still considered sacred. Now the Hooghly flows S.S.W. from
Calcutta and then turns south-east towards Sagar island.

The Hooghly estuary is notorious for its sand banks and dangerous
shoals of which the James and Mary Sands, 35 miles below Calcutta and
between the mouths of the Damodar and Rupnarain, are well-known.
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New areas are being reclaimed by the sediments brought down by the
Ganges. These are known as the Sundarbans, which are extensive swampy:
flats forming the lowest portions of the Delta.

THE BRAHMAPUTRA SYSTEM

The Brahmaputra : The source of the Brahmaputra, which is
called Tsang-po in Tibet, is at Tamchok Khambab Chorten in the Chema-
yung-dung glacicr, approximately at 31° 30’ : 82° 0’, some 92 miles from
Parkha (an important trading centre between the Manasarowar lake and
Mount Kailas) and near the source of the Karnali and the Sutlej. It has
a long course through the comparatively dry and flat region of southern
Tibet before it breaks through the Himalayas near the peak Namcha Barwa’
(25,445 feet). Its chief tributaries in India are Amochu, Raidak, Sankosh,
Manas, Bhareli, Subansiri, Dibang and Luhit {(Zayul). The several tri-
butaries in Tibet are derived partly from a low range between the main
Himalaya and the Tsang-po and partly from the Nyen-Chen-Tanghla Range
to the north of the Tsang-po. The total length of the river from the source:
in south-western Tibet to the mouth in the Bay of Bengal is 1,800 miles. .

e

The Brahmaputra is known as the Dihang in the Assam Himalaya
before it comes into the plains. The Dibang and Luhit meet it from the'
east near Sadiya. The Dibang drains the Himalayas east of the Dihang
while the Luhit drains an area between Assam and Burma.

The course of the Tsang-po in Tibet is through a plain but it has not
been deeply cut into as is the case with the course of the Indus and Sutlej
in western Tibet. It is quite a sluggish river south of Lhasa. The elevation
of its bed is 14,840 feet at Tradom ; 11,840 feet at Shigatse ; 8,000 feet
at Gyela Sindong near Namcha Barwa ; but only 442 feet at Sadiya in
N.E. Assam.

Jts course in Tibet from the source to where it enters the central
Himalayan range near Namcha Barwa is 1,000 miles long. It has three
tributaries above Shamsang, v¢z., Kubi Tsang-po, Chema Yungdung and
Maryum Chu ; the first of these is the Tsang-po proper, which is also much
larger than the other two. All the three rise in the watershed separating
the Tsang-po basin from Lake Manasarowar. Several other tributaries
join it further east. It is noticed that many of these flow in a direction
opposite to the Tsang-po and thishasled to the speculation that the Tsang-po
might originally have flown westwards. Which route it chose is uncertain,
for it may have followed what is now the course of the Kali Gandak or the
Karnali or the Sutlej. According to Burrard, there is some evidence that
the first may be the most likely, for the Phuto Pass (in Ladakh Range)
separating the Kali Gandak and Tsang-po is an extraordinary depression
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barely 250 feet higher than the Tsang-po valley in Tibet. The gorge of the
Kali Gandak through the main range is also too deep to have been cut by
the Kali Gandak which has a very small catchment above the gorge.

The chief westerly flowing tributaries of the Tsang-po are the Kyi
(Lhasa river), Nyang (joining at Shigatse), Rang and Shang. Of those
rising on the south Tibetan watershed, only the Nyang rises in the Central
Himalayan Range north of Chomo Lhari (23,997 feet) and cuts through the
watershed before joining the Tsang-po. The Kyi-chu rises on the Nyen-
Chen-Tanghla Range to the north of the Tsang-po valley. It is the river of
Lhasa and the most important tributary of the Tsang-po. Other tribu-
taries rise on the same range and some even on the Trans-Himalaya Range
further to the north.

The Tsang-po flows for nearly 1,000 miles in Tibet before it makes a
great knee-bend encircling Namcha Barwa and then breaking through the
Himalayas. The bend is just east of longitude 94°. The river has a water-
fall 30 feet high near Pemako Chung. A tributary which joins it near
Gyela has a waterfall 150 feet high called Shingchu-chogye. During its
course through the Himalayas, the river (called here the Dihang) descends
through 7,500 feet, the altitude at Sadiya being only 440 feet above sea
level.

The Raidak rises in the Chomo Lhari mountains and joins the Brah-
maputra at Kurigram, while the Amocku drains the Chumbi valley and
joins the Brahmaputra at Alipur.

The Sankosh is larger and longer than the Amochu and Raidak.
It drains the area between Kula Kangri South peak (24,740 feet) and Chomo
Lhari (23,997 feet). It flows by Punaka where it is 400 yards wide but
narrows down further below to flow through a gorge. It joins the Brahma-
putra at Patamari below Dhubri.

The Manas is formed by the combination of several streams which
join in the outer Himalayas. The main tributary is called Lhobrak or
Kuru-chu by the Tibetans, and it rises on the north-western slopes of Kula
Kangri. It breaks through the main Himalayan Range at Thunkar,
south of Lhakhang Dzong. The bed of this gorge is at an altitude of
10,000 feet and is impassable. After collecting all its tributaries in the
lesser Himalayas, the Manas breaks through the foothill ranges and emerges
into the plains to join the Brahmaputra.

The Subansiri : Very little is known about this river except that it
has tributaries both from the north and south of the main Himalayan
Range. It runs for a distance of 100 miles in the plains before joining the
Brahmaputra at the western end of Sibsagar district. It is said to have
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a long course in the Himalayas, flowing through a series of gorges and
rapids. It separates the Abor from the Miri Hills of the outer Himalayas.

The Dhansiri rises in the Naga Hills and after a course of 180 miles
through Nowgong and Sibsagar, falls into the Brahmaputra below Golaghat.

The Torsa rises at roughly 27° 49’ : 89° 11’ below the Tang Pass.
It flows through the Chumbi valley and Bhutan. It enters the plains in the
Jalpaiguri district and splits into two branches the western one (Charla)
joining the Brahmaputra at 25° 40’ : 89° 44’, after a course of 245 miles,
and the eastern one flowing into the Raidak.

The Tista (Sanskrit : Trishna or Trisrota) rises in Chitamu Lake in
Tibet, (about 28° 2’ : 88° 44’), and is said to have another source below
Kanchenjunga. It joins the Brahmaputra in the Rangpur district of
Bengal. Its tributaries are the Rangpo, Rangit, Rangjo, Ryeng and the
Sivok. It flows through a magnificent gorge known as the Sivok Gola
Pass in the Darjeeling district. It is a wild river in the Darjeeling Hills
where its valley is clothed with dense forest, but its drainage area in the
mountains is only 4,800 sq. miles. In the 1950 floods its flow was estimated
as nearly 0-66 million cusecs. Up to the close of the 18th Century it flowed
into the Ganges, but after the destructive floods of 1787 in which a large
part of the Rangpur district was laid waste, it suddenly turned eastwards
and joined the Brahmaputra. Its tributaries in the plains are the Lish,
Gish, Saldanga, etc. There are many old channels especially in the western
part of the Rangpur district which were occupied by this river formerly,
and the Karatoya through which it joined the Ganges is still known as
the Burhi Tista (Old Tista).

The Jamuna or Janai : This is the name of the present lower section
of the Brahmaputra, from its entry into Bengal to its junction with the

Ganges at 23° 15’ : 89° 45’. On its banks are the towns Tangail, Sirajganj
and Bogra.

The Meghna : This is the name given to the 'course of the original
Brahmaputra after its confluence with the Surma River, from Bhairab
Bazar onwards. It enters the sea by four streams, enclosing several islands.
During floods it expands, into a vast sheet of water. The various streams
constantly shift their courses and navigation in them is always attended
with danger. In the Noakhali district on its eastern side the land is steadily
advancing towards the sea. The Meghna is subject to tides which rise
12 to 18 feet, and also to bores which are often disastrous. The valley of
the Meghna is frequently visited by severe cyclones, some of which work

great havoc. It is said that about 100,000 people perished in the cyclone
of 31st October, 1876.
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The Feni is a short river, 72 miles long, rising in the Chittagong hill
tracts and Tripura. It falls into the Sandwip channel in Noakhali.

The Surma rises on the southern slopes of the mountain range to
the north of Manipur. Its upper part, known as Barak, is marked by steep
banks and several falls. It turns west in the Cachar district through which
it flows down to Badarpur where it separates into two branches which
rejoin at Habiganj. It has numerous small tributaries and its total length
is 560 miles before it joins the Brahmaputra. This river constitutes an
important trade route and on it are situated Silchar, Sylhet, Badarpur,
Sunamganj, etc.

The Brahmaputra in the plains is a mighty river and spreads into a
vast expanse of water. When in flood it brings cown much sediment and a
large amount of vegetation including large trees. There are numerous
islands in its bed and the streams change their course very often. After
traversing the Assam Valley for 450 miles, it sweeps round the Garo Hills,
enters the Rangpur district and flows southwards for nearly 150 miles
before joining the Padma and the Sea. In Bengal, it is locally known as
the Jamuna as far as its junction with the Padma near Goalundo. Originally
the Brahmaputra flowed south-east across the Mymensingh district where it
received the Surma River and directly united with the Meghna, as shown in
Rennell's map of 1785. By the beginning of 19th Century its bed had risen
and it found an outlet further west along its present course. The entire
lower portion of the Brahmaputra consists of a vast network of channels,
which are dry in the cold season but are inundated in the summer and in the
rains. The river is more or less navigable as far up as Dibrugarh, 800 miles
from the mouth, but normally the larger boats can reach only up to Gauhati.

Most of the Himalayan rivers rise in the Great Himalaya or in the
Trans-Himalaya. The fact that the chief watershed is beyond the line
of great peaks is generally cited as evidence in favour of the drainage being
antecedent, or having been in existence before the main phase of upheaval
of the Himalayas occurred. The courses of the rivers, where they cross the
high range, are at right angles to the latter, ¢.e., they have a radial dis-
position with reference to the Himalayan arc.

There are several cases of the recession of the heads of streams in the
mountains by the action both of the streams and the glaciers which feed
‘them. This head erosion has, in some cases, led to the source going to the
northern slopes of the Great Himalaya and capturing the drainage of other
streams. An excellent example of river capture or piracy is furnished by
the Kosi whose tributary, the Arun, drains the northern slopes of the
Great Himalaya of Nepal region. Other examples are found in the Indus
and Ganges systems. Rivers have also inherited the valleys of glaciers
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in many cases ; the tributary streams in these cases are often found in
hanging valleys some scores of feet above the main streams, the junction
being marked by cascades or waterfalls.

RIVERS OF BURMA

The chief rivers of Burma are the Irrawaddy, Chindwin, Sittang and
Salween,

The Irrawaddy rises in Upper Burma near about 29° N. latitude and
has a drainage basin of 160,000 square miles. Yet it is an immense river
when in flood. There are two tributaries, the Nmai Hka and Mali Hka
whose confluence is about 60 miles above Myitkyina. There are three
narrow portions or defiles along the course, the first below- Sinbo, the
second below Bhamo, and the third near Thabeitkyin near the Ruby
Mines district. The river is however navigable up to Bhamo. It flows
through Mandalay and then Pakokku where it is joined by the Chindwin.
Below this junction is the dry belt of Burma and the course runs through
sandstone country amidst its own older terraces. It is thought that the
river entered the sea near Prome about a third of a million years ago, i.e.,

about the end of the Tertiary era, and that the delta below Prome has been
built up since.

The Irrawaddy river system is of Tertiary age, the lower portion
being of post-Pegu age. Its chief tributaries are the Nam-tu and Chindwin.
The Nam-tu is the chief river of the Northern Shan States, rising within a
short distance of the course of the Salween at latitude 23° 20’ N. Its
course south of Meng-tat is through a deep narrow valley. It is joined
first by the Namma and further down by the Namhsin. The course, after
the junction with the latter river, is through a deep gorge (Gogteik gorge)
where a succession of rapids and pools is seen, and in which the stream
may be 2,000 feet below the top of the hills at the sides. After receiving
the waters of the Nam-Hka and Nam-panshe, it leaves the hills about
14 miles to the south-east of Mandalay. The course of the river is entirely
in the Plateau Limestone. There is abundant evidence that this river
has captured its tributaries by head erosion.

The Chindwin river rises at latitude 25° 40’ N. and longitude 97° E.
first flowing northwards and then north-westward through the Hukawng
valley and turning southward. In the Hukawng valley its tributaries are
the Taron and Tawan Hka. It then flows through a rocky gorge and joins
the Irrawaddy near Pakokku. The Uru river which flows through the
jade mines tract is also a tributary of the Chindwin. It is interesting to
note that the Lower Irrawaddy is the direct continuation of the valley
of the Chindwin and that the former inherited this portion from the latter.
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The Sittang rises in the Yamethin district and flows north for some
distance before taking on its southerly course. There appears to be some
support for the view that this river course was formerly that of the Lower
Irrawaddy. As most of the lower part of the river is in a low plain, it
meanders a good deal.

The Salween rises in the Tibetan mountains to the west of the head-
waters of the Mekong and Yang-tse-Kiang all of which have parallel courses
there in proximity to each other. The Salween is a wild river, and its
course through the Shan States is marked by gorges. 1In the early part of
its course it runs parallel to the Irrawaddy and the Mekong. It receives
several tributaries in Yunnan and in the Shan States. The river seems to
traverse Archaean and Palaeozoic rocks throughout its course. It joins
the sea through two branches, one to the west of Moulmein and the other
several miles South of Moulmein.

The narrowness of the drainage basin of the Salween is noteworthy.
It is probable that some of its tributaries have been captured by the other
parallel rivers. Throughout its course, this river shows extraordinary
vitality which has helped to carve its deep gorges.

GEOLOGICAL ACTION OF THE RIVERS

The Peninsular rivers are entirely rainfed so that they are full only
during and immediately after the south-west monsoon, 4.e., from June to
October. They are fairly active in their upper reaches where they generally
flow over a rocky bed and actively erode the bed. They have built deltas
near their mouths where they deposit the load of silt carried from above.
The delta regions are frequently liable to floods where the distributaries
are silted up and are not kept open for carrying away the surplus waters.
The deltas of the Godavari, Krishna, Mahanadi and Cauvery are rich
agricultural tracts and they are gradually reclaiming land from the sea as
is proved by the fact that places which were used as ports for sailing ships
centuries ago are now some distance inland.

Compared to the Peninsular rivers, the three main Himalayan river
systems are mighty giants. The Indus carries to the sea an average of
about a million tons of silt per day, the Ganges a little less and the Brahma-
putra a little more. The Irrawaddy has been estimated to transport about
two-third million tons of silt per day. The Himalayan rivers are fed both
by rain and snow, by rain during June to September and by snow during
the warmer half of the year. In their courses through the mountains they
have good gradients and carry much coarse materials including pebbles
and boulders, brought in by glaciers and also torn off from the beds and
banks. They carry enormous quantities of fine sand and silt derived from
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the Himalayas as well as from the higher peninsular up-lands. Much of
the coarse material is deposited near their debouchure into the plains.
The aggrading action is confined mostly to the lower reaches of the rivers
and the deltas.

CHANGES IN THE COURSE OF RIVERS

The Indus, Ganges and Brahmaputra have changed their courses in
the plains frequently in historic and pre-historic times. Compared to
these the changes in the courses of Peninsular rivers are not so marked.

In North-Western India and the adjoining parts of Palkistan the desert
is gradually encroaching on fertile lands in Rajasthan, Punjab and Sind.
Part of the lower course of the Indus is really a desert. During historic
times many cities and villages on the banks of the Indus have been flooded
out or abandoned because the river had changed its course. There are
numerous pre-historic settlements like Mohenjo-daro which have been
buried in sands and alluvium.

The history of the Sarasvati is exceedingly interesting. The with-
drawal of the waters from the Sutlej, and possibly from the Jamuna, dried
up the Sarasvati which was once a great river which flowed through Bikaner,
Bahawalpur and Sind. In Vedic literature the Sarasvati is given greater
prominence than the Indus and the Ganges. Along its banks, especially
in Bikaner, there are numerous mounds containing remnants of pre-historic
and early historic settlements. It flowed into the Rann of Kutch which
was at that time a fairly deep gulf of the Arabian Sea which permitted the
entry of ocean-going vessels. The Sarasvati and the Ghaggar seem to have
dried up finally about the middle of the 13th century, when there was a
great migration of people as a result of the drought which followed. This
was the third time it did so, for Todd states in his ‘ Annals of Rajasthan’
that the first time the Ghaggar or Hakra became dry was in 1044 A.D.

The Sutlej was originally an independent river not belonging to the
Indus system for it joined the Ghaggar in Bikaner. It abandoned its
course finally in the 13th century and joined the Beas near the south-west
corner of Kapurthala. The Beas also had an old channel which can still
be seen. The combined Sutlej-Beas received the Chenab near Alipur and
the combined stream joined the Indus at Mithankot.

The main channel of the Indus up to 1800 A.D. flowed through the
middle of the Thal. In that year it split up into two channels and one
of these (the Khedewari) which was the main waterway up to 1819 was
blocked by an earthquake. By 1837 the Kakaiwari was the main
stream but this also become blocked in 1867. In 1900 the chief channel
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was the Hajamro. Owing to these frequent changes, many flourishing
cities on its banks have been abandoned or flooded out e.g., Ghorabari,
Keti and Bhimanjopura, etc.

Before the year 1245 A.D., the Jhelum, Chenab and Ravi joined near
Multan, flowing just east of that place, and then joined the Beas cast of
Uch, 28 miles south of Multan. But by the end of the fourteenth century
the Chenab had changed its course to the one which it now occupies to the
west of Multan.

All the Himalayan rivers that debouch into the plains of Northern
India show ample evidence of building deltas in which their courses change
very frequently. The Kosi, for instance, once flowed by the side of Purnea
but is now many miles further west, having swept over an area of 4,000 sq.
miles. It now joins the Ganges about 20 miles to the west of its original
confluence near Manihari. The courses of the Kosi during the last 200 years
are shown in the report of the Advisory Committee on Kosi Project (1952).

The original course of the Ganges in Bengal, about a couple ot cen-
turies ago, was through the Bhagirathi and the Hooghly. But the Hooghly
is now a minor branch, while the Padma flowing through East Bengal
has become the major one. Similarly the Damodar, which used to join
the Hooghly some 35 miles above Calcutta, now meets it several miles below
Calcutta. The Bhagirathi originally flowed through the channel called
Sarasvathi whose course is seen to the west of the modern Hooghly. It
left the Hooghly at Tribeni, 36 miles above Calcutta and rejoined it at
Sankrail, 6 miles below Calcutta. It was an important waterway until
the fifteenth century and on its banks stood Satgaon (Saptagram) which
was a former capital of Bengal and a great centre of trade, as ocean-going
vessels regularly called there. Satgaon lost its importance when the
Sarasvathi abandoned its course.

The Tista was, barely a century and half ago, a tributary of the Ganges,
but after the disastrous floods of 1787 it left its old course and became a
tributary of the Brahmaputra. The Brahmaputra itself originally flowed
to the east of the Madhupur jungle but now joins the Padma much further
west through the channel known as the Jamuna.

Pataliputra which was the capital of the great Maurya and Gupta
empires for nearly 1,000 years until the fifth century A.D. now lies buried
beneath the modern Patna. It is said to have been located at the junction
of five rivers—the Ganges, Gogra, Gandak, Sone and Punpun. It was
destroyed by a series of floods. The junctions of these rivers with the
Ganges are widely separated from each other at the present day.

Gaur at the head of the Ganges delta was a very important and flour-
ishing city between the fifth and sixteenth centuries A D. A swamp is
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said to have formed around the city and caused a great epidemic in the
year 1575 which led to its abandonment.

Floods : All the major rivers of India are liable to floods, especially
in their lower course and in the deltas. Floods in the plains are due to
the high precipitation of rain during a short period when the river channels
are unable to carry the run-off and therefore spread out over the neigh-
bouring area. In the case of the Himalayan rivers the floods are often
due to the formation of barriers in their courses. This may be due to land-
slips, accumulation of vegetation, or glacial moraines. The following may
be given as examples of great floods.

In December 1840 a part of the hillside near the base of the Nanga
Parbat slipped down into the Indus and formed a dam nearly 1,000 feet
in height. A huge lake, 900 feet deep, was said to have been created
behind the dam. This led to the rise of the waters by nearly 300 feet at
Bunji and their extension up to Gilgit town. After six months the water
overflowed the dam which suddenly gave way, emptying the reservoir
within a couple of days. The resulting huge flood affected many places
in the plains, including Attock. This catastrophe of 1841 is still remembered
along the Indus Valley. Similar floods also occurred in 1833 and 1858 in
the Indus. A flood in 1863 completely swept away more than 1,000 acres
of the Dhareja forest in Sind.

The Shyok was in high floods in 1926, 1929 and 1932. It is stated
that in the last mentioned year a dam, 400 feet high and 1,300 feet thick,
was formed by landslip. When the dam burst, the river below it rose
nearly 29 or 30 feet in less than an hour.

In 1893 the Alaknanda tributary of the Ganges was dammed up by
the slip of a hillside near Gohna. The dam burst later and caused a great
flood. Disastrous floods are known to have occurred in the Sutlej in 1819,
in the Chenab in 1790 and in the Ganges in 1893 and so on.

Floods are also caused as a result of obstruction of river courses by
landslips during earthquakes. The terrible floods which followed the 1934

earthquake in North Bihar and the 1950 earthquake in Assam are well-
known.

Floods are brought about by exceptionally heavy rainfall during a
short period when the river channel is unable to cope with the run-off and
the water spills over the banks and spreads over the countryside. ~With
the steady deforestation of the country the soil cover is stripped off by
erosion, percolation is diminished and the run-off is greatly increased,
establishing conditions favourable for floods. Large floods are of such
frequent occurrence in most parts of India that it is scarcely necessary
to enlarge on them.






