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FOREWORD

The first book that the Indian National Committee for Geography
could think of in bringing out on the occasion of the 2Ist International
Geographical Congress was Mountains and Rivers of India, and the
choice of editing the book naturally fell on Dr. Bimala Churn Law, who
had to his credit authorship of two publications of Calcutta Geographical
Society (now Geographical Society of India), besides a large number of
publications on a variety of subjects connected with Ancient Indian
History, Archaeology etc. Dr. Law readily agreed to the proposal, despite
his failing health, and made it possible for its publication without throw-
ing any burden on the meagre financial resources of the National Commi-
ttee for which he deserves sincere thanks.

A plan for the book wasdrawn up and number of persons, eminent
in their respective fields, were requested to contribute papers so as to
make this book as comprehensible as possible. A glance at the names of
authors of various chapters as given in the contents of the book will con-
vince one that every effort was made to get the right type of author for
every chapter who could do justice to the topic he writes about. The
National Committee for Geography expresses its thanks to all who had
helped in bringing out this book, which throws considerable light on our
mountains and rivers.

S. P. CHATTERJEE
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CHAPTER 1

MOUNTAINS OF INDIA AS IN ANCIENT LITERATURE

India abounds in innumerable mountains and hills. An attempt
has been made here to give a connected account of them from the
ancient Indian and Greek sources as well as from the itineraries of the
Chinese pilgrims. The Tirthaydtra Digvijaya sections of the Mahd-
bharata, the Jambukhandavinirmanaparva of the same Epic, the Kiskin-
dhyakdanda of the Ramdyanpa, the Kirmavibhdga section of the Purd-
nas, the Bhuvanakosa, the Jambudipa-varnand, the Brhatsamhitd, the
Parasaratantra and the Atharvaparisista  are greatly helpful in the
study of the subject in question. [Equally important from this point of view
are the Buddhist Nikayas, Jatakas and the Jaina ngama texts.

The two Jain works known as the Jambudivapannatti and the Vividha-
tirthakalpa are really very useful from geographical standpoint. The
accounts of mountains given in the Indika of Megasthenes and in the writings
of Arrian, Strabo, Diodorus, Plutarch and Pliny, as well as in the itineraries
of Fa-Hien and Hiuen Tsang, are no doubt important. The District and
Imperial Gazetteers are also an invaluable aid to the study of the subject.

It must be admitted that the accounts which we get from these sources are
substantially correct.

In Bharatavarsa, the ancient name of the Indian subcontinent, there
were seven Kuldcalas : (1) Mahendra, which is the mountain par excel-
lence of the Kalingas. The hermitage of Jamadagnya existed on this
mountain.! The Bhagavatapurana (X. 79) gives a very accurate des-
cription of the situation of the Mahendra range® (Gayam gatva........
saptagoddvarim vepndm pampdm  Bhimarathim tatah). It appears from
the Puranic description that the Mahendradri was situated between
the Gangdsagarasangama and Saptagoddvari (Bhdgavatap. X. 79). Part
of the Eastern Ghats near Ganjam is still called Mahendra Giri.?
Pargiter thinks that the name should be limited to the hills between
the Mahanadi, Godavari and Wain-Ganga. The classical Sanskrit litera-

1. Bhagavata, X. 79.
2. Cf. Raghuvanisa, VI, 53-54.
3. Wilson, Visnupurana, II. 3. p. 127 n.
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ture seems to agrec with the description of the Bhagavatapurana and hence
with the identification of Pargiter., The Raghuvamsa of Kaliddsa which
refers to the hills more than once (1V, 39, 40, 43 ; VI, 54) seems to locate
the range in the Kalinga country ; so also it seems to be the indication of
Uttara Naisadhacarita (X11. 24) ; (2) Malaya of the Pandyas! ; (3) Sahya
of the Aparintas ;> (4) Suktimat of the peoplc of Bhallita ;3 (5) Rksa
of the people of Mahismati ; * (6) Vindhya of the Atfavyas and other
forest-folks of Central India, and (7) Paripatra or Pariyatra of the Nisadas.5
Dhoyi says that Malaya is situated at a distance of 6 km from Srikhan-
dadri. Kalidasa mentions it in his Raghuvamsa (IV. 46). The Sahya
may bc identified with the northern portion of the Western Ghats.¢ Kalidasa
mentions it in his Raghuvamsa (1V. 52). A minor hill called the
Trikita is connected with tlic Sahya range.” The earliest mention of
the Pdripatra (Pdrivata) is found in the (Dharmasitra of Baudhayana
(1. 1. 25), who refers to it as the southern limit of Aryavarta. It is known
as Po-li-ye-ta-lo to the Chinesc pilgrim, Hiuen Tsang, with a Vaisya king
as its ruler. Some of the rivers had their sources in this mountain, namely,
Vedasmriti, Vedavati, Sindhu, Venva, Sadaniri, Mahi, Carmanvati, Vetra-
vati, Vedisa, Sipra and Avari.® The Pariyatra is the western part of
the Vindhya range extending {rom the sources of the Chambal to the Gulf
of Cambay. It is that portion of the Vindhya range from which the rivers
Chambal and Betwa take their rise.? The Skandapurana refers to it as the
farthest limit of Kumarikhanda, the centre of Bharatavarsa. Pargiter iden-
tifies it with that portion of the modern Vindhya range which is situated
west of Bhopal in central India together with the Aravalli moun-
tains identified with the Apokopa by Ptolemy.!® Rajasekhara in his Kdvya-
mimamsa places thesc seven Kulaparvatas’' in the Kumdridvipa which
refers to the Peninsular India with the Vindhya and the Paripatra as its
northern boundaries.

The Greek Geographer Ptolemy enumerates the following moun-
tain ranges of India : the Apokopa, Sardonyx, Ouindion, Bettigo, Adei-
sathron, Ouxenton, Oroudian, Bepyrrhos, Maiandros, Damassa or

1. Raghuvamia, IV, 46.

2. Ibid., IV. 52.

3. Mbh., 11, 30. 5 ff.

4. Harivamsia, 38. 19,

5. Mbh., X11, 135, 3-5.

6. Pargiter, Markandeyap., p. 285 note,

7. Raghuvanifa, IV, 59,

8. Markandeyap., 59, 19-20.

9. Bhandarkar, Hist. of the Dekkan, Sec. 3.
10. McCrindle, Ancient India as described by Ptolemy, S. N. Majumdar's Ed,

p. 355 ; Markandeyapurana Tv. p. 286, '
11. These are group mountains. Vide Agnituriana, 108. 32,
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Dobassa and Semanthinos. Of these Apokopa (the punishment of the gods)
has been identified with the Aravalli mountains.!. Ouindion has been iden-
tified with the Vindhya, Bettigo with Podigai, the Tamil name of Malaya,
Ouxenton with the Rksavant, Adeisathron with the Sahyadri and the Orou-
dian with the Vaidirya mountain.? Megasthenes says that India possessed
many large and small navigable rivers having their origin in mountains.
The geographer Ptolemy like Megasthenes and Epic and Pauranic
writers groups the Indian rivers according to the mountains and hill ranges
out of which they have emanated. The position of mountain as given
by him is horelessly incorrect but some clue to their identification can be
gathercd in his description of rivers issuing from each mountain. He
seems to have some old traditional list of Indian rivers which he
utilised in his geography, Ptolemy describes the RRksavant as the source of the
Toundis, the Dosaran and the Adamas and the Ouindion as that of
the Namadas and the Nanagouna. The Dosaran has been identified with
the Dasarpna of the Puranas and the Namadas and the Nanagouna
with the Narmada and Tapti respectively. Ptolemy says that the Dosaran
is said to have issued from the Rksa which is so called because it existed
in the locality containing bears3. By the Rksavant he meant the central
region of the modern Vindhya range, north of the Narmada, while
the Ouindion stands for only that portion of the Vindhya wherefrom
the Narmada and the Tapti rise.* The Vindhyapadaparvata® is the
mountain  Sardonyx of Ptolemy. It may be identified with the
Satpura range which is the source of the Tapti. Kalidasa places
the Mandara in tle Himalaya in the vicinity of tke Kailasa and the Gan-
dhamiadana.®’

Ptolemy seems to have come into the possession of somc old tradi-
tional lists of Indian mountains which he madc use of in his geography and
which was utilized later by Epic and Pauranic writers.

Northern India ,

The Himavanta (snowy), mentioned as the parvatardja in an early Bud-
dhist work,” is the only varsaparvata which is placed within the geogra-

1. Ptolemy, Ancient India, 1927 Ed., p. 355.

2. Ibid., p. 356 ; pp. 76 ff; vide Mbh., Vanaparva, lxxxviii, 8343 ; lxxxix,
8354-61 ; JRAS., April, 1894, p. 245,

3. Mbh., XI1I, 49. 76.

4. Law, Geographical Essays, p. 109.

6. Kalidasa mentions it in his Meghadita (Pirvamegha, 19). The Maha-
bharata calls it the Vindhya parvata (Ch. 104, 1-15).

6. RKumarasambhava, VIII. 23, 24, 29 and 59.

7. Angultara Nikaya, I, 162 Himavant occurs in the Atharvaveda xii, 1. 11 ; vi,

95. 3; iv, 9. 9; v, 4. 2, 8; 25. 7; vi, 24. 1; Rgveda, x, 121. 4 ; Taittiriya-
sanhita, v. 6. 11. 1; Vijasaneyisamhita, xxiv, 30 ; xxv, 12 ; Ailaveya Bréhmana, viii,
14. 3
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phical limits of Bhdratavarsa. According to ancient geographers, the
name Himavanta was applied to the entire n:ountain range that stretches
from the Sulaiman along the west of the Punjab and the whole of
the northern boundary of India to the Assam and Arakan hill ranges in the
east. According to the Mahdbhdarata and the Mdrkandeya Purdpa, the
Himalayan range is said to have stretched from seu to sea like the string
of a bow. The Sakyas and the Koliyas were transported by the Buddha
to the Himalaya and the Buddha pointed out to thom the various moun-
tains in the Himalayan rcgion, e g, Golden mountain, Jewel moun-
tain, Vermilion mountain, Collyrium mountain, Crystal mountain etc.
The Kailasa range formed a part of the Himalayan mountain but the
Markandeya Purdna takes it to be a separate mountain. According to
Alberuni, Meru and Nisadha, describod as Varsaparvatas in the Pura-
nas, were connected with thc Himalayan chain. The Himalayan moun-
tain is the source from which the ten rivers have their rise.! The
Apaddna montions a few other mountains in the neighbourhood of
the Himavanta Kadamba, Kukkura ( better Kukkuta), Kosika, Gotama,
Paduma, Bharika, Bhitagana, Lambaka, Vasabha (Vrsabha), Vikata,
Samanga and Sobhita. The Mainika is the name of a mountain of
the Himalayan range mentioned in the Tuittiriya Aranyaka (1.31.2).2
The Hemagiri and Indraparvata are associated with the Himalaya.?

Hemavata (Himavd, Himdcala,* Himavantapadesa, Himadri, Hai-
mavata)—This mountain (known to the Greeks as Imaos) which is called
nagddhirdja by Kalidasa is mentioned in the Atharvaveda (xii, 1, 11)
as wcll as in the Rgveda (x, 121.4). The Taittiriya Samhita (v. 5. 11. 1),
Vdjasaneyi Sambhitda (xxiv, 30 ; xxv, 12), Aitareya Brdhmana (viii, 14.3)
and Bhagavatapurapa (1, 13. 29 ; 1, 13. 50) also refers to it. According to
the Great Epic,® the Hoimavata region was situated just to the west in Nepal
(Nepalvisaya) and according to the same Epic it mainly comprised the Kulin-
davisaya (Ptolemy’s Kunindrae), representing the region of high moun-
tains in which the sources of the Ganga, Yamuna and Sutlej lay. It may
thus be taken to include the HimacalapradeSa and some parts of Dehra
Dun. The Himalaya is described in the Kundla Jataka7 as a vast region,
500 leagues in height and 3,000 leagues in breadth. The Kiarmapu-
rana (30. 45-48) refers to it. The Yoginitentra mentions this moun-

1. Milinda, p. 114.

2. Cf. Weber, I'ndische studien, 1. 78,

3. Pargiter, Markandeyapurana, 369 n. ; Mbh., ii, 30. 15.

4. Padmapurana, Uttarakhanda, vs. 35-38 ; Vide also Panini's 4gtadhyiyi, IV,
4, 112,

6. Kumarasambhava, I...... Himdlayo nima nagadhivajah...... Ct. Kalikupu

rana, Ch, 14. 51.
6. Mahabhirata, Vanaparva, Ch, 253,
7. Jataka, No. 536,
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tain (1/16). The Kadlikdpurdna (Ch. 14.1) also mentions it. In the
Epic and Puranas thc Himavanta is classed both as a Varsaparvata and a
Marydddparvata (boundary mountains).! The author of the Mdrkan-
deyapurdna knew the Himavat to have stretched from the eastern to
the western sea like the string of a bow?, The statement of
the Mdrkandeyapurana is supported by thc Mchabhdrata (VI. 6. 3)
and Kumdrasambhava (1.1). The eastern Himalayan region extending
up to Assam and Manipur roughly constituted the Haimavata division of
the Jambudvipa in respect of which Asoka introduced the Nibhakas
and Nabhapamtis in his Rock Edict XIII.> According to Bapa’s
Harsacarita (Ch. VII) Arjuna subdued the mount Hemakiita! to com-
plete the Rajastya sacrifice. Bana’s Kddanibari, (§. 16) points out that
the Himalaya mountain was white with crystals or made up of crystal
rocks. This Himalayan region (Himavantapadesa in Pali) of the Jam-
budvipa extended northward, according to the Pali accounts, as far
as the south side of the Mount Sumeru (Pali Sineru). The southern
boundary of the Haimavata division of India is indicated by the Kalsi set
of Rock Edicts, the Asokan monoliths at Nigliva, Lumbini, and those in
the district of Champaran. ® The Haimavatapadesa has been identi-
fied by some with Tibet, by Fergusson with Nepal, and by Rhys Davids
with the Central Himalaya. According to ancient geographers the name
Himavanta was applied to the entire mountain range stretching from Sulai-
man along the west of the Punjab and the whole of the northern boundary
of India upto the Assam and Arakan hill ranges in the east. Ag$vaghosa
refers to this grcat mountain and places the central province between this
mountain and the Paripatra.® The Himalaya mountain occurs in
Luders’ List No. 834. Tko Monghyr grant of Devapala refers to
Kedara which is situated in the Himalaya. The Kadlikapurana (Ch. 14.31)
says that Siva and Parvati went to the fall of the Mahiakausiki river in the
Himalayan mountain. The beauty of the Himalayan mountain which
is a mine of various kinds of gems is not marred by the glacier.? It con-
tains various kinds of minerals on its summit.® The sages take shelter on
its sunny summit, the caves of which are covcred by clouds.® The Kiritas,19

Agnipurana, 108. 22-23.
Karmukasya Yathagunah, 54. 24 ; 57. 59.
Barua, Asoka and His Inscriptions, Pt. I, p. 101,
4. Pargiter says that the Hemakiita was a mountain or group of mountains in
the Himalaya in west Nepal ( Markandeyap., p. 360).
5. Ibid., pp. 81-82. '
6. Saundaranandakavya, 11, v. 62.
7. Kum%rasaibhara, 1. 3.
8
9

Ll

Ibid., 1. 4.
Ibid., 1. 14,

10, They lived in the eastern valley of the Brahmaputra. Ptolemy says that they
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the wild tribe of hunters, can trace the course of the lions on this mountain ;
when the elephants are killed here, the mark of blood is washed away by the
waters from the ice.! The self luminous roots and herbs give light to
the Kiratas at night, living with their wives in the dark caves of the
Himalaya.? The Himalayan tract which is thickly covered with snow
is troublesome to those who walk on it.

The Mainakagiri, identified with Siwalik range of outer Hima-
laya, is mentioned in the Yoginitantra (2. 4. pp. 128-29) and in Bana’s Kadam-
bari (p. 86). In the Himalayan region there was a mountain called
the Daddara.? A mountain named Candagiri stood by the side of the
Himalaya and close by there was a forest.? Another mountain named
Dhammaka existed near the Himalaya where the first Buddha Dipankara
lived in a hermitage built for him.®? Asoka,® Gotama? and Kadam-
ba® existed not far from the Himalaya. Cavala® has been described
to be not far off from the Himalaya.

A valuable study has becn made of the Himalayan plants and animals
in the past, and there is reference to these in ancient Indian literature. The
Himalayan forests are said to have abounded in elephants living in herds
or as rogues distinguished as Vdmanika (dwarfish), wuccakaldrika (high
class elephants), wccdkaneruka (a tall female elephant), and chaddanta
(six tusked). The Chaddanta elephants are associated with the Chaddanta
lake and noted for the high quality of ivory. The Himalayan region con-
tained horses of diverse breeds, sindhu and valéha. Tt is noted for the yak
having white fur (Kumdrsambhava, 1. 13). There were four species of
lions : (1) those looking like cows, pigeon-coloured and eating grass,
(2) black lions, (3) light yellow lions, and (4) those possossing big
manes. There werc ordinary tigers, panthers, hyenas, bears, cats, dogs,
rhinoceros (khagga or paldsada), gayals, bulls, buffaloes, and diverse
species of deer (mrga), goats and rams.

had their settlement in Uttarg@patha. (McCrindle, Ancient India, p. £77). They
also lived in eastern India. According to Ptolemny Kirrhadia was the land of the Kira-
tas. They are mentioned in the Mahabhirata (XII. 207. 43). The Srimad-Bhigavata-
gita (IL. 4. 18) mentions them as living outside the Aryan fold,

Kumarasambhaba., 1. 6.

Ibid., 1. 10.

Jataka, IT1, p. 16.

Mahavastu, 111, 130.

Buddhavamsa, 11, v. 29,

Apadina, p. 342.

Ibid., 162. 12,

Ibid., p. 382.

Ibid., p. 451.

X NS SR BN
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The Himalayan region abounds in such reptiles as pythons, cobras,
lizards and frogs in various kinds, and snakes divided into four families of
virapakkha, erdpatha, chavydputta and Kkanha (black). There are water
snakes feeding on green frogs and iguanas, porpoises, crocodiles and alliga-
tors. The Himalayan rivers are full of fish e.g., pdthina, mufijarohita
and maggura. There are small and big crabs. The birds are numerous,
such as ruddy geese, swans, blue swans, sweet voiced cuckoos, cranes, herons,
owls, birds of ill omen, crows, doves, pigeons, kites, eagles, vultures, pha-
sianus jallus, partridges, and peacocks.

There were various kinds of trees and plants such as banyan, pcepul,
fig, mango, rose-apple, jackfruit, shorea robusta, mesua ferrea,' haritaka?
(terminalia chebula, phyllanthus emblica), vibhitaka® (terminalia belerica),
mddhavilata,* banana, citron, campaka, ketaka (pandanus odoratissimus),
lilies—white, red and blue, lotus having 100 peials and lotus having
1,000 petals.®

Of the mountains of the trans-Himalayan Zone, three have been des-
cribed in the ancient litcrature of India : the Hindu Kush, Karakoram, and
Kailas Mountain. The Hindu Kush mountain which was known as the
Malyavat mountain to early geographers starts from the north-western
extremity of the Himalaya and extends south-westwards, first divid-
ing India from Afghanistan, and then through North-Eastern Afghanistan,
The Karakoram was known to the ancient geographers as the Kris-
nagiri (Kanhagiri, Kanheri——Luders’ List No. 1123) or the Black moun-
tain.?

The Kaildsa range : This range is called a king of mountains.
It contains a number of groups of giant peaks. One such group stands near
Mainasasarovara, the highest of the groups being the Kaildsa (6,714m). It is
also known as Kavilasa. It is the abode of Siva.! The Kailisa may be
identified with the Vaidyutaparvata. 1t is the Kangrinpoche of the Tibetans,
situated about 40 kilometres to the north of Manasasarovara. Badarikas-
rama is said to be situated on this mountain. It is also called Hemakita.®

1. Naga, Nagake$ara, Nigarukkha (Apadana,l, 18 ; Buddhavamsa,Il, v. 61).

2. Its fruit acts as a good purgative.

3. Baheda. Cf. Apadana, 11, 346.

4. Hiptage Madhabilata (Gaertn).

6. Male flowers are sweet-scented. Cf. Jat., IV, 482 ; Buddhav. 11, 51,

6. - J.B.B. R. A. S, xiii, 1937, p. 236.

7. Vayupurana, Ch. 36,

8. Singur Inscription of Yadava Mahideva-raya—E.I., XXIII, Pt. V', 104,
-9, Mbk., Bhismaparva, Ch. 6 ; Cf. Kalidasa’s Abhijaavasakunialam, p. 237,
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It is also known as the Bhitesagiri surrounded by the river Nanda also
called the Ganga' and the Samkaragiri according (o the Dasakumdra-
caritam (p.54), which was visited by Virasekhara, son of Minasavega, and
grandson of Vegavat, a king of lksviku’s line. This mountain is mentioned
in the Yoginitantra (1/1, 1/12). The Purusottama platcs of Ramacandra
refer to this mountain. The Kdlikdpurdna refers to this mountain (Vanga-
basi Ed., Ch. 13.23). It was visited by Siva and Parvati.* Santanu lived on
this mountain and also on the Gandhamadana (Ch. 82.7). The Mahabharata
(Vanaparva, Chs. 144, 156) includes the Kumaun and Garhwal mountains
in the Kailasa range. To the Jains it is known as the Astipada mountain,
where many sages attained perfection including the sons of Risabha.®

In the north-west of India, a lofty range runs dividing the Indus Valley
{rom the hills of Baluchistan and extending from the west of Dera Ismail
Khan to the sea-coast. The northern portion of this range is called the Sulai-
man mountain, known to the ancient geographers as Adjana,' It is men-
tioned in the Ramayana (Kiskindhyakanda, 37.5), in the Markan-
deyapurdna (58. ii) and in the Jaina AvaSyakacarni (p.516). According to
the Skandapurana (Ch. I, §l. 36-48) it was made up of gold.

Manor Avasarpana is a mountain mentioned in the Satapatha Brahmana
(1, 8.1, 8) on which the vessel of Manu rested. The epic name is Nauband-
hana. The view that it is alluded to as Navaprabhamsana in the Atharvaveda
(xix, 39, 8) is abandoned.® Trikakud or Trikakubh meaning three peaks is a
mountain mentioned in the Atharvaveda (iv, 9.8).° It is modern Trikota in
the Himalaya. From it came the salve (dfijana) which tradition made out to
be derived from Vritra’s eye.” It is better to refer to Ludwig’s Translation of
the Rigveda (3.198).

Kraufica is the name of a mountain mentioned in the Taittiriya Aranyaka
(1, 31.2) In the Karmavibhdga section of the Madrkandeyapurana it occurs
among the countries and peoples placed on the tortoise’s left flank. It must
be a mountain in northern India. Pargiter points out that this mountain
appers to have been a portion of the Maindka mountain in the Great Hima-

Bhigavata Purana, IV, 5. 22 ; V, 16. 27.
Ibid., Ch. 14, 31,
Law, Some Jaina canonical Sitras, p. 114.
Jataka, V, p. 133.
Vide Macdonell, Vedic Mythology, p. 139 ; JRAS., 1907, 1107 ; Whitney,
Indische studien, I, 162 ; Vedic Index, II, p. 130 ; Cf, Brahmapdap. 43. 2.
6. Cf. Satapatha Br., iii, 1. 3. 12 ; Maitrayanisamhila, iii,' 6. 3 ; Patnicaviméa
Br., xxii, 14 ; Kathakasamhita, xxiii, 1 ; Vajasaneyi sam. xv. 4 ; Matsyapurana, 121, 15,
7. Cf. Atharvaveda, iv, 9. 9. 10 ; xix, 44. 6 etc. Cf. Matsyapurana, 121. 15,
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layan mountain system.? 1t is the portion of the Himalayan chain bounding
Nepal at the extreme north-west.®> The Ramdyana (Kiskindhyakanda, Ch. 44)
says that the Kraufica mountain is that part of the Kailasa mountain where
the lake Manasasarovara exists. The Krauficarandhra mentioned in the
Meghaduta (1, v. 58) and included in the Krauiicaparvata supplies a passage to
Tibet from India. According to Megasthenes and Arrian Mount Abu is
identified with the Capitalia which, attaining an elevation of 1,722 m, rises
far above any other summit of the Aravalli range. The Capitalia is the
loftiest of the Indian mountains. The mount Caucasus is called the Paropa-
misos (Parapamisos) which denotes the great mountain range called the Hindu
Kush. The mount Paros or Aparasin of the Zendavesta corresponds with
the Paropamisos of the Greeks. According to Pliny the Skythians called the
mount Caucasus, Graucasis, a word representing the Indian name of the
Paropamisos.?

The Meru is identified with Rudra-Himalaya in Garhwal,® where the
Ganga takes its rise.® It is also known as Hemadri or Svarpacala.® It is
near the Badarikasrama and is probably the Mount Meros of Arrian. The
Karnikacala is one of the names of this mountain. On the western side of this
mountain stand Nisadha and Paripatra ; on the southern side stand the
Kailasa and Himavanta and on the northern side stand Sringavin and
Jarudhi.” The Mount Meru stands in the middle of llavrta. It was visited
by Vaisampayana, and the sage Salankayana meditated here.8

The Sumeru (Pali Sineru ) is bounded on the north by Uttarakuru, in the
south by Bharatavarsa, on the west by Ketumala and on the cast by Bhadras-
vavarsa. Some hold that the mount Meru is situated to the north of Almora
district.® The Padmapurana (Uttarakhanda vs. 35-38) and the Kdlikdpurdna
(Ch. 13. 23 ; Ch. 19.92) refer to it. Siva saw its summit.’® The Jambu river
flows from this mountain.’! Mahendra, Malaya etc. are treated as the great
knots of the Mount Meru.'? The Buddhist texts and commentaries refer to

Cf. Harivamsa, xviii, 941-42.
Mavrhandeyapurana Tv., p. 376 1,
Ptolemy’s Ancient India, pp. 247, 143, 186 f.n.
Therigatha Commy., p. 15.
Law, Geo. of Early Buddhism, p. 42.
Hultzsch, S. I. 1., I, p. 166.
Markandeyap., Vaiigavasi, Ed. 240.
8. Bhiagavalapurana, V, 16 ; 20. 2 ; Brahmandapurana, 11, 23. 108 ; Matsya-
purana, 10. 26 ; 11. 38 ; Kurmapurana, 144. 10,
9. Sherring, Western Tibet, 90.
10. Kalikapurana, Ch. 17. 10.
11. Ibid.,, Ch. 19, 32.
12. Alberuni, India, Chs. 283. 26.
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Sineru.! This mountain was 68,000 leagues in height®, The highest of the
mountain peaks of the continent of India is the Sineru which sinks 84,000
yojanas in the great deep and ascends to the same height. It is accompanied
by seven celestial ranges.® The Mount Meru or the Sineru contains gold
deposits. The temple at Chidambaram appears to have been looked upon
as the southern Meru, as it contained a large amount of gold deposited on the
roof of its golden hall.4 The Mount Meru is near the Badarikd$rama.®
It is identical with the Rudra Himalaya in Garhwal. It is probably the Mt.
Meros of Arrian. 1t is called Mahameru in the Tuittiriya Aranyaka (1,7.1.3).%
The Meros mountain is known as Maer-Koh near Jalalabad in Pakistan
which was visited by Alexander the Great.

The Rudra-Himalaya has five peaks and so it is called Paficaparvata.
Patangiri near Gangotri is said to be the place where the five Pandavas lived
for 12 years worshipping Mahadeva and where Draupadi and four of the
Papdavas died. ?

The Phaliku and Rajata mountains are in the Himalayan region. They
are the names of its different peaks.® The Maniparvata, Mahdkala, Suvarna-
parvata and Sdnuparvata are also in the Himalayan region.® The Svetapar-
vata is in the Himalaya to the east of Tibet.10

The Kdficana mountain is in the Uttara Himalaya.® The Nisadha moun-
tain is not far off from the Himavanta1* Tt is the mountain which lies to the
west of the Gandhamddana and north of the Kabul called by the Greeks
Paropanisos, now called the Hindu Kush. The Anoma, Asoka and Cadvala
are the mountains not far from the Himalaya.!* The Usiradvaja may be said
identical with the US§iragiri, a mountain to the north of Kankhal.®¥ It is the
Siwalik range or the hills at Hardwar (Haridvara) through which the Ganga
passes to the plains.

1. Dhammapada Commy., I, 107 ; Jataka, I, 202,
2. Dhammapada Commy., 1, p. 107.

3. Law, Geography of Early Buddhism, xvi.

4. Hultzsch, S.I.1., p. 166 ; II, p. 235.

5. Mahabharata, Santiparva, Ch. 335-36.

6. Weber, Indische Studien, I, 78. 3. 123.

7. Mahabharata, Mahaprasthanikaparva, Ch, 2,
8. Jataka, 11,6 ; V, 415,

9. Ibid., 1I, 92. 38 & 416.
10. Samyuita Nikdya, 1, 67 ; Ci. Agnipurana, 107. 7.
11. Jataka, 11, 396, 397, 399 ; VI, 101.

12. Apadana, 617.

13. Ibid., 342, 345, 451,

14, 1,4, 1905, 179,
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The Hirigula mountain is in the Himalayan region!. Hingldj is situated
at the extremity of the range of mountains in Boluchistan, called by the name
of Hingul or Hingula, about 30 kilometres or a day’s journey from the sea-
couast on the bank of the Aghor or the Hingula or Hingol river near its mouth.

Arundcala or gymicala —This mountain is situated on the west of the
Kailasa range. In the Skandapurana (Ch.iii, 59-61 ;iv, 9.13, 21, 37)it stands
on the river Kampa flowing past Kaiici.

Dandakahirafifia®*—This mountain seems to have been situated in the
Himalayan region.

Gandhamddana—A part of the Rudra Himalaya and a part of the Kailasa
range. Itis also said to be watered by the Mandakini. Kilidasa mentions
it in the Kumdrasambhava (Nirnayasagara Ed. viii, 23, 24, 29, 59). The
Vikramorvasiya and the Yoginitantra (p. 87 ; 1.15), also mzntion it. Brahma
descended on this mountain ® The Jdtaka (VI. 519) describes it as a rocky
mountain which was visited by King Vessantara, his wife and children.
According to the Harivamsa (Ch XXVI. 5-7) King Pururava lived with
Urvaéi for 10 years at the foot of this mountain. The Padmapurdna (Ch. 133)
says that there was a holy place here called the Sugandha. Banabhatta
describes it as one of the summits of the Himalaya.* There existed a cave in
this mountain known as the Nandamila inhabited by the saints.® This
mountain had a big Sivalinga®. The Kamaparvata existed to the east of this
mountain.” According to the Divyavadana (p. 157) A$oka’stree was brought
by Ratnaka, the keeper of a hermitage, and was planted at the place where the
Buddha showed miracles. The Buddha visited this mountain when a brahmin
used to live at its foot.®

Gandaparvata—It is the Gangotri mountain at the foot of which Bindu-
sarovara is situated.?

The Nisabha mountain, which was not far off from the Himalaya, was
situated to the west of the Gandhamadana and north of the Kabul river called
by the Greeks Paropanisos, now called the Hindu Kush.'?

1. Jataka, V, 415.

2. Jataka, II, p. 33.

3. Bhagavatap., IV, 1.58; V, 118 ; X, 52. 3.

4. Kadambari, Kale's Ed., p. 94.

6. Sasanavamsa, PTS., p. 68 ; B. C. Law, The History of the Buddha's religion,
SBB series, p. 76.

6. Kalikapurana, 78. 70.

7. Ibid., 19, 67.

8. Buddhisattvivadanakalpalati, 5th pallava, pp. 26. 31,

9. Malsyapurana, Ch. 121,

10, Cf. Apadana, p. 67.



12 MOUNTAINS OF INDIA

Hrsikesa—This mountain is situated 40 kilometres to the north of Hard-
war which was the hermitage of Devadatta.! It is situated on the Ganga on
the road from Hardwar to Badrinath. According to some this holy city of
the Vaisnavas is situated on the Ganga about 30 kilometres from Haridvara.

Lachmanjhola—Not far from HrsikeSa there exisis a beautiful spot,
famous for its mountain scenery. Before procesding to Badrinath and Kedar-
nath, pilgrims halt here. The place derives its name from a hanging bridge.?

Govardhana (Pali Govaddhana)*—Thirty kilometres from Vrndavan in the
district of Mathura. 1Inthe village called Paitho, Krishna is said to have taken
up the mount on his little finger and held as an umbrella over the heads of
his cattle and his townsmen to protect them from rains poured upon them by
Indra.¢ Kalidasa mentions this hill in his Raghuvamsa (vi, 51).°* This hill
contains the temples of Harideva and Cakre$vara Mahadeva and also the
image of Srinathaji,® formerly known as Gopila.

Indrapura—This large and lofty mountain mentioned in the Indore
Copper plate inscription of Skandagupta stands about 8 kilometres to the

north-west of Dibhai, the chief town of the Dibhai Pargana in the
Bulandshahr district.?

The Neruparvata also exists in the Himalayan region.® It is mentioned
in the Jataka as the golden mountain.®

The Vindhydcala is a hill near Mirzapur on the top of which stands the
celebrated temple of Binduvisini. The town of Vindhyacala also known as
Pampapura lies eight km to the west of Mirzapur.1® It is mentioned in the
Yoginitantra (2.9.214 ff.) and in the Kalikdpurana (Ch. 58.37).

Usiradhvaja—This mountain may be said to be identical with the Usiragiri
a mountain to the north of Kankhal.)! The Siwalik range through which the
Ganga forces her way into the plains, may be identified with the Usiragiri.
Some hold that Usinara and USinaragiri are doubtless identical with the

1. Varahapurana, Ch. 146.

2. Law, Holy Places of India, p. 21. ‘
3. Jataka, IV, 80.

4. Mahabharata, Udyogaparva, Ch. 129.

6. Bhagavatap., V, 19. 16 ; X, 11. 36 ; 13. 29 ; Yoginilanira, 1. 14.
6. Harivaméa, Ch. 55.

7. C.I.I., Vol IIL.

8. Milinda, p. 129,

9. Jataka, I1I, 247.

10. Bhavisyapurana, Chap. IX.

11, I. 4., 1905, 79.
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USiragiri of the Divydvadina (p. 22 ) and Usiradhvaja of the
Vinayapitaka.?

Citrakita (Pali Cittakdta).—This beautiful mountain finds its place
among the holy places mentioned in the Padmapurdna (Ch. 21—Tirtha-
mahdtmya). It is known in the Jaina Bhagavati-Tikd (7.6) as Cittakuda.
According to Kalidasa it appears like a wild bull playfully butting against a
rock or mound.? It stood at a distance of 30 kilometres (10 krosas) from
the hermitage of the sage Bharadvaja.® The Uttaracaritam (Act. I, 24) refers
to the road on the bank of the Kalindi leading to the Citrakdta mountain.
It is the modern Citrakiita, a famous hill, lying 100 kilometres west-south-
west of Allahabad.* It is situated about six km from the modern Chitra-
kuta railway station. It lay to the south-west of Prayaga. the Apaddna
(p. 50) vaguely locates it to be not very far off from the Himavanta. The
Gadhwa stone inscription refers to it.> The Bhdgavatapurdna mentions it
as a mountain (v. 19.16). The Lalitavistara (p. 391) refers to it as a hill. It
was a pleasant spot.® It was a spotless place.? It existed in the Himalayan
region and it had a golden cave and a natural lake.® It was noted for its
waterfalls.?

It has been identified with Kamptanathgiri in Bundelkhand. Itis usually
identified with the mountain of the same name in the Banda district, U.P.,
about 30 kilometres north-north-east of Kalinjar.'0 The Mahabharata (III,
85, 56) associates it with Kalafijara. As regards its indentification we may
also refer to A.S.R., XIII and XXI and J.R.A.S., 1894,

According to the Ramdyana,’ Rama dwelt on this hill situated on a river
called the Payasvini (Paisuni) or Mandakini. He came here after crossing
the Yamuna while returning from the hermitage of Bharadvaja. It was 3
yojanas distant from Bharadvaja-a§rama.’> This beautiful mountain was an
abode of many geese living in the golden cave which it contained,!® some of
which were swift and some golden.!*. A king set out for this mountain being

Vinaya Texts, S. B. E., Pt. II, p. 39.

Raghuvam$a, X111, 47.

Ramayana, Ayodhyikinda, Sarga 54, v. 28.
J.-R.A.S., April, 1894, p. 239.

C.I.I, Vol III.

Jataka, 1T, 176.
Ibid., VI, 126.
Jataka, 11, 176 ; III, p. 208.

9. Raghuvaméa, X111, 47. :
1. J.R. A.S. B, Vol. XV, 1949, No. 2, Letters. p. 129.
11. Ayodhyakanda, Ch. 55.

12, Ayodhyakanda, LIV, 29-30.
13. Jataka, V, 337 ; II, 107 ; V, 381.
14, Ibid., IV, 212, 423-24.
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instructed to observe the moral law, to rule the kingdom righteously and to
win the hearts of the people.! The Kdlikapurdna (79.143) points out that a
mountain called Kajjala stands to the east of the Citrakita.

There were two rivers at Citrakita called the Mandakini and Mailini.?
The Mandikini is stated to have been on the north side of this hill. The
forest at Citrakita does not appear to have been isolated. The Nila forest
joined the forest on the hill® The Mahdbhdrata (85, 58-59) refers to the
Citrakiitaparvata® and the Mandakini river. The hermitage of the sage Atri
was not far from the Citrakita.

SOUTHERN INDIA

Amarakantaka—A sacred hill on the top of the Malyavat. Here flows the
river Visalyakarni formerly a part of Kalinga.®

Candaka—TIt is a mountain near the Mahimsaka kingdom, where the
Bodhisatta built a leaf-hut at the bend of the river Kannapenna. It is the
Malaya-giri or the Malabar ghats.

Candragiri—It is a hill at Sravana-Belgola, the well-known Jaina town in
the Hassan district of the Mysore State and not far from Seringapatam.® It
was known to the ancients as Deya Durga.

Gomulchagiri—It is the name of a hill with a temple dedicated to the
Gomukhagiri§vara by king Annadeva.”

Khandagiri and Udayagiri—The twin hills of Khandagiri and Udayagiri
were known to the authors of the Hathigumpha Cave Inscriptions as the
Kumaira and the Kumari hills. The two hills form part of a belt of sand-
stone rock, which, skirting the base of the granite hills of Orissa, extends
from Athgarh and Dhenkianal in a southerly direction past Khurda and
towards the Chilka 1aké.® In the north-west of the Khurda subdivision stands
the Khandagiri hill at a distance of five km north-west of Bhuvaneswar in
the Puri district. The Khandagiri (broken hill) is the name applicable to
three peaks, Udayagiri, Nilagiri and the Khandagiri. The crest of the
Khandagiri is the highest point being 37 m high, while the crest of the Udaya-
giri is 33 m high. The Udayagiri has a small Vaisnava hermitage at its foot.
It has fortyfour caves, the Khandagiri has nineteen and the Nilagiri has three.
In the Udayagiri the caves are divided into two groups, one higher and the
other lower. In the Khandagiriall the caves except two lie along the foot track.

Ibid., V, 352,

R@mayana, Ayodhyakanda, LIV, 89 ; LVI, 7. 8.
Ayodhytkianda, LVI, 1-18,

Ram~yana, ii. 117.5.

Matsyapurana, 22-28 ; 186. 12-34 ; 188. 79. 82,
E.T.,1I1, 184.

E.I, XXVI pt. I.

J.-A.S.B., 0ld Series, Vol. VI, p. 1079,
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Among the Udayagiri caves the Ranigumpha or the Queen’s Palace is the
biggest. The other important caves are the Ganeshgumpha, the Jaya-Vijaya
cave, the Maficapuri, the Baghgumpha (the Tiger cave) and the Sarpagumpha
(the Snake cave). In addition to these the Hathigumpha or the elephant
cave and the Anantagumpha are noteworthy.

The crest of the Khandagiri has been levelled so as to from a terrace with
stone edges. In the middle of this terrace stands a Jain temple. The main
temple consists of a sanctuary and a porch. Sir John Marshall points out
that the Hathigumpha cave, which is the earliest of all these caves, is a natural
cavern enlarged by artificial cutting. The next in point of time was the
Maicapuri cave which seems to have been the prototype of all the more
important caves excavated on this site. Next again was the Anantagumpha.
All these caves may be dated not much earlier than the middle of the
first century B. C.! Next in  chronological sequence comes the
Ranigumpha.?

Mahendrdcala—The Yoginitantra (2.4.128 fi.) has a reference to the
Mahendra mountain. The Gautami plates of Ganga Indravarman men-
tion it. It probably refers 1o the hills of this name in the Ganjam district.?
The Mahendra range of mountains extended from Ganjam as far
south as the Pandya country to the whole of the Eastern Ghat range.
The Mahendradri or the Mahendra mountain was situated between the
Gangasagarasangama and the Sapta-Godavari. A portion of the Eastern
Ghats near Ganjam is still called the Mahendra hill. Pargiter thinks
that the name should be limiied to the hills between the Mahanadi. Goda-
vari and Wainganga, and may perhaps comprise the portion of the Eastern
Ghats north of the Godavari.* According to Bana’s Harsacarita (Ch. VII)
the Mahendra mountain joins the Malayaparvata. The Raghuvamsa
(Iv, 39, 43; VI, 54) places it in Kalinga. The name is principally
applied to the range of hills separating Ganjam from the valley of the Maha-
nadi. Kalidasa styles the king of Kalinga as the Lord of the
Mahendra.®

1. Cambridge History of India, Vol. 1, pp. 639-40.

2. For details vide Asiatic Researches, Vol. XV (1824) ; Fergusson, Illustrations
of the Rock Cut Temples of India (1846) ; R. L. Mitra, Orissa, Vol. I, Ch.I; 4. S. 1.,
Vol. XI1I ; Fergusson, History of Indian and Easteyn Architecture (1876) and Cave Temples
(1880) ; Cambridge History of India, Vol. I, Ch. XXVI; B. M. Barua, Old Brahm:
Inscriptions in the Udayagiri and Khandagivi Caves, 1929 ; B. C. Law, Geographical
Essays, Ch. X ; Law, Holy Places of India, p. 49.

3. E.I,XXIV, Pt. IV, October, 1937, p. 181.

4. Markandeyapurana, p. 305 note.

6. Raghuvam$a, IV, 43 ; VI, 54.
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The minor hills associated with the Mahendra mountain were the
Sriparvata, Puspagiri, Venkatadri, Arundcala and Rsubha. The whole
range of hills extending from Orissa to the district of Madurai was known as
the Mahendraparvata. It included the Eastern Ghats. It joined the Malaya
mountain. Parasurama retired to this mountain after being defeated by
Ramacandra. The Eastern Ghats must have been known to the geo-
graphers of ancient India as the Mahendragiri, as the highest peak of the
Eastern Ghats is still called by that name. They run as detached hills
more or less parallel to the eastern coast ol India, which are known by
different names in different parts of the country.?

Mainakaparvata—The Rdmdyana locates it in South India. Accord-
ing to Asvaghosa it entered the river to check the course of the ocean.?
This legendary account is also found in the Rdmdyana, which locates
the Mainakaparvata in the Daksindpatha. This mountain also known as
the Malayagiri had three cavities crowded with serpents. 3

Malayagiri—It is the name of a hill.® It is mentioned in the
Brhat-samhita (XIV, 11). A Pandya king leaving his own country
sought refuge in this hill. Pargiter correctly identifies the range of hills with
the portion of Western Ghats from the Nilgiri to the Cape Comorin. The
hermitage of Agastya was situated on the Malayakata which was also known
as Srikhandadri or even as Candanadri.’ It was visited by Balarima.
Manu performed austerities here.® The southern extension of the Western
Ghats below the Kaveri, really forms the western side of the Malayagiri.
According to some the mount Candaka mentioned in the Jdtaka (V, 162) is
the Malayagiri or the Malabar State.

Malaydcala—The Epic tradition locates it in South India. Jimitava-
hana took shelter on this mountain after renouncing his sovereignty.” The
Padmapurana (Ch. 133) mentions Kalyanatirtha in Malayacala. Dak-
sinadri mentioned in the Kavyadarsa (III, 150) by Dandin is the same
as the Malayacala according to the commentator.

Meru—This is a mountain which contains gold deposits, and is sup-
posed to be situated to the north of the Jambudvipa. The temple at Cidam-

1. For details vide B. C. Law, Mountains of India, Calcutta Geographical Society
Publication No. 5, p. 22.

2. Saundaranandakavya, Ch. VII, verse 40.

3. Dasakumaracariia, p. 36.

4, S.I.1., 111, p. 422,

6. Cf. Dhoyi’s Pavanadiatamn.

6. Bhagavata, V, 19. 16 ; 1. 8. 32 ; VI, 3. 35 ; XII, 8. 16 ; Malsya, 61, 37 ;
1. 12.

7. Bodhisattvavadana-Kalpalata, 108 Pallava, p. 12.
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baram seems to have been looked upon as the southern Meru, as it con-
tained a large amount of gold on the roof of its golden hall.?

Nandagiri—The Indian Museum plates of Ganga Indravarman refers
to Nandagiri, which is identical with Nandidrug, the well-known
fortified hill to the west of the Kolar district, Mysore State.2

Paficapandavamalai (or the hill of the five Pandavas)—About six kilo-
metres to the south-west of the town of Arcot stands a rocky hill called the
Pancapandavamalai, which, according to the popular belief, is con-
nected with the five Pandavas.”

Podiyil—It is a hill in the Tirunelveli district. It is also called
the southern mountain. It is said to have been the seat of Agastya.4

Ratnagiri—It is an isolated hill of the Asiarange, six kilometres to the
north-east of Gopalpur, and stands on a small stream called Kelua, a
branch of the Birupa. This hill really stands on the eastern bank of the
Kelua and has a flat top. It contains the ruins of a big stipa. &

Rajagambhira hill—It is also called Rajagambhiran-malai. This
hill was probably called after R3jagambhirasambuvarayan.®

Rsyamukha—This mountain is situated 13 kilometres from Ana-
gandi on the bank of the river Tunigabhadra. The river Pampa rises in this
mountain and falls into the Tungabhadra after flowing westward. It was
at this mountain that Hanumana and Sugriva were met for the first
time by Ramacandra.” The Mdrkandeya Purdna (translated by Pargiter,
Canto LVII, 13) refers to RBsyamukha which has been identified by
Pargiter with the range of hills stretching from Ahmadnagar to beyond Nal-
drug and Kalydni dividing the Maifijira and the Bhima rivers.® The Brhat-
Sambhitd mentions it as a mountain in the south. (XIV, 13).

Sahyadri—This is a mountain lying on the Western Ghats.® The
Western Ghats were known to the ancients as the Sahyadri, which form

1. S.I.1,1,p. 166 ; II, p. 236.

2. E.I.,XXVI, Pt.V, Oct. 1941, 167,

3, E.1.,,1V, 136 1.

4, S.I.I1.,1II1, 144, 464.

5. For details, vide R. P. Chanda, Exploration in Orissa, M. A. S. 1., No. 44,
pp. 12-13.

6. S.I.I,T1,p.111,

7. Ramayana, Ch. IV, Kiskindhyakanda.

8. J.R.A.S., April, 1894, p. 253,

9. S.I.I,1, pp. 168-69,

3
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the western boundary of the Deccan and run continuously for a distance
of about 1,600 kilometres from the Kundaibari Pass in the Dhulia district
of Maharashira down to Cape Comorin, the southernmost point of
mainland of India. The Western Ghats are known by different local names.
There are important passes too.!

Sriparvata—The Markandeya Purapa (LVI1I, 15), the Kurma Purd-
na (30. 45-48 ; Cf. Agni Purdpa 109), and the Saura Purdna (69. 22)
refer to this mountain. It is also called Srifailam. According to the Padma
Purana (Ch. 21, §l. 11-12) the summit of this holy mountain is beauti-
ful where the deity called Mallikarjuna resides. This lofty rock overhangs
the river Krsna in the Kurnool district. It is usually identified with
Siritana of the Nasik Prasasti. It is the site of a famous temple
called Mallikdrjuna, one of the twelve linga-shrines.? The Agni Purdna
(CXIII, 3.4) places it on the river Kaveri. According to it, it was
dedicated to the goddess Sri by Visnu because she had once performed some
austerities.? The introductory verses of Bana’s Harsacarita mention
Sriparvata which is the name of a range of mountains in Telangana.t As
to its location it may be said that on the southern bank of the river Krsna
stands this ancient religious shrine on the Rsabhagiri hill.®

Suddduparai-malai—This is the name of a mountain® It must
have been the old name of the Bavaji hill. It was situated in the north of
Pangalanadu, a division of Poduvurkottam.

Tirumalai—This is the name of a hill, also called Arhasugiri and En{

gunavirai-Tirumalal.? 1t is in the North Arcot district, about 150 kilometres
south-west of Madras."

Tirumudukunram (ancient holy mountain)—Its Sanskrit equivalent is

probably Vrddhacalam, the headquarters of a taluk in the South Arcot
district.®

Tirupati—Tirupati or Tripati or Tripadi is in the Chitoor. district,
116 km north-west of Madras. On the top of a cluster of seven hills stands

1. For details, vide B. C. Law, Mountains of India, Calcutta Geographical Sociely
Publication, No. 5, pp. 22-23.

2. A.5.5.1,Vol.1,p.90; A.S. W.I., p. 223.

8. Arch. Sur. of South India, by Sewell, Vol. L., p. 90 ; Pargiter, Markandeya
Purana, p. 290.

4. Harsacarita, Tr. by Cowell and Thomas, p. 3 f.n.

5. Vide B. C. Law, Holy Places of India, Cal. Geo. Soc. Pub. No. 3, p. 41.

6. S.I.I., 1, pp. 186, 7.

7. Ibid., 1, p. 108.

8 E.I., XXVII. 24.

9, S.I.I,Vol. 1, p. 123.
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the Tirupati temple. The seven hills are said to represent the seven
heads of a serpent on which Venkatacalapati stands ; the centre of the
serpent’s body is that of Narasimha and the tail-end is the abode of Malli-
kdrjuna. The beginning, middle and end, presided over by Brahma, Visnu
and Siva, form a wonderful specimen of south Indian architecture.!

Udayagiri—It is the most easterly peak of the Asia range, situated in
the Jajpur sub-division, five kilometres north of Gopalpur on the
Patamundai canal. There is a two-armed image of the Bodhisattva Avalo-
kiteSvara bearing an inscription written in characters of the 7th or 8th
century.? It is in the Nellore district containing also the temple of Krsna.?

Vaigai—It is a mountain which is the same as Tirumalait, It
is also the name of a river which flows past Madurai.® It has been identi-
fied with the Krtamala.®

Vallimalai—This is a hill situated about two kilometres of Mel-
padi in the Chittoor district. It was an ancient site of the Jain worship.?
Here Jaina rock inscriptions have been found mentioning the names
of two Jaina preceptors and the founder of the two images.®

Venkatagiri—TIt is the Tirumalai mountain near Tirupati in the Chittoor
district, about 116 kilometres to the north-west of Madras, where
Ramanuja, the celebrated Vaisnava reformer, performed the worship of
Yisnu in the 12th century A.D.® It is known as the Venkatacala accord-
to the Skandapurapa (Ch. I, §l. 36-48), which is seven yojanas in extent
and one yojana in height.

EASTERN INDIA

Barabar hill (vide Khalatika)—There are some caves in these hills
_situated about 25 km north of Gaya. The caves known as Satghara (seven
houses) are divided into two groups, the four southernmost in the Bara-
bar group being more ancient. The Nyagrodha cave is hewn in the granite
ridge and faces south. There is an inscription recording the gift of the cave

Law, Holy Places of India, 41-42.

B. & O. Dist. Gazetteers, Cutlack by O’ Malley, 1933.

A. S.I., Annual Report, 1919/20, p. 15.

S.I.I.,1, pp. 94-95.

Cf. Caitanyacaritamyta, Ch. 9, p. 141,

Cf. Kurmapurana, XLVII, 35 ; Varahapurana, LXXXV, etc,
S.I.I,1II, p. 22.

E.I., IV, 140.

Law, Mountains of India, p. 21,
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to the Ajivikas by Asoka. The Lomasrishi cave is similar to this cave,
but is unfinished. The side walls of the outer chamber are dressed and
polished but the inside of the inner chamber is very rough. The entrance
is finished and is, no doubt, the earliest example of the rockcut caitya hall.
The fourth cave of the Barabar group is the Visvajhopri. It consists
of chambers, but it is unfinished. There is an inscription on the wall of the
outer chamber recording the gift of the cave by Asoka.!

Corapapdata—It seems to have been a hill near Rajagrha.?

Gaydsisa—Gayasisa which is the principal hill of Gaya? is the modern
Brahmayoni and identical with what is called Gayasira in the Mahdbhdrata
(IT1. 95.9) and Gayasira in the Purapas.! Guayadira or Gayasirsa is the
rugged hill to the south of Gaya town which rises some 120 metres above
this town.b The Agni Purdna (Ch. 219, V. 64) mentions it as a place of pil-
grimage. The Yoginitantra (2. 1. 112-13) refers to Gaya$ira., The
Wai-Kuo-Shih has wrongly applied the name of Dharmaranya hermitage
to this hill. On the Gayasisa Devadatta lived with five hundred monks
after making a dissension in the Bucddhist Church.® While he was on this
hill, he proclaimed that what the Buddha preached was not the right doctrine
and that his was the right one.? Here he also tried to imitate the Buddha
in his deeds but he was unsuccessful.® The fire sermon was delivered
here by the Master and after listening to it one thousand Jatilas attained
saintship.® Here the Master also gave a discourse on the intuitive
knowledge before the monks.l® A monastery was built by prince Ajata-
$atru on this hill for Devadatta and his followers who were daily provided
with food by him.!! The early Buddhist commentators account for the origin
of the name by the striking resemblance if its shape with that of the head of
an elephant.!®

Gorathagiri (Goradhagiri)—It is the modern Barabar hills.!® It is
mentioned in the Makhdbhdrata (Sabhaparva, Ch, XX, v. 30—Goratham-

1. Law, Geographical Essays, pp. 17, 341.

2. Digha, 11, p. 116.

3. Vinaya Pitaka, 1, 34 ff, ; 11, 199, Law, A Study of the Mahavastu 81.
4. Vide Barua, Gaya and Buddha-Gaya, I, p. 68,

5. B. M. Barua, Gayad and Buddha-Gaya, I, 11,

6. Jataka, 1, 142 ; Viraya Pitaka, 11, 199 ; Jataka, II, 196.
7. Jataka, I, 425.

8. Ibid., I, 490 ff ; 1I, 38,

9. Ibid., 1V, 180 ; Samyutta, IV, 19 ; Vinaya Pitaka, I, 34-35.
10. Anguttara, IV, 302 ff,

11. Jatghka, I, 185 ff., 508.
12. Saratthappakasini, Sinhalese ed., 4,

13. J.B. 0. R, S, Vol. I, Pt. I1, p. 162 ; Barna, Old Brahmi Inscriptions on the
Udayagiri and Khandagiri Caves, p. 224,
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girim dsddya dadrisur Mdagadham puram). The city of Magadha could be
seen from the Gorathagiri. According to some, Pasanakacetiya was either
identical with Gorathagiri or some hill near it.! Gorathagiri was stormed
by king Kharavela of Kalinga who then marched towards Magadha. The
hill is known as the Goragiri in the Jaina Nisithacirni, p. 18.

Grdhrakutaparvata (Pali Gijthakita)—It was one of the five hills
that surrounded Girivraja which was the inner area of Rajagrha. It was
so called either because it had a vulture-like peak or because the vultures
used to dwell on its peak. According to Fa-hien, about three /i before
reaching the top of the Grdhrakita hill there is a cavern in the rock facing
the south where the Buddha meditated. Thirty paces to the north-
west stands another cavern where Ananda sat in meditation. While
he was meditating, Mara assuming the form of a large vulture took
his seat in front of the cavern and frightened Ananda. The Buddha by his
supernatural power made a cleft in the rock, introduced his hand and struck
Ananda’s shoulder so that his fear might pass away at once. The footprints
of the bird and cleft for the Buddha’s hand are still there, and hence the name
of ‘the Hill of Vulture Cavern’ has come into vogue.2 It stood to the south
of Vepulla. According to the Vimanavatthu Commentary (p. 82) it was
a mountain in Magadha. It could be approached from the eastern gate of
the city. This mountain is also known as the Giriyek hill or the
Indasilaguha of Hiuen Tsang, situated on the southern border of the district
of Patna across the river Paficana which is the ancient Sappini, having
its source in the Gijjhakiita mountain. According to Cunningham, the
Gijjhakita hill is a part of the Sailagiri, the Vulture Peak of Fa-hien,
and lies ten km to the south-west of Rajgir. Relying on the evidence of the
Chinese sources Grdhrakiita may be sought for somewhere on Ratnagiri.?
From the top of this hill Devadatta tried to kill the Buddha by hurling a
block of stone. The Kailaéila on a side of Isigili (Rsigiri, or ‘Hermit hill’)
was situated in front of it. The Deer Park at Maddakucchi lay near
about it. The Grdhrakita hill was so called because the great sages
attained the final beautitude by meditating on it. A Siva-linga was
installed on it. This hill bears also the footprints of Siva. It contains a
cave where the pilgrims offer oblations to the manes and a banyan tree.
Vayw Purdna (108, 61-64) refers to a sanctified boundary for offering
pindas to enable the spirits of the departed fore-fathers to go to heaven.
This Grdhrakiita stood near the old city of Gaya. Dr. Barua says that
it is a mistake to think that the Grdhrakita of the Gayamdhdtmya was one

1. Barua, Gayd and Buddha-Gaya, Vol. 1, p. 84.

2. Legge, Travels of Fa-hien, p. 83.

3. For a discussion on this point, vide L. Petech, Northeyn India according to the
Shui-Ching-Chu, Serie Orientale Roma, 11, pp. 45-46,
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of the five hills encircling Girivraja or old Rajagrha, the ancient capital of
Magadha.?

Isigilipassa.—It was one of the five hills encircling Rajagrha®
All the five hills except the Isigili had different names in different
ages.* The Mahdbhdrata (11, 21. 2) refers to this mountain as Rsigiri.
As this mountain swallowed up the hermit teachers,® it got the name of
the ‘mount swallow-sage’ 5. By the side of this mountain, there was a
black rock (Kdlasild) on which Godhika and Vakkali committed sui-
cide.®  Monks desired to have a 1odging place at the black rock on the
Isigilipassa.7 The Buddha lived on this mountain at Rajagrha and
addressed the monks.® His happy reminiscences of the sites at Rajagrha
are vividly recorded in the Mahdparinibbdna suttanta. He told Ananda
that he would dwell at Kalasila Isigilipassa.® Once the Master lived here
with many monks including Mahamoggallana who was very much
praised by the revered Vangisa in the presence of the Master.!® The Buddha
came to Rajagrha and took up his abode in the bamboo-grove as
soon as he received the death-news of Sariputta. Then an elder who
attained perfection in supernatural power dwelt on the slopes of the
Mount Isigili, Several attempts were made on his life by the heretics but
all in vain.!* According to the Pali Isigilisutta, five hundred paccekabudd-
has (individual Buddhas) lived on this hill for ever (ciranivdsino). They
were seen entering the mountain but not coming out. The sutta
mentions many of them by name.!? Dr. Barua thinks that the Mount Isigili
was hallowed by the death of these hermits or holy personages.!®

Kajanigala (Kayangala).—This extensive hill tract lay to the east of
Anga and extended from the Ganga in the north-east to the Suvar-
narekha in the south-west. It was a Brahmin village, which was the birth-
place of Nagasena.'* The Buddha once dwelt at Veluvana in Kajangala.!®

et

. M. Batua, Gaya and Buddha-Gaya, 13.

2. Ma]]hzma UL, 68 fi. ; Paramatthajotika, 11, 382 ; Vimanavatthu-atthakatha,
p. 82.

3. Majjhima, I11, 68 ff.

4. Isigilatiti Isigili-Majjhima, 111, 68 ; Papaiicasudani, 11, P. T, S, p. 63.

5. Chalmers, Further Dialogues of the Buddha, 11, p. 192,

6. Samyutta, I, 120 ff. ; 111, 123-124.

7. Vinaya, II, p. 76.

8. Majjhima, I11, p. 68,

9. Digka, 11, 116 fi.

10. Samyutta, I, 194-195.

11. Jataka, No. 522, Vol. V.,

12. Majjhima, 111, 68-71.

13. Calcutta Review, 1924, p, 61.
14. Milindapaiiha, p. 10.

15, Angutiara, V, 54,
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The Master delivered the Indriyabhdvandsutta during his sojourn at Mukhe-
luvana in Kajangala.! In the Buddha's time, food could be easily obtained
here ( dabbasambhdrd sulabhd).® In the Mahdvagga® as well as in the
Sumangalavilasini (1I, 429), it is stated to have been the eastern limit
of Madhyade$a beyond the Brahmin village of Mahasala. It is the Ka-
chu-Hen-Ki-lo of Yuan Chwang. It was 2060 /i in circuit and was

bounded on the north by the Ganga. It is to be located somewhere in the
Rajmahal district.

Kararigarh (Karanagarh)—It is a hill near Bhagalpur town in the Bha-
galpur district and is said to have derived its name from the pious
Hindu king Karna. The only objects of interest are the Saiva temples of
some celebrity, one of which is very ancient.4

Khalatika hills—These are the modern Barabar hills in the district of
Gaya. The Barabar hill cave inscriptions of ASoka inform us that four
cave-dwellings were dedicated to the Ajivikas by Asoka in the Khala-
tika hills.5 The Khalatika (Bald-headed) hills became known in the later

inscriptions by the name of Gorathagiri (Goradhagiri), and still later by
the name of Pravaragiri.®

Kukkutapadagiri (also called Gurupddagiri). Stein has located it on
the Sobhanath hill, the highest peak in a range of hills further south-west
from Kurkihar and about six kilometres distant from the village of
Wazirganj.” Some have identified it with Gurpa hill about 100 /i east of
Bodh-Gaya.®! Cunningham has identified it with the three peaks situated
about two kilometres to the north of Kurkihar and 25 kilometres north-
east of Gaya.® The three peaks are said to have been the scene of some of
the miracles of the Buddhist saint Mahakasyapa. According to Hiuen
Tsang, the lofty peaks of the Kukkutapada or the Gurupada mountain are
the endless cliffs and its deep valleys are boundless ravines. Its lower slopes
have their gullies covered with tall trees, and rank vegetation clothes
the steep heights. A three-fold cliff projects in isolated loftiness reaching

the sky and blending with the clouds. Mahakasyapa took up his abode
on this mountain.!®

Majihima Nikaya, 111, 298,
Jataka, IV, 310.
Vinaya Texts, S. B. E., 11, 38.
" Bytue, Bhagalpur, B. D. Gazetteers, 1911, p. 166.

Cf. Patafjali's Makabhagya, I, 2. 2 ; B. C. Law, India as descvibed in the early
texis of Buddhzsm & Jainism, p. 27,

8. See B. C. Law, Rajagrha in Ancient Litevature, M. A. S.I., No. 58,
7. I. A., March, 1901, p. 88.

8. J.A4.S.B., 1906, p. 77.

9, CAGI., ed. Mazumdar, p. 721.

10, Watters, On Yuan Chwang, I, p. 143.
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Makulaparv.ia—Some have identified it with Kaluhd hill which is
about 40 kilometres to the south of Buddha Gaya and about 25 kilo-
metres to the north of Chatra in the district of Hazaribagh. The place
abounds in Buddhist architectural remains and figures of the Buddha. The
Buddha is said to have spent his sixth rainy season on this mountain.

Mallaparvata—It is the Parasnath hill in the district of Hazaribagh,
three kilometres from the Isri railway station. It is a sacred hill for the
Jains. It is the Mount Maleus of the Greeks.! It is also known as the
Sametsikhara, Samidagiri and Samadhigiri.

Mahddeva—This hill as described by Hiuen Tsang was a small soli-
tary double-peaked one. Here the Buddha overcame the Yakkha Vakula.
According to some it was situated on the western frontier of Hiranyaparvata,
To the west of it were some hot springs.?

Manddra hills (also known as Mandaragiri and Mandaracalam)—
The Kalika Purana mentions this parvata (Ch. 13. 23). It.was sacred to
Siva. Here Prithu died.® It is situated in the Banka sub-division of the
district of Bhagalpur, 50 kilometres to the south of Bhagalpur, and five kilo-
metres to the north of Bansi. This hill is about 200 metres high. The
oldest buildings are the two temples, now in ruins. The Sitakund

tank is the largest.

Nagarjuni hill—The Nagarjuni hill cave inscription of Anantavarman
mentions the Nagarjuni hill which is a part of the Vindhya range. It is
situated about two kilometres away on the northern side of the village of
Japhra which is about 25 kilometres to the north by east of Gaya.s

Patibhanakita—It was a peak with a fearful precipice in the neigh-
bourhood of the Gijjhakiita.® According to the Pali commentator Buddha-
ghosa it was a boundary rock which looked like a large mountain.®

Pandavaparvata—It may be identified with the modern Vipula-
giri, north-north-east of Rajagrha.’

McCrindle, Megasthenes and Arvian, pp. 63, 139.

J.A.S. B, Vol. LXI, Pt. I, 1892,

Bhagavalap., IV, 23-24,

C.I.1., Vol. 111, vide also Khalatika hills.

Samyutta, V, 448,

Suratthappakasini, 111, 301.

B. C. Law, Rajagrha in Ancient Literature, M.A.S.1., No. 58, PpP. 3-(, 28-30,
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Pdpahdrini—Name of a hill in Bihar. There is a beautiful tank at
the foot of this hill, which is frequented by the people on the last day of the
month of Paus, when the image of Madhusidana is brought to a
temple at the foot of the hill from Bamsi. This tank was caused to be exca-
vated by Konadevi, the wife of Adityasena, who became the independent
sovereign of Magadha in the 7th century, after the kingdom of Kanauj
was broken up on the death of Harsavardhana.?

Parsvanatha—1t is in the district of Hazaribagh, which is very fre-
quently visited by the Jains. The height of this hill is 1,366 metres. It is
a remarkably handsome mountain, sufliciently lofty to be imposing,
rising out of an elevated country.? There is a Digambara Jaina temple on
its top and some Svetimbara temples are found at its foot. This hill,
also known as Samet$ikhara, stands in a dense forest infested with wild
animals. Par§vanatha before his passing away came to the foot of this
hill and attained salvation.?

The Buddhist and Jain remains exist on Kuluha hill in the Dantara
pargana and a temple and tank to the west of the hill dedicated to Kules-
wari, the goddess of the hill are visited by Hindu pilgrims in large number.
The four rock-cut temples on Mahudi hill are worthy of mention. The
ruins of temples on Mahudi hill are worthy of mention. The ruins of temples
at Satgawan and an old fort at Kunda may be mentioned.

Patharghdta—This hill is in the Bhagalpur district situated oh the bank
of the Ganga. On the north of this hill there are some ancient rock sculp-
tures. This hill also contains some caves. Some have identified it with
Vikramasila.4

Pravaragiri—The Barabar hill cave inscription of Anantavarman
refers to ancient Pravaragiri, situated on the northern side of the village of
Panari, about 22 kilometres to the north by east of Gaya, the chief town of
the Gaya district.® .

Rajmahal Hills—These hills belong to the Santal Parganas in Bihar,
inhabited by the Antargiryas, mentioned in the Bhismaparva list of the
Mahdbhdrata. The Antargiryas were the people dwelling on the outskirts
of the hills of the Bhagalpur and Monghyr regions. It is also known as
Kalakavana according to Patafijali.

C.I.1.,,1II1, 211.

For details—B. and O. District Gazetleers, Hazaribagh, 202 ff.
B. C. Law, Geographical Essays, p. 213.

Bhagalpur, by Byrne. B. D. Gazetteers, p. 171.

C.I1.1I, Vol. II1.

Mahabhugya, 11, 4. 10 ; Cf, Baudhayana, I, 1. 2.
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Rohitagiri—The Rohtasgadh stone seal matrix of Mahasdmanta
Sasankadeva mentions the hill fort of Rohitasgadh, 40 kilometres south by
west of Sahasram, the chief town of the Sahasram sub-division of the Shaha-
bad district.! According to Rampal copper plate of Sricandra, the
Candras were the rulers of Rohitdgiri, which may be identified with Rohtas-
gadh in the Shahabad district of Bihar.? Rohtasgadh, the ancient hill fort of
Rohtas, is named after Prince Rohitd§va the son of HariScandra of the
Solar dynasty.® It is also mentioned in the copperplates discovered
from Orissa relating to a Tunga family. Both the Tungas of Orissa
and the Candras of East Bengal came from Rohitagiri.* According to some
Rohtas hill is a spur of the Kaimur range, a branch of the Vindhya moun-
tain.b

Rsigiri (Pali Isigili)—It is near Rajagrha. It is one of the five
hills encircling Girivraja, the ancient name of Rajagrha.®

Sild-saﬁgama (or Vikramasila-sangharama)—This hill contains seven
rock-cut caves of a very ancient date with niches for the images of the deities
mentioned by Hiuen Tsang, when he visited Campa in the 7th century A.D.
Some have identified it with the Patharghata hill (vide Vikramasila).

Suktimat range—It is identified by Cunningham with the hills
south of Sehoa and Kanker separating Chattisgarh from Bastar.” Beglar
places this range in the north of the Hazaribagh district.8 Pargiter identi-
fies it with Garo, Khasi and Tripura hills.? C. V. Vaidya locates it
in Western India and identifies it with Kathiawar'® range. Others have
identified the Suktimat with the Sulaiman range. ! Some have applied the
name to the chain of hills extending from Sakti in Raigarh, Madhya
Pradesh, to the Dalma hills in Manbhum drained by the Kumari river and
perhaps even to the hills in the Santal Parganas washed by the afluents of
the Babla.12

Vaibhdragiri (Pali Vebhara ; Sans. Vyavahara)—It is in Magadha.
It is one of the five' hills encircling the ancient city of Girivraja, ‘a hill-

C.I1.1.,,Vol,III. ’
N. G. Majumdar, Incs. of Bengal, Vol. I11, pp. 2 ff.
Harivam$a, Ch. 13.
I.H. Q.,1I, 655-586.
5. N. L. Dey, Geographical Dictionary, p. 170 ; For further details vide B. and
O. District Gazetteers, Shahabad, by O'Malley, pp. 174 fi.
' 6. Vimanavatthu Commy., P. T. S., p. 82.
7. A.S. R, XVII, pp. 24, 26.
8. Ibid., VIII, pp. 124-25.
9. Markandeyap., 285, 308 notes,
10. Epic India, p. 276.
11. Z. D. M. G., 1922, p. 281 note.
12, H. C. Raychaudhuri, Studies in Indian Antiquities, pp. 113-20.
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girt city’.! It extends southwards and westwards ultimately to form the
western entrance of Rajgir with the Sonagiri. In the Jaina Vividhatirtha-
kalpa the Vaibhiragiri is described as a sacred hill affording possi-
bility of the formation of kundas of tepid and cold water (taptasilam-
bukundam). Buddhaghosa associates the hot springs giving rise to
the Tapodd river with Mount Vebhara. It is the same mountain as
Vaihdra described in the Mahdbhdrata as a Vipulasila or massive rock.
The city of Rajagrha shone forth in the valley of Vaibharagiri with Trikuta,
Khandika and the rest as its bright peaks. Some dark caves existed in this
hill. Close to this hill were the Sarasvati and many other streams flowing
with pleasant waters with properties to heal diseases. The Buddhists built
Vihdras on this hill, and the Jainas installed the images of the elect in the
shrines built upon it. The Vebhidra and the Pandava appear to have been
the two hills that stood on the north side of Girivraja and were noted for
their rocky caves.? The Vaibhraj is undoubtedly the Vaibharagiri of
Rajagrha.

The Jains relying on a much later tradition thus locate the seven hills
encircling Rajagrha : If one enters Rajgir from the north the hill lying to the
right is the Vaibharagiri ; that lying to the left is the Vipulagiri ; the
one standing at right angles to the Vipula and running southwards parallel
to the Vaibhara is the Ratnagiri ; the one forming the eastern exten-
sion of Ratnagiri is the Chathagiri and the hill standing next to the
Chathagiri is the Sailagiri. The one opposite to the Chathagiri is the Uda-
yagiri ; that lying to the south of Ratnagiri and the west of the Udayagiri
is the Sonagiri.?

Vamka—It was a mountain near Rajagrha. Its older name was
Vepulla.* It is mentioned in the Jdraka (VI, 491, 513, 520, 524-25, 580,
592).

Vebhara—This hill is in the Magadha country. It is one of the five
hills encircling Girivraja.®

Vediyaka—This hill is identified by Cunningham with the Giriyek.
It contains the famous cave called Indasalaguha.®

Vepulla—It is a mountain in Magadha. It was known in a very remote
age by the name of Pacinavamsa, which was later changed to Vankaka.

1. Cf. Vimanavatthu Commy., p. 82.

2. Theragatha, XLI, v. 1.

3. Law, Rajagrha in Ancient Lit., M. A. S.I., No. 68, p. 3.

4. See Annals of the Bhandarkar Ovienial Research Institute, VIII, 164 ; Cf,
Samyutia, 11, 101-92,

5. Vimanavaithu Commy., p. 82.

8. Digha, I1, 263 ; Sumangalavilasini III, 697 ; B, C. Law, India as described
in the Early Texts of Buddhism & Jainism, p. 29, '
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It then received the name of Supassa, and afterwards it became known as
Vepulla! and the people of the locality by the name of Magadhas.?
It was one of the five hills encircling Rajagrha. King Vessantara was
banished to this hill. It took him three days to reach its summit.* The
Vipula mountain runs for some length towards the south-east leading
to the northern range of hills extending up to the village called Giriyek on
the Bihar-sharif-Nawada road. Hiuen Tsang has definitely represented
the mountain as Pi-pu-lo, which verbally equates with Vipula. He tells
us that to the west of the north gate of the mountain-city was the Vipula
mountain. He further points out that on the north side of the south-west
declivity there had once been five hundred hot springs of which there
remained at his time several, some cold and some tepid. The source of the
streams was the Anavatapta Lake. The water was clear and the people
used to come from various lands to bathe in the water which was bene-
ficial to the people suffering from old maladies. On the Vipula moun-
tain there was a tope where the Buddha once preached. This mountain
is frequently visited by Digambara Jains.! The Vipula mountain is
described as the best among the mountains of Rajagrha.® It lay to the
north of the Gijjhakita and stood in the midst of the girdle of the Maga-
dhan hills.

WESTERN INDIA

Brahmagiri—It is a mountain in the Nasik district near the Tryam-
baka in which the Godavari has its source.

Raivataka Hill—Raivata or Raivataka was near Dviaraka. It is
mentioned in the Mahdbhdrata (Adiparva, CCXIX, 7906-17) that a festival
was held on this hill in which the citizens of Dvaraka took part. Par-
giter is inclined to identify it with the Barada hills in Jamnagar Dis-
trict.® In the Junagadh Inscription of Skandagupta occurs the Raiva-
taka hill which is opposite to Urjayat.” The Jaunpur stone inscription of
I§varavarman Maukhari mentions it along with the Vindhya moun-
tains.® Fleet has identified Raivataka with one of the two hills of Girnar

1. Samyutla, 11, 190 fi.

2. Cf. B. C. Law, India as described in the Early Texts of Buddhism & Jainism,
pp. 29-30.
3. Vinaya Pitaka, 11, 191-92.

4, Watters, On Yuan Chwang, 11, pp. 153-54.

6. Samyulta, 1, 617.

8. Markandeyap, p. 289.

7. See Dohad Stone Inscription of Mahamuda in E. I., XXIV, Pt. V, Jany., 1938,
p. 216, :

8, C.I.I. Vol III,
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and not with Girnar proper.! The Brhatsamhitd (XIV, 19) mentions it as
situated in the south-west division. In early times Raivata and Urja-
yanta might have been names of two different hills at Girnar ; but in
later times they came to be regarded as identical.? The Raivataka in the
Dohat Stone Inscription of Mahamuda refers to the hill on which there are
temples and which is now known as Girnar.® Close to Junagadh in Gujarat
stands the Raivataka hill or Girnar, which is considered to be the
birthplace of Neminath, the religious preceptor of king Dattatreya. The
river Suvarparekha flows at the foot of this hill. There is a foot-
print on the Girnar hill known as the Gurudattacarana. The temples of Nemi-
nath and Par$vanath are found here. The name of Girinagara occurs
in the Brhatsamhita (XIV, 11). Girnar is famous in the inscriptions of
ASoka, Skandagupta and Rudradiman. To the east of Jundgadh there
is a number of Buddhist caves. The Inscriptions of Rudradiman and
Skandagupta inform us that at Girnar the provincial governors of Candra-
gupta, ASoka, and the Imperial Guptas lived. There is the Svayamvara
lake near it. Here stands a high pinnacled temple of Neminatha on
the summit of the Raivataka hill in Surdstra.¢

Urjayat—Urjyat (Ujjanta) of the Junagadh Inscriptions of Rudra-
diman and Skandagupta may be identified with the Girnar hill near
Junagadh. This mountain is mentioned in the Mahdbhdrata (iii, 88,
23). The Kap Copperplate of Keladi Sadadiva-Nayaka refers to Ujjanta-
giri which is Girnar.5 It is also known as Urjayatgiri.® In Luders’ List
No. 965 it is called Urjayat. This mountain which is sanctified by
Srinemi is known as Raivataka, Urjayanta, etc. This mountain is situated
at Surastra. Vastupala built three temples here for the good of the world.
In the temple of Satrufijaya built by Vastupala there are images of Rsabha,
Pundarika and Astapada.?

Vaidaryaparvata—It is the Satpura range situated in Gujarat.
the hermitage of the sage Agastya was on this hill® It is so called
because the costly stone of lapis luzuli is found here. The most important
minor mountain associated with the Sahya is the Vaidirya, which is gene-
rally identified with the Oroudian mountain of Ptolemy. It included

1. Ibid.,III,p.64n.11 ;1. 4., VI, p.239.

2. Bombay Gazetleer, Vol. VIII, p. 441.

3. E.I.,XXIV,Pt. V, p. 222.

4. For further details, vide B. C. Law, Some Jaina Canonical Sitras, pp. 181-82.

6. E.I,XXIV,Pt.V,Jany., 1938 ; Cf. Fleet, Gupta Inscriptions, C.I.1., Vol. 11,
p. 60.

6. Cf. Junagadh Inscription of Rudradaman.

7.

‘B. C. Law, Some Jaina Canonical Sitras, p. 180,
8, Mahabharata, Vanaparva, Ch. 88,
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the northernmost part of the Western Ghats, but the Mahibharata suggests

that it included also a portion of the southern Vindhya and the Sat-
pura ranges.

Vindhyapddaparvata—The Mahdbhdrata refers to it as Vindhya-
parvata (Ch. 104, 1-15). The Padma Purdpna (Uttarakhanda, vv. 35-38)
mentions it. The Vindhya forest attached to the mountain is des-
cribed in the Dasakumdracaritam (p. 18) as a wild wood full of terror, fit
habitation for beasts and remote from the haunts of men. It is known as
Quindon to Ptolemy. It forms the boundary between Northern and
Southern India. The Rksa, the Vindhya and the Paripatra are parts of the
whole range of mountains now known as the Vindhya.! This mountain

had a beautiful grotto (kandara) watered by the river Reva.? It occurs
in Luders’ List No. 1123.

This mountain, otherwise known as Vijha, may be identified with the

Satpura range. On a spur of this range there is a colossal rock-cut Jaina
image called Bawangaj.

Satrufijaya or Siddhdcala—It is the holiest among the five hills in
Kathiawar according to the Jains. To the east of it stands the city of Palitana,
110 kilometres north-west of Surat. The Satrufijaya temple was repaired by
Baghbhattadeva, an officer of king Kumarapila in Gujarat. Of all Jain
temples situated on the top of the Satrufijaya hill, Caumukha temple
is the highest. Some inscriptions were found in the Jaina temples situated
on the Satrufijaya hill.® Satruiijaya, also known as Siddhaksetra, was
visited by a large number of accomplished sages, such as Rsabhasena. Many
saints and kings attained the bliss of perfection. Here the five Panp-
davas with Kunti also attained perfection. This sacred place of the Jains
is adorned with five summits (kiatas). The cave lying to north of
Srimad-Rsabha, set up by the Pandavas, still exists. Close to the Ajita-
caitya lies the Anupama lake. Near Marudevi stands the magnificent caitya

of Santi. King Meghadhosa built two temples here. Satrufijaya was under
his rule and that of his father, Dharmadatta.?

CENTRAL INDIA,

Acavada (Accavata)—It is the Rksavat mountain where lived the
banker Nagapiya, a native of Kurara. It occurs in Luders’ List Nos. 339,
348, 581 and 1123). The Rksavat is the Ouxenton of Ptolemy. It is a

Law, Geographical Essays, 107 ff.
Marakandeya Purana, Vahgaviasi Edition, p. 19.
E.I.,1II, 34 ff,

FPor further details, vide Law, Some Jaina Canonical Sitras, 179-80,

oW
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part of the whole range of mountains now known by the common name
Vindhya. Ptolemy describes the Rksavat as the source of the Toundis,
the Dosaron, the Adamas, the Ouindon, the Namados, and the Nana-
gouna. By the Rksavat or the Rksavant Ptolemy meant the central region
of the modern Vindhya range, north of the Narmada.?

Amarakantaka—This hill is a part of the Mekhala hills in Gond-
wana in the territory of Nagpur in which the rivers Narmada and Son take
their rise. Hence the Narmada is called the Mekhalasutda.? It is in
Madhya Pradesh on the easternmost extremity of the Maikala range,
100 kilometres by country road from Sahdol railway station, 1,000 metres
above sea-level. It is one of the sacred places of the Hindus.® The
Amarakantaka is the Amrakita of Kalidasa’s Meghadita (I, 17). 1t is also
known as the Somaparvata and the Surathadri.* According to the Matsya-
purana, this sacred hill was superior to Kuruksetra (22, 28 ; 186. 12-34 ;
188. 79, 82 ; 191, 25). The Padma Purapa (Ch. 133, v. 21) mentions a holy
place named Candikatirtha at Amarakantaka,.

Arafijara—I1t is a chain of mountains in the Majjhimadesa. It is des-
cribed here as existing in a great forests.

Aravalli—Some have identified this range with the Apokopa. It is
perhaps the oldest tectonic mountain of India. It divides the sandy desert
of western Rajasthan from the more fertile tracts of eastern Rajasthan.The
range can be traced from Delhi to Jaipur as a low hill. Farther south the
range becomes more prominent. Beyond Ajmer the height increases (arther,
the highest peak attaining the height of 1,732 m. The main range termi-
nates south-west of the Sirohi district. The Aravalli range is pre-Vindhyan
in age. The Arbuda (Mount Abu) which is separated from the Aravall
range by a narrow valley is also pre-Vindhyan in age.®

Arbuda (Abu)—It is also called Ar-bu “the hill of wisdom™ identified
as the Mount Capitalia of Pliny. It is the Mount Abu in the Aravalli range
in the Sirohi district of Rajasthan, 30 kilometres north-west of Abu Road
on the Western Railway and 710 kilometres north of Bombay. It contains
the hermitage of the sage Vasistha and the famous shrine of Amb3a Bhavani.
According to Megasthenes and Arrian the sacred Arbuda or Mount Abu
is identical with Capitalia which attaining an elevation of 1,732 m
rises far above any other summit of the Aravalli Range.” The river called

Law, Mountains of India, p. 17 ; Law, Geo. Essays, pp. 107 fI.

Padma Puyana, Ch. VI,

For details, vide B. C. Law, Holy Places of India, p. 34.

Markandeya Purana, Ch. 57.

Jataka, V, 134.

For details, vide Imperial Gazetleers of India, by W. W. Hunter, pp. 214-215,
« McCrindle, Ancient India as described by Megasthenes and Arvian, p. 147,
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Sabhramati has its source in the Arbudaparvata.! There are many Jain
temples here e.g., the temple of Vimala Sah, dedicated to Adinatha, the first
of the 24 Tirthankaras of the Jains, the temple of Vastupala and Tejapala
dedicated to Neminatha, the 22nd Tirthankara. The famous Jain temples
dedicated to Risabhadeva and Nemindtha on the Mount Abu deserve

mention.?
Abuyagrama®—It may be identified with Abu,

Bhawangaja Hill—Eight kilometres from the town of Barwani. A
place of great sanctity among the Jains. Its name is derived from the popular
idea of the height of the gigantic figure of Gomatesvara, a Jain teacher,
It is visited by many pilgrims on the full moon of the month of Pauga

(January).

Citrakiata—It has been identified by some with Citrakita near
Kilafijara in the Banda district. It is the modern Citrakot or Caturkot
hill near Kampla in Bundelkhand. It is mentioned in the Brhat-
samhita (XIV, 13). It is also identified with Chitoor, the famous fort
of which was captured from the Gurjara-Pratiharas by Krsna III.# Accord-
ing to the Jaina Padma Purdpa (summarized in Bengali by Chintaharan
Chakravorti, p. 20), Rama and Laksmana came at the foot of the Citra-
kata hill in the Malava country. Here the forest was so very thick that it
was difficult to find out any trace of human habitation.

Harsa—1t is a hill on the top of which are found the ruins of an ancient
temple. It is also called Uifichdpahar, which is near the village of
Harsanatha in the Shaikhavati region of Sikar district of Rajasthan about
ten kilometres south of Sikar and 100 km north-west of Jaipur, where a
stone inscription of Cahamana Vigraharaja of the Vikrama year 1930 was
discovered.®

Kuraragharaparvata—It was in Avanti, Mahakaccaya once dwelt here,
A lay female disciple named Kali came to him and asked him to explain in
detail the meaning of a stanza. He did so to her satisfaction.®

Mayiragiri—In the Barhut votive label (No. 28) occurs Mayiragiri,
which is the Mayuraparvata referred to in the Carapavyihabhdsya. In

1. Padma Purana, Ch. 136. For further details, vide Law, Some Jaina Canoni-
cal Sitras, pp. 184-85 ; Rajputana Gazetteers, Vol. I11-A compiled by Erskine pp. 284 ff, ;
The Imperial Gazetteers of India, by W. W. Hunter, Vol. I, pp. 2 ff.

2. For further details, vide Law, Holy Places of India, pp. 52-53.

3. E.I,VIII, 222. .

4. VideJ. B. 0. R. S, 1928, p. 481 ; H. C. Ray, Dynastic History of Northern
India, Vol. 1, p. 689, for epigraphic references.

b, E.I,II, 116 £,
. 6. Adguttava, V, pp. 46-47.
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Luder’s List ( Nos. 778, 796, 798, 808, 860 ) occurs the name of a
place called Moragiri (Mayuragiri). Some have placed it in Madhya
Pradesa.

Pdripdtra Mountains—It is, according to Baudhdyana’s Dharma-
satra (i. 1. 25), the southern limit of Aryavarta. According to the Skanda
Purdna, it is the farthest limit of Kumarikhanda, the centre of Bharatavarsa.
The mountain seems to have lent its name to the country with which it was
associated. Pargiter identifies the Paripatra mountain with that portion
of the modern Vindhya range, which is situated west of Bhopal together
with the Aravalli mountains.}

Rksavat—Rksavat is the ancient name of the modern Vindhya
mountain. It is called by Ptolemy Ouxenton. Ptolemy describes this
mountain as the source of the Toundis, the Dosaran and the Adamas.
According to Ptolemy, the Dosaran is said to have issued from the Rksa.
By the Rksa he meant the central region of the modern Vindhya range north
of the Narmada.?

Udayagiri—It is noted for the rock cut temples excavated in an isolated
sandstone hill. The Udayagiri cave inscription of Candragupta I1 men-
tions this well-known hill with a small village of the same name on the eastern
side about three kilometres to the north-west of Vidisha.® According
to some, this hill stands 7 kilometres north-west of the Vidisha rail-
way station. This ancient site is situated between the Betwa and the Besh
rivers. It contains caves which are twenty in number. The region in
which this hill is situated, was formerly known as Dasarna or Dasanna of the
early Buddhist canon. Dasanna is generally identified with the region
round modern Vidisha. The hill of Udayagiri is about 2 kilometres
in length, its general direction being from south-west to north-east.
Vedisagiri where Mahendra, son of ASoka, stayed with his mother in a
monastery before his departure for Ceylon, might probably be the
same as this Udayagiri hill. The Cave No. 5 is the most important of the
Udayagiri caves from the sculptural point of view. It contains the scene of
Varaha inscription. The Cave No. 6 contains the sculptural representa-
tions of the two Dvarapalas, Visnu, Mahisamardini, and Gane$a. The
Udayagiri caves contain twelve inscriptions of which the four are the
most important. The inscription in the Cave No. 6 discloses that the Sana-
kanikas occupied this region.4

1. Law, Mountains of India, pp. 17-18 ; Law, Geographical Essays, 115 ff.

2. Law, Mountains of India, p. 17,

3. C.I.1.,, Vol II1,

4. Vide D. R. Patil, The Monuments of the Udayagivi hills, published in the
Vikrama Volume, ed. by Dr. R. K. Mookerji, 1948, pp. 377 ff. ; Luard, Gwalior Stats
Gazsetteer, I, p. 296.
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Vedisagiri—It was a mountain on which the VediSagiri-mahi-
vihira was built by Mahinda’s mother. According to the Samanta-
pasadika (p. 70) Mahinda stayed here and from this place he went to Tam-

bapanni.



CHAPTER 11

THE HIMALAYA MOUNTAIN : ITS ORIGIN AND
GEOGRAPHICAL RELATIONS*

One of the most clearly established facts of geological science tells
us of a sea which girdled India along its north face through vast
aeons of time—a true mediterranean sea, which divided the northern conti-
nent of Eurasia (known as Angaraland) from a southern continent of
more or less uncertain borders, but which united within its compass the
present disjointed peninsulas of Africa, Arabia, India and Australia (known
as Gondwanaland).

THE RISE OF THE HIMALAYA :

The rise of the Himalaya from the floor of this mediterranean sea,
the Tethys, is an epic of the geological history of Asia. All the relevant
facts of this event are well dated and documented in the rock-records of
these mountains. The thousands of metres of marine sediments laid down
on the bed of this sea, from the Upper Carboniferous to the Eocene with
their characteristic &ntombed fossils indicative of the successive ages of
deposits, were subjected to protracted compression during later Tertiary
ages, as in a vice, between the two stable continental blocks of peninsular
India to the south and the tableland of Tibet to the north. The uplifting of
the Tethys floor resulting from this compression, its exposure to atmos-
pheric agents and the sculpturing of time have produced the youngest,
largest and highest chain of mountains in the world, a chain that is probably
still growing in altitude.

The rise of the Himalaya from the mediterranean sea-bed was not a
single event but there were three distinct and widely separated phases of
uplift. The earliest phase was post-Eocene. A few patches of the Eocene
nummulitic limestone, a highly certain landmark in geological history, are
found at Kashmir, Hundes and several parts of Eastern Tibet, capping the
pile of marine sediments that had been growing on the ocean floor
since the Upper Carboniferous. This is the last record left by the
Himalayan sea before it vanished. These Eocene rocks now occur at eleva-
tions from 4,500 to 6,000 m. The next upheavals took place at the

*Adapted from Me hnad Saha Memorial Lecture delivered on October 22, 1964,
published in the Proceedings of the National Institute of Sciences of India, Vol. 30,
A, No, 6, 1964, pp. 848-863,
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end of the Miocene epoch, which also involved and lifted the sediments
laid down by rivers in estuaries along the flanks of the embryonic mountain
chain ; these today form the Middle or Lesser Himalaya ranges. The
last movement did not commence till after the very end of the Tertiary and
involved the foothills zone of Siwalik deposits, a system of strata as new as
the Middle Pleistocene and containing within its tilted beds some relics of
early man in India. There is a body of competent evidence, both physical
and biological, to indicate that parts of the Himalaya have risen at least
1,500 m since the Middle Pleistocene. Early man thus witnessed the
growth of this northern barrier interfering more and more with his migra-
tions and intercourse across the steppes of Asia. A great ethnic water-
shed thus came into being early in human history.

Let us try to realise the geographic significance of this earth-feature
that for 26 degrees of meridian presents a wall of 6,000 m mean elevation.
Standing in the path of the prevalent equatorial wind currents, one can
easily imagine what dominating influence this chain must have on the water
and air circulations of Asia, on its climate and physiography, and
through these on the distribution of life on the continent.

GEOGRAPHICAL RELATIONS :

, This mighty range, 2,400 kilometres long and 250-400 km wide, with
a mean elevation of the central axial range of 6,000 m forms by far
the largest feature in the geography of Asia, if not of the world.
The Himalaya is not a single continuous chain or range of mountains, but
a series of more or less parallel or converging ranges intersected by enor-
mous valleys and extensive plateaus. Connecting the Himalaya with the
other ranges of High Asia, and acting like girders in the structural frame-
work of the continent, are the Hindu Kush, the Karakoram, the Kun Lun,
the Tien Shan and the trans-Alai ranges, bound in the knot of the Pamir
(Persian Pa-i-Mir, Foot of the Eminences). From the Pamir, ‘the roof
of the world’, to the borders of China, Tibet and Burma, the Himalaya
extends as an unbroken wall of snow-clad ranges, pierced by passes only a
few of which are less than 5,000 m in height. To the north is the block of
High Asia, the biggest and most elevated land-mass on the earth’s surface,
of which the plateau of Tibet (4,500 m mean altitude), the highest inhabited

region of the world, is only a part. Sinkiang, the Gobi and Mongolia are
the other parts.

For geographical purposes, the long alignment of the Himalayan
system has been divided into : the Punjab Himalaya from the Indus
to the Sutlej, 560 km long ; Kumaun Himalaya from the Sutlej to the
Kali, 320 km ; Nepal Himalaya from the Kali to the Tista, 800 km ;
and the Assam Himalaya from the Tista to the Brahmaputra, 720 km long,
Longitudinally, the system is classified into three parallel zones differ-
ing from one another in well marked orographical, hydrographical as well as
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vegetational features ; (i) the Great Himalaya, composing the ianermost
line of high ranges of perpetual snow; their average height is 6,000m carrying
the peaks Everest (8,848 m), Kanchenjunga (8,598 m), Nanga Parbat
(8,126 m), Nanda Devi (7,817 m), Namcha Barwa (7,756 m), etc. (ii) the
Middle Himalaya—a series of ranges closely related to or bifurcating
from the former, of mean elevation of 3,700-4,500 m ; their average width
is about 80 km ; and (iii) the Outer Himalaya or the Siwalik ranges, which
intervene between the Middle Himalaya and the plains of the Indus and
Ganga ; they are of varying width from 10-50 km, and form a system
of foothills of average height 900-1,200 m.

RIVER SYSTEMS ;

The drainage system of the Himalaya, composed of rivers and
glaciers, is of a eomplex nature. The most important fact to be realised re-
garding the drainage is that it is not, in a large measure, a consequent drain-
age, that is, its formation was not consequent upon the relief of the moun-
tains, but there is clear evidence to show that the principal rivers of
this area were of an age anterior to them. In other words, many of
the great Himalayan rivers, the Indus, the Sutlej, the Bhagirathi, the Alak-
nanda with the other tributaries of the Ganga system, and the Brahmaputra
are older than the mountains they traverse. During the slow process
of mountain-formation by the folding and upheaval of the rock-beds, the
old rivers kept very much to their own channels although working at an
accelerated rate. The great momentum acquired by this upheaval was
expended in eroding their channels at a faster rate. Thus the elevation of
the mountains and the erosion of the valleys proceeding pari passu,
the mountain-chains emerged with a completely developed valley system,
cutting it in very deep transverse gorges. These deep gorges of the Hima-
laya are a highly characteristic feature of these mountains. This circum-
stance of antecedent drainage of the Himalaya explains the peculiarity that
the great rivers drain not only the southern slopes of these mountains but
to a large extent the northern Tibetan slopes as well, the watershed of the
chain being not along its highest peaks but a great distance to the north of
it. This drainage of the northern slopes flows for a time in longitudinal
valleys through Tibet, parallel to the mountain chain, e.g., the Indus,
the Sutlej and the Brahmaputra. But these rivers invariably take an
‘acute bend and descend to the plains of India by cutting across the moun-
tains in the manner described above. These transverse gorges of the Hima-
laya are often thousands of metres (3,000-5,000 m) in depth from the crest
of the bordering precipices to the beds of the rivers.

GLACIERS :

The snow-line, the lowest limit of perpetual snow, on the southern slopes
-of the Himalaya facing the plains of India, varies from 4,300 m in the eastern
‘Himalaya to about 5,800 m in the western. On the opposite Tibetan
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side the snow-line is about 900 m higher, owing to the desiccations of that
regions caused by the absence of moisture-bearing winds. The Great
Himalaya Range is the gathering ground of snow, nourishing a multitude of

glaciers, some of which are among the largest in the world outside
the Polar Circles.

Though a majority of the Himalayan glaciers are three to five kilo-
metres in length, there are giant ice-streams 30 km and upwards, such as
the Milam and the Gangotri glaciers of Kumaun, and Zemu draining the
Kanchenjunga in Sikkim. The largest glaciers of the Indian region
are those of the southern face of the Karakoram, discharging into the Indus
—the Hispar and the Batura, 58-61 km long—while the Biafo and
the Baltoro glaciers of the Shigar, a tributary of the Indus, are about
60 km in length. The lowest limit of descent of the glaciers is very variable ;
while in the eastern part of Assam and Nepal the glaciers move hardly below
the level of 4,000 m, those of Kumaun and Kashmir Himalaya des-
cend to 3,600 m in the former and 2,500 m in the latter.

GEOGRAPHICAL LIMITS :

The exact topographical limits of the Himalaya outside the bounds
of India proper are yet undefined and are a subject of controversy. Accord-
ing to general belief, the Himalaya terminates to the north-west at the great
bend of the Indus near Gilgit, and at the other end in the south-east at a
similar bend of the Brahmaputra in Upper Assam. Both geographers and
geologists have refused to accept this limitation of the Himalaya because,
to them, this theory ignores the essential physical and structural unity of the
ranges beyond the Indus and Brahmaputra rivers.

The convex arcuate trend-line of the Himalayan chain has a great bear-
ing on the mode of origin and formation of this mountain system. For
2,400 kilometres from Assam to Kashmir, the chain follows a southwest-
east-west-northwest direction and then appears to terminate suddenly at
one of the greatest eminence on its axis—Nanga Parbat (8,126 m).
Detailed geological studies of the structure and stratigraphy of this area
have shown that just at this point there is a great acute bend of the axis of
the whole mountain system, which turns sharply to the south and then to the
south-west, passing through Chilas and Hazara instead of pursuing its north-
west trend through Chitral towards Afghanistan. This extraordinary
bend (called syntaxis) affects the whole breadth of the mountains
from the foothills of Jamnu to the Pamirs. At the eastern limit of the Hima-
laya beyond Assam there is a similar deep knee-bend from an easterly to
an abrupt south-westerly trend, away from China. As stated above,
these remarkable inflections as well as the arcuate shape of the mountain
with their convexities facing India are significant and throw light on the
mechanism of mountain-building. It is interpreted as a consequence
of the reaction of the weake¢ned and overloaded Tethyan zone of sedimen-
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tation, compressed between the two stable crust-blocks of Tibet to the north
and the Deccan to the south. As the mountain-building pressures from
the north impinged on the recently elevated pliable mass of Tethyan sedi-
ments and thrust them over and against the triangular resistant block of
the Deccan, they acquired this curvilinear arcuate form. The system of
earth-waves and folds as they emerged from the Tethyan sea had to mould
themselves on the capes and projections of the triangle of the Deccan shield
acting like a nail or pivot in the earth’s crust.

METEOROLOGICAL INFLUENCE :

The Himalaya exercises as dominating an influence on the meteoro-
logic conditions of the Indian sub-continent as over its physical geography,
vitally affecting its air and water circulation system and, through these the
distribution of life on the sub-continent, its migrations and intercourse.
The high snowy ranges have moderating influence on the temperature and
humidity of Northern India. By reason of its altitude and situation
directly in the path of the monsoons, it is most favourably conditioned for
the precipitation of all their contained moisture either as rain or snow.
Snow-fields and glaciers of enormous magnitude are nourished on the
higher ranges which, together with rainfall in the Middle Himalaya feed
a number of noble perennial rivers which course down to the plains in
hundreds of fertilizing tributaries. In this manner the Himalaya has
been a contributing factor in the desiccation which is overspreading Central
Asia and the desertic conditions that inevitably follow continental desicca-
tion. The most significant recent instance of this effect is the vast desert
tract of Tibet and the Tarim basin to its north, the latter occupying an area
as large as the Indo-Gangetic plain ; these are some of the most deso-
late regions of the world today. It is a well-known fact that these deserts
are all recent ; in the case of the Takla Makan, in the Tarim depression,
of late historic growth. These once fertile and well-forested regions have
been fighting against adverse climatic conditions since the end of the Glacial
period, and though they succeeded in preserving the remnants of their forests
and cultivation even to such a late age as the early centuries of the
Christian era, they have since steadily succumbed. The increasing
desiccation of this area, generally admitted to be in a material way
connected with the rise and interposition of the lofty mountains on
their mouth, has had its full toll on the river system which, once exten-
sive and well-developed, has decayed and withered to such an extent
that the few existing rivers lose themselves entirely in the growing sands
and surface debris which they are wholly powerless to sweep away.
The Kun Lun glaciers are wasting away and their vast reservoirs of ice are
retreating. The perennial north-flowing rivers which they once sup-
ported and disappear near the foot of the mountains, either in the piedmont
gravels or in the shifting dunes of Takla Makan, the immense waterless
waste of sand that has replaced the once fertile, lowland stretch of Khotan
and Sinkiang. The water brought by the monsoon winds is turned
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‘back to India by the Himalayan and trans-Himalayan affluents of the Indus,
Ganga and Brahmaputra systems. Thus Northern India is saved from
the gradual desiccation that has overspread Central Asia since early historic

‘times.

FORESTS :

In the physiography of the Himalaya, forests form an important
element. The zonal distribution of forest vegetation from the outer foot-
hills, through the Middle Himalaya to the central ranges, is determined
wholly by the altitudinal factor but bed-rock, soil and other edaphic factors
exert quite a considerable influence. The altitude determines the sub-
tropical, temperate and alpine zones of vegetation as one moves from the
submontane tracts to the snowy ranges. The highest limit of forest growth
in the more humid eastern Himalaya of Sikkim, Bhutan and Assam is
4,600 to 4900 m and in the drier Kumaun and Kashmir Himalaya
the highest limit of tree growth is 4,000 to 4,200 m. Beyond this altitude
trees and shrubs disappear and the mountains assume a rugged wind-swept
and frost-bitten character. They present an aspect of desolate snow-
bound altitudes and long dreary wastes of valleys, depressed lands and
plateaus, totally different from the soft, soil-clad harmony of the middle
ranges, green with their cover of forest and cultivation. The rainfall steadily
diminishes to almost total absence of any rain in the districts lying at the
back of the Kashmir and Nepal high ranges, which in their bleakness and
barrenness partake of the character of Tibet.

MINERAL PRODUCTS :

Though a great extent of the inner Himalaya has yet remained unex-
plored and is terra incognita to geologists, from what has been known so far
of the surveyed areas of these mountains it is apparent that over wide stretches
there are few deposits of minerals and ores of any commercial value.
Productive mineral occurrences so far located are on a moderate scale in
Kashmir, Nepal and Sikkim. The best-known of these are three Ter-
tiary coalfields, bauxite deposits and some zinc in the Jammu sub-
Himalaya, lignite in the Kashmir Valley, copper ore in Sikkim and hitherto
imperfectly known cobalt and nickel ore occurrences in Nepal. Some
antimony deposits in Lahul and fairly extensive magnesite occurrences in the
Kumaun Himalaya have been mapped. Exploration for petroleum in
the outer Tertiary fringe has met with some success in Western Punjab,
and Assam has two or three productive coalfields. Of late, radiation surveys
have revealed significant patches of uranium mineralization in the ancient
crystalline rocks of the Kulu and Garhwal Himalaya.



CHAPTER 11l

THE PHYSIOGRAPHICAL AND STRUCTURAL EVOLUTION
OF THE HIMALAYA.

Physiographically, the Himalaya can be divided into four well marked
orographic units :

1. Sub-Himalaya or the Outer Himalaya of the Siwalik range,
2. Lesser or Middle Himalaya,
3. Great or Inner Himalaya,

4. Trans-or Tibetan Himalaya.

The Sub-Himalayan zone of the Siwalik ranges lies in between the Indo-
Gangetic plains and the Lesser Himalaya. These are chiefly composed
of Tertiary sediments and are related to the latest phase of the Alpine-
Himalayan Orogeny. The Siwalik range makes almost a continuous
chain and is spread for more than 2,400 km from the Indus gorge
in the NW to the river Brahmaputra in the NE of Assam, parallel to the
Himalayan arc. A small gap of 80-90 km between the rivers Tista and
Raidak of the Assam Himalaya cuts through the Siwalik or the outer Hima-
layan range. The Siwalik zone is of varying width from 10 to 50 km,
and its heights seldom exceed 1,300 metres. This belt is generally marked
by an abrupt lowering of heights from the Lesser Himalaya, except in the
eastern part where it has no physiographic individuality but forms the foot-
hill zone of the Lesser Himalaya. A large portion of the Siwaliks or the
Sub-Himalaya is at places separated from the Lesser Himalaya by flat
bottomed valleys, termed duns, which are covered by thick gravels and
alluvium. The best example of such valleys is furnished by the Dehra Dun
valley lying in between the rivers Yamuna and Ganga and many others
like Kota, Patli, Kiarda and other duns, mainly in Nepal.

The Lesser Himalaya is approximately 60 to 80 km in width,
It forms the southern boundary of the Great Himalaya range. The heights
range between 2,000 metres and 3,300 metres. The zone mainly com-
prises the unfossiliferous Purana, Palaeozoic and Mesozoic formations
and “consists chiefly of four branches issuing obliquely from the Great
Range” to quote Pascoe (1964). The Pir Panjal and the Dhaola Dhar ranges

6
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of the Kashmir-Punjab Himalaya are parallel but in the Garhwal-
Kumaun region these are irregularly scattered and do not show any align-
ment. These oblique branches generally decrease in hcights from their
proximal end, and consist of (i) Nag Tibba, given off from Dhaulagiri ;
(ii) Dhaola Dhar from the neighbourhood of Badrinath ; (iii) the Pir Panjal
(the largest of the lesser ranges), from the Sutlej gorge ; and (iv) North-
Kashmir range from the Zoji La, which separates the Jhelum and the Kis-
henganga rivers. In the Nepal region, the outer three parallel ranges
stretching from Kanchenjunga to W. Nepal form the Mahabharat range.
The Mussoorie range between the Ganga and the Sutlej and the Rattan
Pir in the south-western Kashmir are also important.

The Great Himalaya—the highest range, forms a single mountainous
chain generally covered with snowy peaks. Mostly it is composed of gra-
nites and gneisses with some sedimentary horizons in between. Some
of the highest peaks of the Himalaya, i.e., the Kula Kangri (7, 539 m) and
and Chomo Lhari (7,314 m) of Bhutan, Mt. Everest ( 8,848 m ), Kan-
chenjunga (8,598 m), Makalu (8,481 m), and Dhaulagiri (8,172 m),
of Nepal, Nanda Devi (7,817 m) and Bunderpunch (6,315 m) of
Kumaun and the Nanga Parbat (8,126 m) of Kashmir lie in this

Zzone.

The Tibetan Himalaya or the Trans-Himalayan zone is approximately
40 km in width. It lies behind the Great Himalaya and is at places
cut by the south flowing rivers with their basins at an altitude varying
between 3,000 to 4,300 metres. This zone is made up of highly fossiliferous
sedimentary formations ranging from Palaeozoic to the Eocene times.

Glaciation and Glaciers :

The Himalayan glaciers are not constant in length but are considered
to be gradually receeding, and the rate of decrease in their sizes is so irregu-
lar that no general rule can be applied to them. The study of the
diurnal motions of different glaciers has revealed that their velocity per day
varies from 8 cm to 13 cm on the sides to between 20 and 30 cm in the middle.
According to Wadia, Professor K. Mason studied the Himalayan and
the Karakoram glaciers in detail who concluded that the climate does
not govern the velocity of glaciers which is controlled mainly by the topo-
graphy of the region. Mason further observes that the velocity varies from
three cm to several cm per day, and observes that not a single glacier either
of the Himalaya or of the Karakoram show any definite cyclic or

“periodic variations in their velocities. On the basis of their nature and the
extent of glacial activity, as indicated by the movement of the snouts, Wadia
(1961) concludes that ‘“‘these glacial movements may be due to causes which
are in distinct cases, secular, periodic, seasonal, or accidental”.

The Karakoram glaciers are larger than the Himalayan glaciers even
though the present day snowfall is insufficient to feed them. On this
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basis and on the basis of the indications of the Palaeo-glaciers, left over the
areas now devoid of ice, it is thought that the present day numszrous gla-
ciers, snow fields and ice sheets of the Himalaya can bz considered as the
“withered remnants of an older and much more extensive system of ice-
flows and snow-fields which once covered Tibat and the Himalaya™,

The occurrence of ancient glacial moraines at low levels and the
smooth plained or grooved surfaces on the tops and sides of somz of the
Middle Himalayan ranges are significant at an altitude of about 2,160 matres
in the Pir Panjal. In addition, (a) the terminal moraines, (b) U-shaped
valleys at the heads of cirques around Everest, Makalu and Trisuli regions
in Nepal, Badrinath and Kedarnath regions in Garhwal, Tirichmir
and Mt. K, in Gilgit, (c) typical cirque like amphitheatres with steep cliff
faces at low levels in Punch, (d) high level river terraces and the old silted
up lakes in Kashmir and (e) the presence of fluvio-glacial drifts at
much lower levels in Punjab and Garhwal-Kumaun regions, again lead one
to conclude that the Himalayan region has boen affected by at least one
glacial age and spasms of upheavals probably during the Pleistocene times.

Fluvio-Glacial Terraces : All through the Himalaya and parti-
cularly in the river valleys many deposits of gravels and sands at different
levels are common feature. Some of these are considered comparable to
the Siwalik boulder formations while others are of Pleistocene and recent
times. In 1890 Middlemiss studied several boulder terraces above the
Ramganga valley in the Kumaun-Garhwal region and reported that
the recent gravels, cut by the river, lie inclined over the slightly elevated river
banks of the older gravels, covered with thick vegetation. He further added
that the still older terraces are also seen above the younger terraces in the
form of long flat steps one over the other and most of the level portions of
the ‘Dun gravels’ which in turn lie over the northerly gently dipping Upper
Siwalik conglomerates and gravels, which again flatten out beneath the
younger gravels. To this feature he pointed out that the present Ramganga
has cut its valley through several stages and each of the older terraces were
a fore-runner of the present river. Later he and other workers have des-
cribed many more terraces of gravels at varying altitudes in the valleys of
the river Indus, Sutlej, Yamuna, Ganga, Kosi and many others.

In the Kashmir-Punjab Himalaya, the Kulu Valley, the Beas and the
Spiti valleys are characterised by very well developed river terraces. In
the Spiti valley often a series of five river terraces are observed.

Similarly at Balwakot in Kumaun, the terraces of the Kali river are
well developed. Here the lower terrace occurs at 15 metres above the river
and is dissected in the form of a vertical wall. This is followed by another
terrace at about 60 metres above the river, while a third is supposed to be
at about 300 metres above the river level,
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Similarly, east of the Tista river five gravel beds risingto a height
of 92 metres have been noted by Heim and Gansser (1939). Of these, the
upper most and the middle terraces are fairly well developed. Similar
terraces have also been marked east of the Jaldhaka river with high cliffs
towards the west. Here the original southern slope has tilted to develop
a level platform at least 350 metres high and the river has made a down
cutting of at least 137 metres through the Nagrakata terrace. Further west,
along the Murti river, a tributary of the Jaldhaka at Sam Sing the
slope of the river bed rises rapidly towards the mountain side
normally at 5° and at times even upto 10° while a terrace occurs at a height
of 130 metres above the river. This has been compared with the middle
terrace of Nagrakata and considered that these terraces of river Murti are
either the continuation of the Nagrakata plateau or they are slightly higher
stratigraphically ( Heim and Gansser, 1939). Many other terraces of
the Tehri-Garhwal and Joshimath regions in Upper Garhwal are a common
feature of the Ganga-Yamuna system. The river terraces are not only
limited to the Himalaya but are common features all through even in their
extension in Hindu Kush, Sulaiman Range of Baluchistan and Assam
regions. In the western regions the series of terraces lie one over the other
and are a dominant feature along the rivers of Hazara District, filling
broad valleys, e.g. the Haripur plain, the Dori valley, the Abbottabad plain,
to a depth of 90 metres or even more.

It has been already stated that there are good evidences of extensive
glaciation during the pleistocene period of which some of the present gla-
ciers are the remnants. Enormous heaps of ground and terminal moraines
with striated and polished boulders embedded in glacial clays, tills
and gravels of heterogeneous composition have been noted in various parts
of the Himalaya, e.g., in the Haramukh mountain in Kashmir at
the height of 1,680 metres, in the Sind and Lidar valleys at a height
of 2,280 metres, in the Pir Panjal at a height of 1,980 metres, and on
the southern faces of the Dhaola Dhar range at a height of 1,430 metres.
In the Kangra valley, the famous Kangra fans composed of huge boulders
of the Dhaola Dhar granites are laid at levels as low as 910 metres. It is
believed, though not fully confirmed, that these huge granitic masses have
been laid by glacial action. Besides these, as discussed later, many lakes of
Kashmir, Ladakh, Kumaun and Garhwal regions occurring at differant
heights are due to glacial origin and are indirect evidences of large scale gla-
ciations and upheavals. The sudden extinction of most of the Siwalik
mammals after the Pleistocene times gives an additional evidence of an
‘Ice age’ in this part of the Indian sub-continent.

As recorded by de Terra, at least four inter-glacial periods can be
recognised in the Pleistocene deposits of the upper Sind and Lidar valleys
of Kashmir. These glacial moraines are indicated by the oscillations of
the glacial and inter-glacial sediments characterised by carbonaceous
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beds, cross bedded and varved clays with erratic boulders and fossils com-
parable to the lower Karewa beds of Kashmir and sometimes the boulder
conglomerates with the river terraces of the Kashmir valley. Similar
characters have also been noted recently by many workers in the upper
reaches of the rivers Sutlej, Alaknanda, Bhagirathi and their tributaries
in the Garhwal region. Krishnaswamy (1965) and Kaushic (1965) have
concluded that the Himalaya has gone through four to six upheavals.
Similarly, Bordet (1961) thinks that the Kathmandu valley has been affected
by several upheavals and upwarpings. The occurrences of such wide-
spread features with intermittent characters are indicative of upheavals
during Pleistocene and Pliocene periods. These features are summarised
by Wadia (1961) and is reproduced in Table I.

TABLE 1
(Modified after Wadia, 1961)
Period Glacial Stages in Siwaliks  Glacial Cycle in Kashmir
Re-deposited silt 4th ice advance. Termi-
Upper nal moraine at 2,400
to 3,000 metres.
Erosion 3rd Interglacial erosion.
[52]
. Potwar; yellow, loose-like 3rd ice advance : 3-4 re-
silt and gravel. cessional moraines
= Middle Terminal moraines
&) at 2,000 metres.
Erosion Long 2nd Interglacial
© Upper Karewa beds
~ erosion.
© ( Boulder conglomerate stage 2nd  ice advance :
- boulder clay and gra-
m vel in Karewa beds.
J .
=1 Lower A Pinjor Stage 1st Interglacial ; lower
A Karewa beds, birch ;
oaks, pine-forest.
‘Tatrot Stage Ist ice advance. Ter-
minal moraine at
1,700 metres.

Pliocene Dhok Pathan Stage
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The Significance of the Karewa beds : The Karewa series of the Kashmir
valley, as described by de Terra (1939), Middlemiss and Wadia (1941 and
1961), is a very significant unit and may be helpful in deciphering the physio-
graphy and the stratigraphy of Kashmir Himalaya. The Karewa beds
extend for about 80 km in length and vary from 5 to about 25 km
in width.

Lithologically, the series is made up of blue, grey and buff silts, com-
pact sands and conglomerates. At least four embedded glacial moraines
can be recognised in the Pir Panjal between Banihal and Baramula at
different levels, the height being at 3,800 metres from the sea level. The
beds are separated by an erosive unconformity in two series, the Lower and
the Upper Karewa beds. The Lower Karewa beds are folded and denuded
on tops of two anticlines. Though the total thickness of the series exceeds
2,330 metres, the true thickness is difficult to estimate owing to their
folding and denudation. The Upper Karewas are generally horizontal
beds of fine blue sandy clays, loams and sands with lenticles of conglomerate.
The occurrence of varved clays of the glacial moraine even at the height of
upto 3,800 metres above sea level and of the local dips even to 40° with
monoclinal bends, all point to oscillations even in the glacial times.
Further, the workable seems of lignite at a few locations in the top beds
allow one to infer that the Pir Panjal has been elevated through upheavals
after the deposition of the Karewas.

During the Pleistocene and Recent times the base level of the river
systems have gone down as a result of glaciation and spasms of uplifts—
thus causing an increase of gradients in their courses. The increase in gra-
dients have also resulted in an increase of the erosive capacity of the
rivers resulting in a rapid dissection of the ancient valley bottoms. Further
the reported moraines and the terraces all along the valleys of Kali at Malpa
in Kumaun at a height of 2,150 metres, on the Goriganga at a height of
2,000 metres and on the Alaknanda at a height of 2,030 metres above sea
level indicate the movements of the past glaciations during the Pleistocene
glaciation.

Himalayan Rivers :

The drainage and the development of the watershed in the Hima-
laya are not simple. It can be imagined that initially the drainage system
should have originated in the Great Himalaya, but the main drainage
arises either in the northern plateau of the Tibetan Himalaya or originates
at the southern faces of the Lesser or the Great Himalaya. This pheno-
menon has been attributed to the popularly known ‘“antecedent drainage”
or the simultaneous development of river systems along with the orogenic
processes i.e., the rise of the Himalayan chains. Another hypothesis used
to explain the phenomenon is headward erosion or ‘river piracy’.
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Antecedent Drainage 3 According to this view, the rivers were
already in existence before the rise of the Himalayan mountain chains
and flowed from the higher Tibetan plateau to the Indo-Gangetic plain.
This trend continued through the orogenic processes forming the ranges of
the Himalaya and deep transverse gorges were cut in these ranges
pari passu with the upheavals of the land masses, and the building of
the mountain chains. Rivers like Indus, Sutley and Brahmaputra are
accepted as the best examples of this process.

Of the rivers of the Ganga Syetem only a few have their sources in
Tibet, which may be considered as antecedent. River Arun of Nepal
is cited as an example of antecedent dramage in this region.
This river rises at a height of about 7,400 metres, and after dropping
at 4,650 metres, it becomes a ‘“‘braided river” flowing eastward through
a valley flanked with terraces of gravels. At about 4,340 metres, it
abruptly cuts through the schists in the small Yori gorge. After flowing for
a short distance in a valley it runs again through the long and deep
gorges lying between Mt. Everest and Kanchenjunga, and emerges at
an altitude of about 1,335 metres. Some of the Iudian Geologists
belicve that the Arun gorge is an antecedent one, but Wager (1937), based
on his observations in 1933 concluded that the course of the rivers was estab-
lished long ago on a “mountain slope which formed the descent from the
Tibetan plateau to the Ganges plain” or the sea. On the basis of the dips
of 15° at the higher terraces and 5° at the lower, Bordet (1961) suggests that
the mountains are probably still rising against the down cutting of the river
Arun and believes that the movements are ““still in progress’.

Holmes (1964) however considers that these antecedent rivers have
not maintained their courses continually against the rise of the mountain
chains, a few of which are “anteposed”. This was probably attained irregu-
larly and at times, when the ‘‘uparching” of the Himalayan branches was
fairly active in order to check the flow and thus “‘pond-back the rivers”
until they overflowed and resumed their downward erosion.

An example of this type can also be considered to be the Kathmandu
‘Valley. This valley is floored with sediments similar to the infillings
of a lake and the region has the form of ‘“an amphitheatre surrounded
by spurs” of Middle Himalaya and the Mahabharata range in the
south. The upper Baghmati and its tributaries show a notable example of
centripetal drainage and there is only one exit for the Baghmati (lower), that
is, through a deep gorge cut across the Mahabharat range.

River Piracy : The other view on the development of drainage and the
shifting of the water divide takes note of the varying amount of rainfall in
-the different regions of Himalaya. Due to the direct showers of the
.monsoons, there is much more rainfall on the southern faces of the
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Himalaya as compared to the northern side of the massif or the Tibetan
highlands. Also the rainfall is far greater in the eastern parts than the
western Himalaya. As such, the rainfall is maximum in the Assam and
NEFA regions and gradually decreases to the west and north. In the Tibet,
Kashmir, Hazara, Gilgit and Baluchistan the rainfall is scanty, and the
erosion due to rain or running waters is less significant here than on the
southern slopes of Great Himalaya.

As a result of this, it is argued that the north flowing rivers in Tibet
and Sinkiang have little chance of cutting the Great Himalaya by
headward erosion than the south flowing rivers, and the latter there-
fore capture the north flowing ones due to their rapid headward erosion,
i.e. “River Capture or Piracy”. According to Pascoe (1964) the Lachen
river to the east of Kanchenjunga, for instance, is thought to have
captured much of what was formerly the watershed between the northern
and southern systems of drainage. This deduction follows from the presence
of erratic blocks of granite originally derived from the Kanchenjunga
massif which now lie scattered on the hills above the surrounding Yaru Plain,
proving that the drainage from Kanchenjunga and its neighbourhood must,
at one time, have had a northerly trend.

River Sutlej is another outstanding example of river piracy. Pascoe
(1964) writes that Gen. Strachey observed “the Sub-Recent deposits in the
Sutlej valley in Hundes extend southwards to the crest of Niti Pass
and that a detached portion of these, is even seen two or three miles
to the south of the crest” indicating that the ‘“‘original watershed” of the
river must have run further south which is another proof of ‘“‘encroachment
on the northern drainage area”. The valleys of the rivers Bhagirathi, and
Tista are other notable examples of river piracy.

River Valleys and their configuration : It has already been indicated
that the Himalayan rivers are antecedent and have consequently eroded
deep gorges through the Himalayan chains and ranges. The charac-
ters and nature of their valleys is rather complicated with immature and
youthful valley profiles that have undergone rejuvenation due to later up-
heavals. The drainage of the northern slopes is longitudinal and some-
times with meanders and wide basins and troughs parallel to the mountain
chains. However, after a while all the rivers invariably make an acute bend
and cut across deep transverse gorges sometimes hundreds of metres in
depth. The valleys are generally “V’ shaped but ‘U’ shaped valleys along the
same river courses are not uncommon. These rivers show marked
meanders in flat wide valleys which are anomalous at such high gradients.
These are sometimes alternated with straight alignments and deep gorges,
which are generally not controlled by the prevalent NW-SE Himalayan
structure. The other common features in these valleys are the river-terraces,
rock-terraces, knick points, slip-off slopes, hanging valleys, faceted spurs,
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rock islands, multi-storeyed valleys and other characters of rejuvenation due
to intermittent upheavals or spasms.

The peculiar configuration of the Himalayan river valleys is chiefly
due to (i) the transverse gorges, (ii) the nature of rocks and (iii) the amount
of rainfall in a region. In the western and central regions the broad
‘V> shaped valleys in softer rocks are always present above the deep
‘U’ shaped narrow gorges or canyons, which are sometimes more than 50 km
in length, e.g. the Gilgit gorge. In the eastern Assam and NEFA
regions the valleys are comparatively broad and much shorter with straight
gentle slopes, and river-erosion is the main cause of denudation.

With the mountain building processes, the valleys have been upheaved
and rejuvenated again and again, and because of the different rock
characters and structures affecting their surfaces rapids, cataracts, cascades
and waterfalls are common throughout the Himalayan chains. In addi-
tion, another important geomorphic development is the predominant nets
work of rectangular or trapezoid topographic features in between the valleys
or the ranges particularly in the central zone or at the syntaxial bends. These
may be due to a series of tear faults affecting these regions. Most of these
are also characterised with glacial markings, pockets of gravel terraces and
unusual sediments resting at steep slopes.

From the foregoing it is evident that the peculiar configuration of the
major Himalayan valleys is chiefly due to a series of narrow neck-like trans-
verse ravines and gorges alternated with oblong and wide valleys similar
to a lengthwise chain of long necked bottles. The morphology of these
valleys or narrow defiles may have further been modified due to the avalanche
debris and/or glacial moraines or landslides. In the course of a river
such places are clearly marked by a sudden widening of the valleys—indicat-
ing a damming of the river and the creation of a natural reservoir in the
recent past. Other important evidences of such morphological changes are
the occurrences of ‘pot holes’, rock and river terraces, cusps and allu-
vial deposits at higher levels of a valley, and formation of epigenetic gorges
with steep convex slopes, so common in the Western and Central Hima-
laya.

4, Lakes:

As compared to the Alps or the other important mountain systems of
the world, lakes are not very common in the Himalaya. Thus they
play an insignificant role in the physiography or geomorphology or the
drainage system of the Himalayan region. Amongst many lake basins of
the Tibetan plateau the important ones are the Manasarowar (350 sq km)
and Rakas (260 sq km). These are sweet water lakes situated at an
altitude of 4,540 m on the south side of the Kailas, while others contain
mostly saline water as they do not have any outlets.

7
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In Kumaun, the lakes like Khurpa Tal, Naini Tal, Bhim Tal, Nauka-
chia Tal, Malwa Tal are comparatively small and are described by
Thomas (1952) to be lying in a belt 25 km long and 32 km broad near the
border of the sub-Himalayan zone, ‘‘a naturally dissected peneplain”,
50 km wide, and at an altitude of 2,400 metres between the Siwaliks on the
south and the main Himalayan ranges on the north. Ball in 1878 considered
the Kumaun lakes to be of landslip origin. Theobald (1888) like Blanford,
supported a glacial origin, while Medlicott (1881) considered thesc to be
due to hypogene groundwater movements. In 1890 Middlemiss suggested a
differential uplift and subsidence, along groups of fractures aided by
the dissolution of local iimestones. Based on the study of the geological
structures and the geology of the area by Heim and Gansser (1939) and
Auden (1942), Thomas (1952) discussed the origin of Kumaun lakes in
detail. Thomas believed that the recent earth movements and diversified litho-
logy were the two main factors responsible for their origin. He states that
“frequency of lakes iu the small region at this time may be connected with
the recent movements. The irregularly eroded surface of Siwaliks over
which the Krol Nappe has moved musi have contributed to the formation of
surface irregularities consequent upon the breaking up of the thrust mass”.

In the Kashmir—Ladakh region the fresh water Dal and Wular lakes
of the valley, the Tso Morari (120 sq km) at an altitude of 4,600 metres in
Rupshu, the Pangong and the Salt lakes of Lingzi Tang at 4,250 metres height
in Ladakh are the important ones. In the Sub-Himalayan region of the
Jammu province two small lakes, Surum and Mansar, lie at the crest of an
eroded anticline. According to Oldham, the fresh water lakes of Kashmir
valley are the “inundated hollows” in the Jhelum alluvium, similar to the
ox-bow lakes, meanders and jhils of the Ganga plains. In the case of the
lakes of the higher regions, the presence of old terraces, beach marks and
varved clays at higher levels indicate that these lakes are due to the uplift
of the region or the blockage of streams by large blocks of more resistant
rocks probably of glacial origin or might even have been produced by land-
slips at different stages of their geological history.

Origin of Himalayan Lakes : Three different views have been prevalent
amongst the Geologists and the Geographers regarding the origin of the
lakes. According to F. Drew (1875), lakes characterised by long and narrow
valleys, have been formed by the damming of the side valleys of their tri-
‘butaries by alluvial fans. Oldham (1880) considered that the develop-
ment of the Tibetan and Kumaun lakes was caused by the blockage
of the river channels brought about by the comparatively faster tectonic up-
lift of a portion of the river beds compared to the erosional action of these
rivers. Huntington (1906) attributed the Tibetan lakes to be the erosional
hollows, scooped out by glaciers. Some lakes of this type have also
been reported in other parts of the world, but there are no evidence to sup-
port this hypothesis as far as the origin of the Tibetan lakes is con-



EVOLUTION OF HIMALAYA s}

cerned. Notwithstanding the divergent views presented for their origin,
from what has been said above and the nature of their occurrence, the lakes
of the different Himalayan regions could be considered as owing to any or a
combination of several of the folowing processes :—

(a) Damming up of the main river-valleys by the alluvial fans of
the side valleys ; (b) The Partial blockage of river beds due to the faster
uplift of a portion of the river bed compared to the cutting of the streams ;
(c) Scooping of hollows by glaciers ; (d) Blockage of streams by differen-
tial earth movements ; (e) Blockage of streams by landslips, glaciers
etc. ; (f) Processes such as those which produced the jhils and meanders

of the Gangetic plains.

Two particular features of the Tibetan and the Ladakh lakes are :
(i) their increasing salinity, and (ii) the diminution of their volumes
in recent geological times. The first of these is due to the absence of any
outlets and regular accummulation of salts caused by perennial evaporation
of waters from their basins, while the decrease in volume may be the result
of recent uplifts of their basins.

5. Structure of the Himalaya :

Like all great mountain chains of the world the Himalaya is of the
“folded” type. Thus the relief of the ground is closely related to the axis
of the uplift and the strike of the trend of the mountain system. Since the
last century and particularly during recent years considerable interest has
been shown by travellers, geologists and geographers in the study and
evaluation of the Himalayan structures. The greater part of the mountain
is yet to be explored and almost afl present knowledge about the
Himalaya has come from the mountain expeditions and from geologists who
have done pioneering work, noted among whom are Medlicott (1864-
87) Middlemiss (1885-1913), Oldham (1883-1917), Hayden (1904-15) Bur-
rard (1907), Pilgrim (1928), West (1928), Wadia (1927), Wager (1937),
Auden (1932-53) Heim (1934 and 1956), Gansser (1934 and 1964), Hagen
(1951-60), Bordet (1955 and 1961) and several others. Studies of the Hima-
layan structures by these authors have led them to the conclusion
that a crustal shortening of approximately 400 km has taken place, and the
major structures of the Himalaya are comparable to those of the Alps in

many respects.

The structure of the outer or sub-Himalaya is comparatively simple,
it is made up of a series of normal anticlines and synclines of Jura type
structures. On the south side, the outer Himalaya shows a series of steep
escarpments and dip slopes separated by longitudinal depressions, the duns
and other tectonic valleys. In between these, the reversed Main Boundary
Fault or the Krol thrusts are characteristic of the tectonic framework in
these ranges. The Main Boundary Fault extends all along the foot-hills
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from Assam to Punjab (Fig. 1) while others are of smaller dimensions. From
south to north in the Kashmir, Punjab and Garhwal regions there are the
Murrees and Nahan thrusts followed by the Panjal and Krol thrusts which
in turn are followed by the Zaskar, Giri and the Garhwal thrusts towards
the central ranges (see Figs. 2,3 and 4). The width of the duns and the
Siwalik zone is thus affected by the outer thrusts. In some regions
e.g., near Dehra Dun it is fairly wide whereas in others it is completely missing
as in south of Darjeeling where the thrusts sheets have overridden the
whole of the Tertiary zone including the Siwaliks and lies at the edge
of the Bengal—Assam plains, e.g., the Buxa series.

Considering the tectonics, Wadia (1957) has classified the NW Himalaya
into the following structural zones :

Structural zones :
Foreland 1. Siwalik belt characterised by Jura type of
open simple folds and reverse strike faults.
2. Sirmur belt—comprises more tight folding
and steep strike faults.

Autochthonous Fold zone :
3. Carboniferous—Eocene belt includes Car-
boniferous—Triassic cores within the recum-
bent folds of Eocene. '

Nappe Zone :
4, Purana slate belt consisting of unfossiliferous
Palaeozoic and Mesozoic formations.
5. Crystalline belt of Metamorphic rock intruded
by granites.
6. Tibetan belt, includes marine sediments from
Cambrian to Eocene.

Valdiya (1964) has divided the Himalaya from Indus to Brahma-
putra into five tectonic sub-divisions : (i) the autochthonous Siwalik zone
(ii) the Para-autochthonous Lesser Himalayan zone, (iii) the Krol Nappe,
(iv) the Kashmir nappe system and (v) the Tethys Himalaya. For pur-
poses of comparison a correlation of the different Himalayan tectonic sub-
divisions from west to east has been proposed in Table II.

Kashmir Himalaya : In the Kashmir region Wadia’s view (1939, 1933)
has been generally accepted. As stated earlier he has classified the Kashmir
Himalaya into three broad tectonic zones (Fig. 2) :

1. Foreland—which is almost a peneplain containing mostly Ter-
tiary sediments of Molasse facies,
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2. Autochthonous belt—It includes the rocks mainly ranging from
Carboniferous to Eocene in age and are characterised by recumbent types
of folds. The autochthonous belt has been thrusted over the foreland which
underlies the Murree series. The Murree thrust shows a greater vertical dis-
placement and is much more steep compared to the Panjal and the Zask:.r
thrusts.

3. Nappe zone—The Kashmir nappe is mainly composed of the
pre-Cambrian Salkhala series overlain by the Dogra slates forming
the floor of the great geosyncline that has moved forwards along the Panjal
thrust in a horizontal sheet. In various parts of the Kashmir region
the Salkhala series and the Dogra slates are overlain by the Palacozoic
and Triassic deposits. The root zone of the Kashmir nappe is formed
of another tectonic unit in the great Himalayan range, which is the princi-
pal geanticline within the main Himalayan geosyncline. It is composed
mainly of the Archaean and pre-Cambrian formations which have been
intruded by several granitic masses and epidioritic bodies. The different
phases of the Himalayan uplift must have been associated with various
phases of the granitic activity a few of which are recognised as posi-Cre
taceous.

Simla Himalaya : The detailed study and mapping of the Simla rocks
have been made by Pilgrim and West (1928) and by West (1939).
Their interpretations of the geology and structure of the Simla region have
revolutionized the previous concepts though a slight modification has
been made by Berthelsen (1951). According to West, four major sheets
Krol, Giri, Chail and Jutogh occur in the form of great recumbent folds
(Fig. 3) along which the strata have moved bodily from NE towards SW in
the autochthonous belt, while the Carboniferous and the Permian rocks
have been pushed along the Krol thrust over the Tertiaries’ and the
older Ju:ogh, and Chails have been piled up over the Blaini and the massive
Krol limestones. . Structural and the metamorphic investigations made in
other similar areas also show that the highly metamorphosed pre-Cam-
brian Jutogh schists and the Chails form the mountain top and overlie
the younger Krols and the Blaini boulder beds. The latter groups are less
altered and develop a klippe structure. The nappe zone of the Simla forma-
tions starting from Solon are separated from the Krols by the Jutogh and
Chail thrust, which are considered equivalent to the Panjal thrust of Kashmir
(Wadia, 1961). In the Krols the tectonic sequence, given by West,
indicates that two nappes, the Krol and the Garhwal of the Palacozoic and
the older rocks, override the autochthonous fold belt of the Tertiaries of
the outer Himalaya.

North of Simla, the Shali Tertiary formations occur in a window
exposed due to the denudation of the overlying older formations. Simi-
larly, the cropping out of the Nummulitic limestones and Dagshai

8
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‘beds near Solan and Subathu from beneath the Krol nappe reveal the window
structures of the younger beds (Fig. 3).

Garhwal Himalaya : Meddlicott (1864), Middlemiss (1887) and Greis-
back (1891), studied the Garhwal Himalaya as early as in the nineteenth
century and the lithology and stratigraphy given by them have formed
the basis of all later studies though no satisfactory explanations were offered
to explain the complex structure of the area. Middlemiss was puzzled to
note the occurrence of highly crystalline schists and gneisses (Klippe) on
the tops of the mountains surrounded on all sides by the less altered unmeta-
morphosed arenaceous and argillaceous sediments with Nummulitic lime-
stone dipping towards the older formations. Some fifty years later,
Auden (1934, 1937), discussing in greater detail the tectonics of the
Garhwal Himalaya in two of his papers, divided the regions into six struc-
tural sub-divisions (Fig. 4).

1. The autochthonous belt, the base of which is supposed to have
been formed of the Simla slates, overlain by Nummulitic limestones, Dag-
shais, Kasaulis, and other Siwalik formations. The rocks are slightly folded
and faulted. Auden considers that this autochthonous belt starting from
the duns might be extending even upto 30 km into the Himalaya.

2. Krol Nappe : This unit is composed of the Jaunsar and the
Krol formations thrusted over the Tertiaries of the autochthonous belt.
Recently Ranga Rao (1963) has discussed the possibility of the Krol belt
being a part of the autochthonous unit. However, his views cannot
be generalised at the present stage without further detailed work. East of
Katri and Chakrata, the Krol belt formations occur in a major syncline—
the Mussoorie synclinal hills, on top of which are the ‘Klippe’ of the
-metamorphosed equivalents of the Jutogh—Chail series of the Simla area.

3. Garhwal Nappe : It is considered to have been thrusted over the
Krol Nappe zones with its root zone in the Great Hlmalaya and includes
the crystalline rocks of the Garhwal series.

4. Main Himalayan Zone : It is the root zone of the Garhwal
‘Nappe and is composed of para-gneisses and schists, sometimes with well
developed kyanite, garnet and other minerals.

5. Central Autochthonous zone : This zone lies further in the
north of the Main Himalayan zone and is composed mainly of the granites
intruding within the para-gneisses and schists.

6. Tibetan zone : It consists mainly of the Tethyan fossiliferous
sediments ranging from Cambrian to Cretaceous and Eocene times. The
rocks are considered to have upheaved by the late orogenic movements.
‘Later in 1939, Heim and Gansser, have shown the structural relations
of Nappes and Thrust sheet movements in the Garhwal, Kumaun and Tibet
regions.
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Nepal Himalaya : During recent years the Nepal Himalaya have
attracted much attention and several investigators have studied it, but much
is yet to be done. The early works of Hooker (1848) and Meddlicott (1875)
are notable. In the later part of the last century and the b:ginning of the
present, several others have visited the Nepal Himalaya but the accounts
of Auden in 1935 can be taken as important contribution on the
geology and structure of this region based on a few traverses in connection
with 1934 Nepal-Bihar earthquake. Later in 1939, Heim and Gansser also
studied a part of NW Nepal and described the structure along R. Kali,
During the fifties Hagen carried out intensive field studies for eight years on
behalf of the Government of Nepal (much of which is still unpublished).
In the course of the Swiss Everest Expedition in 1958 Lombard (1958) and
Bordet (1955, 1959, 1961) gave a good account of the geology of Everest
based on the field studies during the French Makalu Expedition. The three
workers : Hagen (1959), Lombard (1958) and Bordet (1961). studied
almost the same sections from Everest to the Ganga but have differed in
their interpretations.

Starting from south to north, Bordet (1961) observes that the contact
between the Upper Dharan Series (U. Siwaliks) and the Gangetic plain is
covered under thick alluvium and suggests that this may be due to the
existence of a fault or an overthrust. However, the Siwalik balt
of Nepal is better differentiated as compared to their western extensions in
Kumaun. At the foot of the Upper Dharan formation, the occurrence of
thick fluvio-glacial deposits with progressively inclined dips 5°—15° from
the younger to the older terraces occurring towards the Main Boundary
Fault and certain local thrusts in the Recent and Sub-recent deposits indicate
of the later epirogenic movements. (Hagen 1956, 59).

Geologically and tectonically Hagen has divided the lower Nepal
Himalaya into two units, i.e. (i) Nuwakot—Pyuthan unit and (ii) Kat-
mandu unit. The former mainly comprises the sedimentary forma-
tions in belts or zones while the latter consists of the crystallines. He
has correlated the Nuwakot unit and the Katmandu unit with the Krol
nappe and the Garhwal nappe of Auden and the Almora thrust sheet of
Heim and Gansser (1939). The Nuwakot unit has been further divided
into four nappes. Lombard (1959) described the crystalline zone of Eastern
Nepal as Khumbu Nappe, equivalent to Katmandu unit No. 5 of
Hagen. However, Hagen accepts the terms of Lombard but has divided
the Khumbu nappe zone into three sub-zones and the No. 3 zone into three
smaller units.

Bordet does not agree to the idea of multiple nappes in the lower Nepal
Himalaya, which has been shown by Hagen because comparatively
fewer nappe zones have been marked by other authors in the eastern
(Bordet and Lombard) as well as in the western parts of the Nepal Hima-
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laya. While describing the Arun river sections he has marked seven
units, the migmatites, the mica schists, the lower quartzites, the lower
phyllites, the upper quartzites, the calc-schists and the upper phyllites within
the Lower Himalaya. These can be summarised as :—

The Ganga Plain Dharan series (L. Siwalik)
The Border Unit Sanguri series
The Lower Himalayan Unit (a) The migmatites
(From border zone to (b) The mica schists
the high peaks) (¢) The lower quartzites

(d) The lower phyllites
(e) The upper quartzites
(f) The calc-schists

(g) The upper phyllites

The Higher Himalayan Unit (a) The gneisses of Barun
(b) The migmatites of Barun
(c) The black gneisses
(d) The Makalu granite
(e) The Everest series

_ Darjeeling, Sikkim and Bhutan Himalaya : In 1854 Hooker, published
some geological reports of his traverses in many parts of Sikkim.
Later, a part of the Darjeeling as well as of the Sikkim Himalaya was studied
by Mallet (1875) who has given an excellent account of the foothill regions.
The inner contact of the Siwaliks has been found to be a thrust plane against
the Gondwana formations, which is the Main Boundary Fault. In this
region at the Tindharia Railway station the Gondwana formations lie under-
neath the highly metamorphosed rocks on the top of the steep slope. The.
schists and gneisses in the cuttings show a higher degree of metamorphism
than the rocks below which are of lower grade. Auden (1935) has shown
the existence of a distinct thrust between the Darjeeling gneisses and the
Gondwana formations. Heim and Gansser (1939) confirm the observa-
tions of Auden and conclude that the Darjeeling gneisses and their
continuation in the Kanchenjunga massif belong to a huge recumbent anti-
clinal thrust from north to south of more than 80 kilometres (Fig. 5),
and have given the following sequence. From south to north the tectonics
can be given as :—

Siwaliks
Main Boundary Fault

Gondwana—(Damuda series as Tectonic windows)
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Nappe zone

Daling series i. Slates
1. Schists

Darjeeling series

Darjeeling gneiss

In common with the tectonics of the Darjeeling Himalaya, Nautiyal
and others (1964) consider the highly metamorphosed Thimphu series in
Bhutan equivalent to the Darjeeling series. The high grade garnet, kyanite,
sillimanite rich schists, gneisses and the calc silicate rocks like as a thrust
sheet over the less metamorphosed pelitic and psammitic rocks which
constitute the Sanchi and the Chekka series comparable to the Daling series
of Sikkim. To the south, the Sanchi series is overlain by isolated and dis-
connected outcrops of the Buxa series, which are considered equivalent to
the Krol—Tal formations of the Kumaun Himalaya.

Assam Himalaya : The Assam Himalaya includes hills like the Aka
hills, the Daphla hills, the Miri hills, the Abor hills and the Mishmi hills.
A few of these were first studied by Godwin Austen (1875) followed
by La Touche (1883), Maclaren (1903) and Ghosh (1905). Besides these,
some minor accounts are also available in a few papers from the Burmah
Shell oil geologists, e.g. Evans (1932, 1959, 1964) ; but no detailed studies
appear to have been made regarding the structure of this part of the Hima-
laya. The Siwalik belts exposed in Sikkim and Bhutan continue in Assam
and NEFA regions which are separated from the Gondwana forma-
tions by the Main Boundary Fault and the underlying Gondwanas are
bordered with high grade micaceous slates, schists and gneiss.
The Gondwana rocks in this region are interbedded and covered by a
thick sequence of volcanics consisting of reddish to dark green lava flows,
called the Abor volcanics. Towards the north they are followed by sericite
schists quartzites, brecciated dolomitic limestones and still higher grade
rocks. These can be compared to the ‘Buxas’ and ‘Dalings’ of the
Darjeeling Himalaya while the Abor traps on the basis of their litho-
logy may be considered equivalent to the Panjal traps of Kashmir.

Syntaxial Bends :

(i) North-West Himalayan Syntaxis: 1t has already been noted
that the Himalayas terminate both in the East and the West in sharp acute
syntaxial bends caused by the north-westward and north-eastward spurs
of the Indian Peninsular shield which extend below the Indo-Gangetic plain.
Around both these bends the mountain ranges swing southwards into
Baluchistan in the west and the Burmese arc in the east. The north-western
bend is known as the N.W. syntaxis of Kashmir and Hazara districts,
and the north-eastern as the Assam syntaxis. Geologically, the formzr
is much better known as compared to that of the latter,
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The syntaxis of Kashmir—Hazara region has been treated in detail by
Wadia (1931). In this region the Salt Range is off-sst by ths Sulaiman
range, while west of the R. Indus the Hazara range of the main Himalaya
makes a loop southwards around Nanga Parbat into the Sulaiman and again
the swerves around into the Kirthar ranges near Quctta. Along with the
bending of the mountain ranges the strikes and the structures of the rocks
also swing and are continued in these southward extensions, prescrving the
individual fold axes, and the stratigraphy of the rocks. While discussing the
N.W. syntaxis Wadia and West (1964) explain the origin of these bends due
to a reversal of the N.E. Hazara strike to SW in the Sulaiman which
in turn might have been caused by the “‘moulding of the Himalayan orogeny
as-it merged from the Tethys round a tongue-like projection of Gondwana
massif—the Punjab wedge. On meeting this obstruction the northerly
earth-pressures resolved into two components, one acting from the north-
east and the other from the north-west against the shoulder of this trian-
gular promontory”. He further observes that the Hazara region is similar
to the Kashmir Himalaya both in structure and in physiography.

West of the Indus and immediately north of the Salt Range a narrow
belt of ophiolitic rocks is found to continue underneath the Hindu Kush.
On the other hand the Sulaiman range ‘‘develops into a well marked system
of folds arching garland-like and joining the southern Baluchistan ranges at
Quetta” into the Kirthar and the Baluchistan ranges which also continue
southwards and have “‘produced some garland folding on a smaller scale
similar to the Sulaiman arching”. All these formations of the Western
Himalayan extensions show a large virgation towards the west with east-
west directed steeply folded ranges in Flysch type lower Tertiary forma
tions. According to Gansser (1964) these archings, virgations and garland-
like syntaxial folds of the Sulaiman and Baluchistan arcs may have been
caused, ‘‘by basement influence of the Indian Shield similar to, but smaller
in magnitude than the Himalayan Syntaxis”.

Syntaxial Bend of NE Himalaya : The eastern extremity of
the Himalaya range, like the Kashmir—Hazara syntaxis, also terminates
in the Upper Assam syntaxial bend where the Himalayan arc joins
the Assam and the Burmese arcs. The evidences point to the strike of the
rocks also taking knee-bend towards the south western and then southern
directions. Gansser further adds that the Assam wedge with its large granite
pluton has acted as a pivot and instead of pursuing its course towards China,
as was once presumed, the entire Himalayan chain turns sharply on itself
near the peak of Namcha Barwa (7,756 m) and takes at first a south-western
and then a southern course”. On flying over the regions of Assam
where the two ranges meet, Lees (1952) expressed his visual impressions that
“Naga (Patkai front) structures strike into the Himalayan front and are
overridden by it. There seemed no indication of a swing of strike from one
system into the other but rather that the Himalayas were dominant over
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their weaker neighbour” and the country between the Himalayan and
the Burmese arcs (Arakan Yoma) has been ‘‘sliced by cross-faults into
blocks that have pushed southwards en-echalon’. Gansser (1964) is also
lends his weight to the latter view when he writes that the Himalayan strikes
“do not turn around the Eastern Himalayan Syntaxis but are cut off
by crystalline thrust masses which continue southwards to join the crystal-
line masses of Shan plateau of Central Burma”. 1In view of the above,
the ranges of Arakan Yoma are problematic as the Flysch 1ype
Cretaceous sediments with their intrusives lie along a fault zone in
contrast to the rocks of the Sulaiman range of thc Western Extra
Peninsular region.

The occurrence of such anomalous syntaxial bends do not seem to be
very uncommon along the Himalayan mountain chain system. Based on
the present day knowledge of the various Himalayan zones, which has been
already discussed, minor syntaxial bends can be easily recognised on
large scale topographical and geological maps. Near Dalhousic the
NW-SE strike takes a southern trend ; in Simla-Bilaspur region the
Flysch and Molasse formations are arched and affected by strike thrusts
and faults and again in Mussoorie-Rishikesh region the rocks swing almost
north-south and are affected by the prominent Yamuna and Ganga tear
faults. Similarly the N-S asymmetrical folds in various parts of Nepal
particularly those of Arun and Honggoan, and the existence of frag-
ments of the older thrust sheets on the younger rocks as found in the
Darjeeling-Sikkim Himalaya are noteworthy.

Also, the occurrences of shield massifs in Assam, in the Ambala-
Delhi ridge, in the pre-Cambrian and pre-Aravalli formations of the
Shahpur ridge in the Indus-Sutlej basin of Pakistan plains and also in
the deep wells drilled for oil explorations in the Indo-Gangetic plain and
the foothill zone of the Siwaliks, tempt one to compare the loops and swings
of strikes around the oblique strikes of older orogenies as well as the trans-
verse faults or tear faults which are also recognised on the aerial photo-
graphs with the syntaxial bends of the Himalayan systems. These minor
syntaxial flexures or ‘festoons’ might as well be the result of the ramifications
of the Indian Peninsular shicld extending underneath the alluvial plains
and the Siwalik molasse facies.

6. Geological History of the Himalaya

The history of the Himalaya can reasonably be traced as far back as
to the Archaean times and it is considered that the rock formations of that
era form the basement for these mighty mountain chains.

Pre-Cambrian and early Cambrian History : The orogeny responsiBle
for the rise of the Aravalli range has left a profound mark on the Himalayan
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tectonics (Auden, 1935). From the geological or physiographic map of
India it is evident that the Aravalli strikes almost at right angles to the Hima-
layan arc and perhaps extend beneath the Punjab, Garhwal and Kumaun
Himalaya, The older Archaeans forming the basement of the Himalaya
have despite several diastrophic movements retained many of their original
characters. Thus, the gneisses, migmatites, crystalline schists, thick quart-
zites and tectonized granite intrusions which constitute the basement of the
main Himalayan thrust zone compare very well with the Archaean rocks.
The marble, limestone, amphibolites, psammitic gneisses and the schists
of the Main Thrust Zone are comparable to the Algonkian (Purana)
formations of the Peninsular shield as they underlie the rocks exhibit-
ing Cambrian fauna such as has been noted in Kashmir.

The thick argillaceous formations with limestones and quartzites all
along the Lesser Himalaya may be envisaged as the marine equivalents
of the peninsular Vindhyans having characteristic terrestrial deposits. This
view is further supported by the recent discoveries of stromatolitic
horizons of late pre-Cambrian or Cambrian age in the Lesser Himalaya.
Here the evaporities must have resulted in a transition zone from the marine
to continental environments and are perhaps represented by the Saline series
and the purple sandstone of Salt Range. Gansser (1964) assumes a saline
belt, bordering the Peninsular India along its northern edges which is now
covered by the frontal Himalayan thrust. The enormously thick limestones
and quartzites of the Lesser Himalaya suggest quiet sedimentation in
a shallow sinking basin, in the further north deeper from the peninsular
shield. The great thickne s of the quartzites is, however, difficult to accoun
for. These seem to be the reworked sediments and not the derived
types from the older crystallines, as a few important conglomerate
horizons in them do not contain any igneous or metamorphic pebbles. On
the basis of their lithology these sediments may be the equivalents of the
Vindhyans.

In the higher reaches of Kumaun Himalaya, a complete succession is
exposed and no marked unconformity exists in between the older cry-
stallines and the over-lying sedimentary formations. The older metamor-
phic series is seen gradually passing through the zones of phyllitic
schists to the phyllitic calcareous sediments with rich fossils of pre-Ordo-
vician age in the upper horizons (Garbyang formations).

Palaeozoic and Mesozoic History : The most remarkable feature of
the Himalaya is the existence of two major geosynclines parallel to and
separated by the present crystalline axis (West, 1935). In the northern
geosyncline of the Tibetan Himalaya, fossiliferous formations from the
lower Palaeozoic to early Tertiary were deposited. In contrast, the
southern or the Lesser Himalayan geosyncline formations are generally un-
fossiliferous upto the Mesozoic times. There are, of course, indications of
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connections between the two geosynclines as shown by the presence of fossi-
liferous horizons in the Lesser Himalaya of Kashmir, Nepal, Sikkim and in
the Eastern Himalaya.

During the Palaeozoic era the environmental conditions of the Hima-
layan regions varied considerably from the outer zone to the inner zone.
The Purana formations of the northern shield mass were followed by
a long period of emergence possibly lasting upto the Mississippians. During
Palacozoic times the conditions in the Lesser Himalaya were similar
to those of the northern Peninsula ; with the exception of Punjab
and Kashmir Himalaya, where the Tethys sediments of the Inner Himalaya
transgressed southwards over the central crystallines. Besides, Pul-

chuki beds of Nepal are Silurian and the Tangcha beds in Bhutan may be
Devonian.

After the Puranas, the Gondwana sedimentation is marked by the
tillites in Salt range and Blaini boulder beds of Garhwal and Simla regions,
which are the equivalents of the Talchir boulder beds of the Gondwana
formations. These are frequently inter-calated with pyroclastics and vol-
canics, i.e. the Panjal Traps in the west and the Abor volcanics in the east.

The post Blaini—Krol formations, constituting the outer belt of the
Lesser Himalaya extends roughly from Simla to Naini Tal. These may be
the representatives of the upper most Palaeozoic and perhaps the early Mes-
ozoic formations. The rocks are generally devoid of any recognizable
fossil forms ; though very often, elliptical pallets of microscopic sizes
and deceptive appearances of coral or foraminifera or other micro-organisms
including algal structures in the massive limestones suggest a depositional
environment similar to those of the pre-Cambrian times.

Auden (1943 and 1951) mentions that the dolomitic and calcareous
rocks ‘“‘were originally deposited in contrasted positions in the basin of
sedimentation and that the para-autochthonous rocks were possibly
‘1aid down close to the shore line, while the Krol rocks may have been laid
down further from the shore. The relative palaeogeographical positions
of the contrasted types of sediments are thought to have been reversed by
the great thrust movements which followed in the Miocene”.

After the erosion of the Krol beds and the exposure of the underlying
‘rocks for a Iong time as indicated by the bauxite horizons of Kashmir,
"the Focene transgression extended in a wedge like belt from Kashmir-
Punjab to Naini Tal in the Lesser Himalaya (Subathus and the intermediate
Salt range). In the Tibetan and the Great Himalayan regions continucus
deposits from -Cambrian to upper Cretaceous or even lower Eocene
of fossiliferous beds mark the environments as completely different

9
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from that of the Lesser Himalaya. This view clearly supports the large
displacements recorded in the main central thrust, which have narrowed
the gap between the original depositional areas by more than 100 km,
Lithologically, the sediments from the Palacozoic to the Upper Cretaceous
are well differentiated and interrupted locally by epeirogenic move-
ments and show characters of flysch deposits.

Tertiary and Recent History : During this period the conditions of
deposition changed very markedly from Cretaceous to Eocene and the sedi-
ments reflect an incipient Himalayan orogeny. In the outer Hima-
laya, the quiescent phases between the subsequent orogenic impulses
are marked by three successive periods of sedimentation ( Krishnan, 1961),
The principal sedimentary facies are the ‘‘black shale” facies of Eocene,
followed by the flysch facies of the lower parts of the Lower Miocene
and finally replaced by the Molasse facies (Siwaliks) during the Middle
Miocene to Pliocene times. The transgressive Upper Cretaceous conglo-
merates of Karakoram indicate that the movements started from the north.
The problematic occurrence of exotic blocks of Johar and southern Tibet
thrusted over the upper Cretaceous flysch deposits indicate the culmination
of Eocene sedimentation. This also saw the rising of Tibetan plat-
form and the end of marine condition in the Tethys region north of the
Himalaya. Only in the NW Himalaya, Eocene deposition was followed
by fresh to brackish water Miocene deposits (Murrees), which were mostly
derived from the peninsular shield and only a part of the sediments
were derived from the emerging Himalaya. Large consequent drainage and
rivers must have begun flowing to the north as well as to the south
before the main Himalayan orogeny. Concomitant with the long Hima-
layan orogeny probably the southern shield mass also drifted northwards
and a fore-deep with two arms of rift zones, i.e. the Indus-Sutlej and Ganga-
Brahmaputra were produced in between the rising Himalayan chains and
the peninsular shield, running parallel to the incipient Himalayan ranges.
A considerable amount of detritus filled in this gap from the Himalaya as
well as the southern peninsular shield. The final and the main phase of
the Himalayan orogeny produced the Siwalik conglomerates and sand rocks
in the form of alluvial fans. These formations are comparable to the
molasse formations,

The world-wide Pleistocene glaciation has also been recorded in the
Himalaya and has specially been well studied in Kashmir (de Terra, 1937).
According to him the overthrusting of S waliks was followed by fluvio-glacial
depositions. The boulders of which persist in the recent gravel ter-
races and fans. It is also shown that the Karewas of Kashmir with Palaeo-
lithic implements would have been uplifted by about 2,000 metres. Evi-
dences of uplift and tilting of Quaternary terrace deposits from Kashmir to
Nepal have also been recorded by many workers and this uplift is
still far from complete.
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7. Sequence of Tectonic Events :

Two views have been expressed for the origin of the compres-
sive forces : (a) forces came from the north, north-west anid north-
east, thrusting extensively the soft rocks over and against th: Indian Penin-
sular shield and (b) the other more recent view holds that the mainland
of India itself moved north and was thrust under the softer sedimentary
formations around its northern borders. Geological and geodetic data also
appear to support the latter view though the former has the advantage of
offering explanation for the large scale horizontal translations of the
thrust sheets.

From the evidences discussed in the earlier pages, the ‘uplift’ of the
Himalayan chain was initiated during the Cretaceous and continued into
the Pleistocene. Concomitant with these, ‘downwarpings at the foot of
the Himalayan thrusts gave rise to the Indo-Gangetic foredeep now occupied
by the Punjab and the Ganga-Brahmaputra plains. The Himalaya together
with its north-western and the Burmese arcs have been uplifted in four ar
five successive stages :—

First Stage .. Upper Cretaceous

Second Stage .. Upper Eocene

Third Stage .. Middle Miocene

Fourth Stage .. Upper Pliocene to Lower Pleistocene
Fifth Stage .. Late Pleistocene to Sub-Recent

(Feeble movements altermated with wide-
spread glaciation till and terrace deposits.)

The structural units of Nappes, recumbent folds and reversed faults
discussed earlier and the sequence given above, are separated by large tec-
tonic features—the boundary faults trending approximately in NW-SE in
the Kashmir-Punjab and Garhwal, E-W in the Nepal, Sikkim and Bhutan
and NE-SW in the Assam and NEFA regions.

Coming to the sequence of chief events of the Himalayan orogeny,
the close of the Mesozoic witnessed the drama of large scale earth move-
ments and diastrophism. The breaking of the Gondwanaland had already
begun earlier during the upper Carboniferous times and had given rise to
the present day continents. In the first Laramide phase of the Upper
Cretaceous the Himalayan geosyncline, a continuation of the ‘Anii-
Medi-Him’ rift zone or the Tethys was subjected to intense compressional
forces. As a result of these lateral movements, the Himalayan chains were
folded and uplifted in four or five successive phases in the Miocene times.
The Siwaliks came into existence only at the end of the second or the early
third phases of Himalayan orogeny. During these phases was formed a
narrow trough subsequently filled by fluviatile and fluvio-glacial deposits
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derived from the Himalaya in front of the Himalayan chain. In the fourth
phase of the orogeny, the mountains were again uplifted and gave rise to the
Siwaliks, extending from Jammu to Assam. Simultaneously a fore-deep or
frontal trough—the Indo-Gangetic basin—was formed and extended from
Kutch to Naini Tal through western Rajasthan and Punjab and was con-
joined with the ‘Indo-Brahm’ (river of Pascoe) itself a result of sinking of
the Ganga-Brahmaputra rift (Mithal and Srivastava 1959, and Mithal, 1963).

In addition to the NW-SE primary folds axes and boundary faults,
large scale N-S folds and faults exist affecting the Nappes and other
structures, throughout the Himalayan region and sometimes even the Siwa-
liks. These are generally perpendicular to the general strike of the Hima-
layan formations or ranges. Some of these structures extend transversely
for more than 50 km, affecting the Lesser Himalaya to the central zone in
Tibet. The Arun trans-anticline, Everest-Lhotse synclinal ridge, the Kar-
nali and other transverse anticlines of Mahabharat range etc. (Bordet,
1961) may have been caused subsequent to the formation of Nappes, Many
tear faults (including the well known Ganga and Yamuna Tears) recently
mapped in detail in the Lesser Himalaya and the Siwalik formations of
Garhwal and Punjab are other examples as may be due to the post-
Siwalik phases of the Himalayan orogeny.

8. Relationship of the Indo-Gangetic Trough with Himalaya :

Structurally, the Indo-Gangetic trough marks the culmination of
the Himalayan orogeny. From its geographical shape and configuration
and also from-the data available the Gangetic trough points out a possible
relationship between the southern peninsular shield and the Himalayan
mountain chains.. A study of the basement rocks below the Gangetic
alluvium suggests a northerly slope with a thickening of sediments in
the same direction. On the basis of the aeromagnetic, gravity, seismic and
other geophysical and geodetic data, the floor of the Indo-Gangetic plain is
found to be uneven and the thickest sediments lie below the Outer Himalaya.
According to Ghosh (1959) the sediments attain a total thickness of more
than 6,670—10,000 metres in a narrow belt of the foothill zone while
in certain other sections the basement is met at shallow depth cven at
1,635 metres.

Mithal and Srivastava (1959) consider this narrow belt of indetermi-
nate depths as the ‘“‘Ganga-Brahmaputra rift” lying parallel to sub-
parallel with the main Himalayan arc at the fringes of the foredeep. In
the light of recent investigations in Punjab, Dehra Dun, Hardwar and Naini
Tal regions, the foothills of Nepal and Raxaul (Bihar) it is believed that the
Siwalik formations are deformed with high dips and are traversed with steep
faults and thrusts lying in juxtaposition with the sub-Recent and Pleistocene
deposits of the plains, : S
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On the basis of recent geophysical surveys by the Oil and Natural Gas
Commission working in the Indo-Gangetic plains, Aithel and others
(1964) observe that *“‘in Punjab the trend of gravity highs falls approximately
on the Delhi-Shahpur ridge while the trend of the magnetic contours
follow the general trend of the Himalayas. The zonc of the higher and
lower anomalies continue almost upto Ambala, east of which the anomalies
get broader in width and smaller in intensity”, i.e. underneath the shallow
alluvium lie the basement rocks of the Delhi—Ambala ridge.

A. N. Dutta and others, (1964) based on the seismic survey in the
Punjab plains, concluded that the southern limit of the Punjab platform is
separated from the Rajasthan platform *‘by an approximately NW-SE strik-
ing basement arch along the Sirsa—Bhatinda—Ferozepore axis”. They
also consider that ‘‘North of the arch, the basement gently slopes down
towards the Himalayas. Further, on the basis of the test wells a Hoshiar-
pur, Zira and Adampur in the foothill Tarai zone, they conclude “that in
greater part of the Punjab plains, particularly in the south, thc basement is
directly overlain by the Siwaliks (continental, middic Miocene to Pliocene)
and Recent sediments”.

_ Again Mool Chand and others (1964), based on seismic surveys
in Uttar Pradesh, conclude that these investigations prove ‘“‘the existence of
a pronounced unconformity associated with a short veclocity contrast
across it”. In addition they also suggest that, “the post-unconformity sedi-
ments follow the Himalayan trend and are characterised by low dips
with hardly any recognisable features. The pre-unconformity sediments
e show strong deformation............ and seem to follow
the Aravalli trend”. As noted in the deep well at Ujhani in the
Budaun region of Uttar Pradesh the unconformity forms the base of Ter-
tiaries.

Similarly, S. Ray and others (1964) while reporting on the results of
seismic prospecting of the Brahmaputra valley of upper Assam, assert “‘the
presence of gentle anticlinal folds and a multitude of interesting faults”.
The former seems to have been due to ‘“‘the movements of fault blocks at
different geological times. The dominant trend is NE-SW, second E-W and
a few faults in WNW-ESE”.

The Assam, the crystalline rocks of Mikir hills and the Shillong pla-
teau form the shelf of the Brahmaputra basin, which is gradually sloping
towards the Himalayan foothills (Evans, 1958, 64) similar to those of
the Punjab and the Ganga basin. He has also pointed out that the floor
of the upper Assam basin is down faulted from the main shield area
fo a few thousand metres underneath Jorhat and the main valley is filled
with at least 6,670 metres of sediments which are also affected by several
transverse faults. Mithal and Srivastava (1959) consider this down faulted.
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basin of the western Brahmaputra valley to be the eastern extensions of the
Ganga-Brahmaputra rift zone.

Therefore, as a result of the geophysical studies quoted above it can
be concluded that the Indo-Gangetic plains do not form a single unit
of sediments, but appears to be made up of several smaller basins
separated by several ridges and other structures and ramifications of the
peninsular shicld. The basement of these basins is also affected by block
faultings and is thus studded with horsts and grabens, which can be traced
further to the formations of the peninsular shield, particularly at the hinge
platforms and the southern boundaries of the Siwaliks and even the Indo-
Gangetic plains.

9. Recent Tectonic Activity :

The Indo-Gangetic plain lies at the southern foothill margins of the
Outer Himalaya or the Siwalik range. Since the Siwalik formations are
considerably folded and dislocated it is evident that the northern limits of
the trough and even the plain are also affected by foldings and faultings
due to Himalayan orogeny. This is further confirmed by the appreciable
dips in the upper boulder terraces, the reported occurrences of the Upper
Siwalik sand rocks and boulder conglomerates at depths between 30—
100 metres in the Bhabar region, artesian conditions between 50—
120 metres depths in the Tarai—Bhabar belt of Punjab and Gangetic
plains. Tt is, therefore, clear that these terraces etc. are of tectonic origin
and the ‘““northern rim of the great trough is under considerable strain due to
the progressive downwarping, with the greater- subsidence where it
merges into the foot of the mountains” (Wadia, 1961).

In Jammu and Kashmir and the western parts of the Himachal Pra-
desh, three major thrust faults involving the Tertiary formations have recently
been mapped. These are the Hoshiarpur, Satlitta and Riasi thrusts.
Similarly major thrust faults affecting the pre-Tertiary rocks are the
Murree thrust, the Panjal thrust and the Zaskar thrust. In Uttar Pradesh
and eastern parts of the Himachal Pradesh the major thrust fault invol-
ving the Tertiaries is the Main Boundary fault ( Nahan thrust) and that
involving the pre-Tertiaries is the Krol Thrust.

According to Jalote (1962), the Satlitta thrust in the vicinity of
the Beas dam site in Punjab clearly indicates at least three different periods
of movements. Of these, the first movement seems to have taken
place in the Middle Pliestocene times with a minimum throw of 1,432 metres.
During the second movement which seems to have taken place in the
Sub-recent times, the minimum vertical throw has been of the order of
137 metres and the last movement in Recent times produced a mini-
mum throw of 2 metres. Later Krishnaswamy in 1962 concluded that
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the Satlitta thrust was possibly the most likely tectonic features res-
ponsible for the origin of the Kangra shock of 1905 thus corroborating the
Recent activity along the Satlitta thrust. Again, Krishnaswamy (1966)
suggested an active seismic status to the Satlitta and the Riasi thrusts and a
probable ‘‘active status” to the Panjal and the Zuskar thrusts. The activity
of these thrusts has been attributed to the nearness of the major Kashmir-
Hazara syntaxis.

Near Dehra Dun in the Kalsi area the Krol and the Nahan thrusts
have been recognised as distinctly separate. East and south-east of Kalsi
upto Rishikesh the two thrusts appear to have coalesced together, thus bring
the pre-Tertiaries over the Middle Siwaliks and the duns even over the
recent gravels. Based on his field studies P. M. Jalote (1966) has
established that there were different stages of movements in this region
also. They continued upto the Recent times along the Krol thrust in the
Dehru Dun—Rishikesh valley. As a result of the Kangra earthqauakes
the Krol thrust seems to have shown the most recent activity due to which
Dehru Dun is reported to have risen by 12.5 cm in relation to Mussoorie
(Middlemiss, 1910) indicating that the Krol thrust i1s s.ill active and is
one of the important features to bring about a change in the physiography
of the area.

Occurrence of gravel beds at higher levels near the foothills e.g., at
Samba in the Jammu and Kashmir and in the cutting of river Ghaggar
near Anantpur Sahib over the Simla road, as well as on the left bank of the
river Ganga at Rishikesh, along the Ramganga near Kalagarh and along
the rivers at the foothills of Nepal and NEFA regions indicate that the Pleis-
tocene or the Recent deposits of the Indo-Gangetic plain have been affected
by Tectonic (Epi-orogenic) movements (Ahmad, 1963) during histori-
cal times. These have thus brought physiographic changes which may be
responsible for the rapid erosion at the foothill zones and the present abrupt
rise along the Siwaliks and the Outer Himalaya.

At many localities in the interior of the Himalayan chains, it is fre-
quently observed that the rivers have filled or are filling in their valleys and
are sometimes eroding the terrace or similar alluvial deposits in their present
course, e.g. R, Arun in higher Himalaya of Nepal, R. Alakoanda. near
Badrinath, R. Dhauliganga near Tapoban in Garhwal etc. Likewise, the
Katmandu and Kashmir valleys are due to the infilling of ancient lakes of
tectonic origin. Similarly, the present filling up of the channel bed by the
R. Sun Kosi at Dolaghat in Nepal Himalaya, the occurrence of water
features similar to “‘ox-bow lakes” and minor “incised meanders” on tops
of flat hills close to the Tons valley (west of Dehra Dun) in the
Lesser Himalaya further indicate that the Himalaya as a whole has
suffered some recent tectonic movements.
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Further, the peculiar morphologicul features particularly the ‘U’ shaped
glaciated valleys with alluvial fillings, occurrence of rectangular or trapezoid
h 1l features, and lakes at great heights lead one to believe that the mouns
tains arc still rising. Lastly, the periodic violent earthquakes in Baluchis-
tan, Kashmir, Kangra, Kumaun, Nepal and Assam regions indicate a
profound instability of this region. Thus we find that the foothill Hima-
layas are affected by the orogenic as well as cpeirogenic activity at different
times and continued upto the recent times. Minor shocks with occasional
big earthquakes all along it indicate that the activity has beezn going on
during historical recent times also.

HIMALAYAN OROGENY AND SCULPTURE

In the foregoing pages, an account of the geomorphological and
tectonic features as developed in the Himalaya has been given, on the basis
of which it is evident that therc are infinite varieties and a numerous types
of landforms present in the region. The occurrences of peculiar and extra-
environmental litho units at horizons other than they are normally
expected also suggest that due to the periodic risings and heavings of the
earth’s crust during the geological past, the sediments of the Tethys geo-
syncline have been uplifted folded and thrusted over or have sub-
merged parts of Himalayan regions from time to time. These movements
have also been localised around the margins of the shield structures, i.e. the
Indian Peninsular shield mass of the Gondwanaland and the Tibetan shield
of the Laurasia.

King (1962) believes that ‘“‘the bealt of Palaeozoic orogeny may
be expected in the roots of the Himalayan mountain system and in Tibet,
united now with the Palacozoic mountain systems of Central Asia’’. The
evidences are the small inliers from beneath the later Himalayan geosyncli-
nal formations. He further expresses that, “the Alpine-Himalayan geo-
syncline. . ...... was extent from Carboniferous till nearly Cainozoic
time” and later in the Middle Eocene, ‘“‘the geosynclinal floor and its con-
tents are subjected to orogenic spasms” due to which ‘“the contents are
crumpled, thrusted and finally uplifted” and formed the lofty mountain
chains. During Cretaceous period, the Gondwana planation survived but
an incursion of the Tethys extended from Salt Range through Balu-
chistan into Kutch, in which the sediments from the old lands were accummu-
lated, which are now found as fossiliferous marine beds,

According to Wadia (op. cit.) the Tertiary or the Cainozoic era is the
most important period in the geological history of the Indian sub-continent.
During the late Cretaceous, consequent to the Mesozoic fragmentation of
Gondwanaland and Laurasia, the submergence of large blocks of land
masses and the upheaval of the Tethyan geosyncline, probably resulted due
to the great diastrophic movements and period of volcanicity.
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As a result of these earth movements, the sediments of the Tethys
geosyncline have been deformed due to lateral compressional forces
and vertical movements generally resulting into dislocations, elevations
and tilting of the rock masses. While discussing Himalaya and Pamir
R. D. Oldham (1918) stated that, “'the broad features of the major relief,
as well as the determination of the more restricted zones of greater
uplift are not the result of processes apparent in the structures visible
at the surface, but of more deeply seated and possibly quite independent
processes which are not accessible to surface observation”. These perhaps
occurred locally in phases. The phenomena has given rise to an extremely
complicated systtem of mountain chains. Essentially, they consist of a
number of great recumbent folds thrusts and nappes, one over the
other, which in turn are thrusted over a core of older crystalline
rocks. Due to these large scale deformations and structural convolutions,
the massive limestones or quartzites bend into large folds or fracture blocks,
while the softer intermediate shaly beds are changed into slates, phyllites or
schists. When a nappe has slid along a fault plane, the under surfaces are
marked by thin stretched or entirely pinched beds or the closely packed iso-
clinal anticlines and synclines. However, beneath all types of rock
formations is a crystalline base which is highly jointed and broken by minor
faults.

On erosion, these Himalayan folds give rise to usually varied and
peculiar topography. In the arcas where the nappes have been completely
eroded, the irregular jagged high peaks e.g. Everest, Makalu, Trisuli, Badri-
nath, etc. or sharp edged granite ridges e.g. Lohtse, Dhaulagiri, Dhaola
Dhar etc. are common in the Himalaya. On the south side of the crystal-
lines, the limestone ranges form plateaus but more often ridges and
peaks of all shapes are fully developed.

Wager (1937) suggests that ‘“‘the great peaks of the Himalaya
owe part of their additional elevation over the average height of Tibetan
plateau to the effect of isostatic readjustment™ and the uplift has followed
the relief of load where deep valleys have been eroded”. Holmes (1964),
however, believes that in addition to isostasy, ‘“‘some other process or pro-
cesses must be responsible for the exceptional heights of Everest, Kanchen-
junga, Karakoram, Nanda Devi etc.” and adds that the youthful moun-
tain ranges and plateaus ‘‘descend steeply to the neighbouring lowlands,
generally, but not always bounded by eroded fault scarps”. In the Simla,
Garhwal and Nepal-Darjeeling regions the younger formations are exposed
as windows generally at the bottom of the valleys. Similarly klippe
of higher and older nappes are commonly recognised at the tops of peaks or
plateaus in all regions of Outer Himalaya.

The; Tertiary history of Himalaya reveals alternating episodes of
sedimentation and orogenesis. Throughout Himalayan belt Palaeocene

10
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is marked by marine formations, the Middle Eocene of northern parts is
mainly flysch type and the Upper Eocene is gypsiferous. This is then
followed by another orogeny breaking up the Tethyan geosyncline
into shallow basins responsible for the brackish water Murree or Dharm-
sala formations along the southern faces of the Lesser Himalaya

and Zaskar formations of Ladakh.

The important Middle Miocene orogeny gave rise to the major struc-
tures and threw the older formations in thrust sheets and nappes towards
south, due to which the central axial zone was intruded with granites and
the main southern Himalayan chains were built up with huge recum-
bent folds. The Baluchistan zone and the Burmese sector did not suffer
much but the sediments were thrusted comparatively mildly over the shield
wedges or ramifications of the main Indian Peninsula, near Quetta. In the
case of the Burmese Himalaya, the sediments were thrusted over the Naga

hills,

At the end of the Mid-Miocene orogeny, coarse fluviatile and glacial
molasse formations were deposited in the sinking basins all along the southern
faces of Himalaya. Towards the end of Pliocene, the Cainozoic Hima-
layan chains were eroded deeply. These were uplifted and upheaved again
in the Plio-Pleistocene which gave rise to the more elevated, faulted
and folded Himalayan system of mountain chains and the Siwalik foot-
hills. The deformation due to orogenesis may be from simple anticlinal and
synclinal structures to complex over folds and flow structures. Most
of which are due to gliding under the force of gravity, and sometimes the
flysch nappes of the major Himalaya have flowed into the river gorges
through the frontal Siwalik hills, e.g. the schistose Dalings east of R. Tista
and the Disangs in NE Assam. These have since been denuded to the
present form and represent the last phase of orogeny, mainly of post-Pliocene
to middle Pleistocene period.

Morphologically, the middle and outer ranges are orthoclinal in which
the folds are dissected into south facing steep escarpments and the north-
ward gentle dip slopes, separate the longitudinal narrow valleys. In the
middle zone the anticlines are generally faulted in their southern limbs and
the rocks of the steep faulted escarpments lie ““in juxtaposition with much
younger rock zones”. The outer zone is comparatively a simpler structure
with a series of broad anticlines and synclines. But here also, the south
facing steep fault scarps due to a series of reversed strike faults or thrusts
affecting the anticlinal axes are a characteristic feature of these ranges. The
longitudinal tectonic valley, filled with gravels and glaciated boulders form
the duns.

The occurrence of titled and elevated glacial and fossiliferous lacus-
trine deposits in the Karewa beds in Kashmir valley, the sediments of the
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Katmandu valley and other smaller similar formations in the ‘“‘Gauchar
plains” in the Great and Middle Himalayan valleys are important evidences
of Quaternary uplifts and even overthrusting in these regions.

Though de Terra has reported many broad floored ancient valleys
at heights between 3,300 and 3,600 metres in Kashmir, still evidences of late
Cainozoic or Tertiary movements are lacking. However, the antece-
dent drainage of the rivers Sutlej, Indus and Brahmaputra etc. with their
headward erosion, deep gorges and wide valleys in the Himalaya are
indicative of the recent vertical movements.

Concomitant with these late upheavals and slidings of modern Hima-
laya developed the Indo-Gangetic foredeep or depression and is formed of
separate troughs due to transverse ridge like ramifications or extensions of the
Peninsular shield. The closely spaced streams from the mountainous region
discharge the load and make piedmont alluvial plain. The vast Indo-Gan-
getic plain extending from the delta of Indus to that of the Ganga-
Brahmaputra is made up of boulder beds, gravels, sand, silt and clays.

CONCLUSION

The arcuate Himalaya mountain chains have risen against the
older established river courses of the Indus, Sutlej and Brahmaputra. Emer-
ging from the northern ranges and flowing longitudinally for several hundred
kilometres north of this barrier, these rivers now pass through deep antece-
dent gorges to the Indo-Gangetic plains. Due to long intense forces of
Alpine-Himalayan orogeny the old land surfaces have been changed
completely. Simultaneously, the intermittent emergence and submergence of
the land masses throughout the orogeny, the extent and configuration of the
Tethys also changed but continued to be a zone of accumulation and sedi-
mentation almost till late Cretaceous. It is certain, during the intervening
periods of tectonic episodes a series of cyclic landscapes were carved
out. However due to intense thrust movements, nappe structures, steep
fault scarps and the present jagged terrain it is difficult to establish the cyclic
evolution of the landscape development. Nevertheless, from the shapes
of the hills, plateaus and the configuration of the valleys, presence
of lakes and their lacustrine deposits at higher levels etc. it is evident that
the Himalayan region has experienced several mountain building episodes
during the late Cainozoic period. The intermittent Pleistocene glacial
activity and deep carvings due to river action are notable features of the
Quaternary times. Summing up, the modern Himalaya is a result
of thrusts and vertical upheavals (cymatogenic activity) of the late Tertiary
times. The thrust sheets and overfolds are overridden by relicts of earlier
“smoother planation” of mid-Tertiary age. The anticlines, synclines
and other isoclinal folds so created have been carved and denuded
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by the now receding glaciers and large scale river crosion in the sub-Recent
and Recent times. The phenomena of uplifts is still in progress and is
marked by the frequent earthquakes. The lofty Himalayan system have thus
been sculptured and present the beautiful scenery through a process of com-
plicated phenomenon.
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CHAPTER 1V
INTRODUCTION TO MOUNTAINS OF THE INDIAN PENINSULA

The Indian Peninsular shield is the most ancient and stable landmass
unaffected by later fold movements. The mountains that we see over
the Peninsula are not fold mountains like the Himalaya, but represent the
erosional remnants of former surfaces uplifted and subjected to more
than one cycle of erosion. The drainage of the Peninsula is asymme-
trical. Almost all the principal rivers take their origin at the western edge
ilmost within sight of the Arabian Sea but flow eastwards traversing
the full width of the continent. The explanation offered is that the
present Peninsula represents only a part of a larger landmass, the western
half of which either drifted away or foundered beneath the Arabian Sea.
The more prominent of the mountain ranges of the Peninsula are the Ara-
valli, the Vindhya, the Satpura, the Western Ghats, and the isolated moun-
tain ranges parallelling the east coast collectively called the Eastern Ghats.

THE ARAVALLI RANGE

The oldest mountain range in India is the Aravalli, It is a typical
tectonic mountain which was uplifted and folded during the late pre-
Cambrian period. Erosion during the ages reduced what was once a
lofty range into a peneplain almost at sea level. In the late Mesozoic, the
region was once again uplifted by at least 1,200 m near Udaipur city, and
3C0 m at its present terminals near Delhi and Ahmadabad. During the
erosion which followed, the resistant quartzites formed bold ridges.
The trend of the range is NE-SW extending from Gujarat to Delhi.
The range is mostly made up of schistose rocks of pre-Cambrian age.

The Aravalli extends from Delhi southwestward to near Ahmadabad
for a distance of about 800 km. The highest point in the range is Mt. Abu
in the SW which rises to 1,158 m. Near Delhi it has been reduced almost
to the level of the alluvial plain, though the strong quartzites, still
outcrop in blocky masses and known locally as the Delhi ridge. At the
southern end the range has been much more dissected with the result that

only a few scattered buttes, hardly over 60 m in height, are the remnants
of the mighty Aravalli.

South of Delhi, a long narrow hogback extends for about 70 km from
Sohna to Ramgarh, rising to a maximum height of 400 m. South of Beawar,
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the Aravalli runs for about 100 km as a tightly compressed synclinal

range, 600 to 900 m high. It then divides into a numbsr of paraliel
folded ridges which enclose between them elevated plateaus,

THE VINDHYA RANGE

The Vindhya range traverses nearly the whole width of Peninsular
India, a distance of about 1,050 km in a E-W direction. It has an average
elevation of about 300 m. The range overlooks the valleys of the
Narmada and the Son on the south, and slopes gently northwards to the
Ganga valley. The range is formed mainly of massive sandstones.

The Vindhya mountain forms one of India’s main watersheds, and
along with the Satpura range, has often bzen considered as the dividing line
between the Deccan and North India. Though there is no clear geolo-
gical evidence to support it, topographical features such as truncated
and faceted spurs suggest that the western part of the Vindhya range is a
fault escarpment.

The Gomanpur peak (554 m) in the Dhar district of Madhya Pradesh
marks the western end of the Vindhya range. For the first 100 km from
this point, the range runs in a curve, the convex side facing the Narmada
valley, and following a 300 m contour line in Deccan Trap country. For
the next 160 km there is a prominent escarpment still formed of basalt.
Near Hoshangabad the rock type changes—the Vindhya mountain
approaches the Narmada river in a series of terraced slopes composed of
hard sandstones alternating with shales. The Kaimur range, which is the
eastern portion of the Vindhya mountain is one of the most pronounced
scarps in India ; it is composed of quartzites and marbles, and is
nowhere cut across by any large stream,

THE SATPURA RANGE

South of the Vindhya range and more or less parallel to it rises the
Satpura, separating the Narmada and Tapti. It extends from Ratan-
pur on the west to Amarkantak on the east, a distance of 900 km.
Several of its peaks rise above 1,000 m, and only a small part of this range
lies below the 500 m contour line. In shape it is somewhat triangu-
lar, with its base along the north-south Maikala range, its apex at
Ratanpur, and two of its sides parallel to the Narmada and Tapti-
Purna rivers. It consists of a number of parallel ranges which enclose in
between them extensive, flat-topped, lava plateaus.

Three distinct parts of the Satpura can be recognised, each rising to
a height of about 900 m, and being connected with each other by low-
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lying plateaus. The westernmost part is locally known as the Raj-
pipla hills. A high, craggy, sharp-crested ridge formed of basalt dominates
this western part of the Satpura and almost overhangs the Narmada valley
between the two north-flowing tributaries of the Narmada—the Goi and
Devganga.

The Satpura broadens considerably in the central part and has a radial
drainage. This part is bordered on the north by the Mahadeo hills and on
the south by the Gawilgarh hills. The Mahadeo hills are formed of
resistant Gondwana quartzites which slope steeply southwards, the southern
slope falling abruptly from a height of 1,200 to below 300 m, and the cliffs
running ENE for a long stretch. The rectilinear trend of the scarp indi-
cates that faulting was probably responsible for the steep scarp. The
highest peak of the Satpura, Dhupgarh (1,350 m), is near the Pach-
marhi hill station.

The eastern part of the Satpura is known as the Maikala plateau. It
is bordered on the east by a line of east-facing escarpment, the Maikala
range. This range runs in a northeastern direction from Raj Nand-
gaon to the Amarkantak knot and then turns northwest, meeting the Vindhya
range to the north of Jabalpur. It is probable that the Maikala range marks
the site of an ancient shore line to the east of which sediments were depo-
sited in a Cuddapah sea, and that it may have prevented the flow of
lava during the Deccan Trap period.

THE WESTERN GHATS

The Western Ghats (Sahyadri in Sanskrit) runs for about 1,600 km
along the western border of the Deccan from near the mouth of the
river Tapti to Cape Comorin. The average elevation is 1,200 m. Viewed
from the west coast, the Ghats look like an ancient sea-cliff rising almost
perpendicularly from the coastal plain up to 1,000 m in some places. Some
have considered this to be a fault scarp. The Western Ghats are not true
mountains, but form the faulted edge of an upraised plateau. The
ghat landscape presents a youthful aspect composed of steep-sided valleys,
narrow gorges and waterfalls of great magnitude. The west-flowing
rivers are seen rapidly eroding headward and capturing the mature
drainage on the upraised plateau. These facts indicate that the elevation
of the ghats to the present level is recent more or less coincident with the
time of uplift of the Himalaya. The consequence of this uplift is that
all the important rivers of Peninsular India except the Narmada and the
Tapti flow eastwards into the Bay of Bengal though they have their sources
on the crest of the Western Ghats, which is only 50 to 80 km from
Arabian Sea coast,
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The northern 650 km of the Western Ghats are formed of horizontal
sheets of lava, and exhibit the characteristic Deccan Trap landscape.
The crest line of the range runs in broad curves, forming two re-
entrants at Trimbak and Tamhini, carved by the headwaters of the Godavari
and Bhima rivers respectively, and two easterly bulges marked by Haris-
chandragarh (1,424 m) and Mahabaleshwar peaks (1,438 m). Two
other peaks rise higher, Kalsubai (1,646 m) near Igatpuri, and Salher
(1,567 m) 90 km to the north of Nasik.

For the next 650 km south of 16° N latitude, the basalt gives place
to granitoid gneiss. In this section the Western Ghats run very close to
the coast, till they join the Nilgiri mountain near Gudalur. Vavul Mala
(2,339 m) is the highest peak. North of the Nilgiri plateau, the eastern
flank of the range merges somewhat gradually into the high plateau of
Mysore, but its western slopes rise suddenly and boldly from the low

coast.

The Palghat Gap along which the river Ponnani flows, trends east-
west, and is a prominent break in the continuity of the range along
the western border of the Deccan plateau. It is about 24 km wide at
its narrowest point and lies at an elevation of 145 m, whereas the border-
ing range rise from 1,500 to 2,000 m.

South of the Palghat Gap both the eastern and western slopes of the
Ghats are steep and rugged. In Kerala, the range is flanked by picturesque
terraces of laterite which shelve gradually down towards the coast,
In elevation it varies from 1,000 to 2,500 m above the sea. Anai Mudi
(2,695 m), the highest peak in the Peninsula, is a nodal point from which
three ranges radiate in three different directions—the Anaimalai in the north,
the Palni in the northeast, and the Cardamom hills in the south.
Kodaikanal, an important hill station, is located in the Palni hills. The
Anaimalais are perhaps the most striking ranges in south India. They are
divided into a lower and a higher range. The latter consists of a series of
plateaus about 2,000 m in elevation running up into peaks of over 2,500 m.
These are covered with rolling downs and dark ever-green forests, and are
cut off from one another by deep valleys containing some magnificent

scenery.

The Palnis consist of two well-marked divisions, the more eastern of
which averages from 900 to 1,200 m in height and is known as the Lower
Palnis, while the western has a mean elevation of 2,000 m, and in one place
rises to 2,506 m. The favourite hill station Kodaikanal, which stands
on the southern edge of the central portion of the ranges is about 2,195 m in
elevation. In the southern side the Palnis often end in steep sheer preci-
piccs, but on the north they slope more gradually down to the plains,
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THE EASTERN GHATS

The Peninsular plateaus are bordered on the east by the Eastern Ghats,
These are not really ranges in the same way as the Western Ghats, but
appear as uplifted plateaus abruptly demarcated from the surrounding
plains. The Eastern Ghats run in fragmentary spurs and ranges down
the east side of the Peninsula, receding inland and leaving broad plains
between their base and the coast. The Eastern Ghats belong to no
one geological formation, and the rocks which they consist of vary in
structure and origin with the country through which they pass. The range
is cut into discontinuous blocks of hills by several large rivers. Between
the Godavari and the Mahanadi, the range which trends northeast to south-
west, is prominent with several peaksabove 1,000 m in height. North
of the Godavari, the Eastern Ghats are locally known as Mahendragiri.
South of the Krishna, there is a series of parallel ranges and valleys which
constitute the Nallamala hills.

The northern portion of the Eastern Ghats borders the Dandakaranya
—a rugged terrain south of the Chhattisgarh basin, and lies in Orissa
and Andhra Pradesh. Nowhere do the Eastern Ghats exhibit their
mountainous character more clearly than in the region between the
Godavari and the Mahanadi. The ancient name of the Eastern Ghats,
Mahendragiri, was given after a peak of that name (1,501 m), which
stands conspicuously above the coastal plain, about 80 km southwest of
Berhampur in Orissa. This mountainous tract is chiefly composed
of charnockites and khondalites. The ranges form the watershed
between the west-flowing streams like the Machkund and Sileru, and the
east-flowing streams like the Linguliya and Vamsadhara.

The Shevaroy hills constitute a detached range which is divided into
an eastern and western section by a deep valley. The western portion con-
sists of three elevated plateaus ; at the southern extremity of the eastern
portion at an elevation of 1,400 m, stands the hill station Yercaud.

Further north occur north-south trending parallel ranges and valleys
of the Eastern Ghats, cut transversely by the Penner river in the south, and
the Krishna in the north. The most prominent range of this sec-
tion, the Nallamala, runs parallel to the Coromandel coast. Its southern
part, the Palkonda range, is higher. From the tip of the northernmost
point in the Palnad basin to the Tirupati hill on the south, the length of

the Nallamala is 430 km, the average width 30 km, and the elevation ranges
from 900 to 1,100 m.

The Nilgiri or Blue mountain is one of the most picturesque spots in
south India. Its northeast-southwest trend conforms to the alignment
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of the Eastern Ghats. The Nilgiri is the meeting point of both the
Western and Eastern Ghats and the two enclose within them
the Mysore plateau. It forms a level plateau 2,600 km® in extent
and is abruptly cut off on all sides. Two of the highest peaks are
Doda Betta (2,637 m) and Makurti (2,554 m). The southwestern part,
named Kundah, is more hilly and is traversed by bold ranges and in-
tersected by deep valleys. It has a steep cliff towards the Malabar
plains on the west. There is probably no landscape in south India that
surpasses this gigantic escarpment in grandeur. The rest of the Nil-
giri presents a different topography. Its surface is extremely undulating
and the streams meander through rounded grassy hills and patches of forests.



CHAPTER V
' PHYSIOGRAPHIC CHARACTERISTICS OF PENINSULAR RANGES

The triangular shape of Peninsular India is an expression of the struc-
ture of the region, which is determined in part by the Eastern and Western
Ghats. Though the Eastern Ghats turn towards the interior near the
city of Madras, their trend is continued farther south by submerged
ridges which influence the delineation of the coast. The northwestern
border is roughly parallel to the Aravalli ranges, while the northern
border under its cover of Recent alluvium, is merely the undefined
limit of the Vindhyan and Ranchi plateaus. The Shillong plateau and the
Mikir hills constitute a promontory or prolongation of a wedge of
the Peninsula towards the northeastern corner of the country. The interior
of the Peninsula is occupied by a series of plateaus having a general
easterly slope as a result of the uplift and tilting of the Peninsula in compara-
tively recent geological times. The important mountain ranges of the Penin-
sula are described below.

-

THE ARAVALLI RANGE

These mountains run across the State of Rajasthan in a NE-SW
direction and are composed of a central range of ancient gneisses and schists
of the Aravalli Syetem of rocks, associated with a synclinorium of the Delhi
System which form parallel ranges. These mountains constitute a true
orogen of folded rocks. They form a compact series of parallel ranges
in the northern part but spread out in southern Rajasthan, turning gra-
dually to the southeast and east, as they approach the Narmada valley.

Near the northern end, in the region of Delhi, the mountains are quite
insignificant, marked out by a few low ridges of hard quartzites. The
Delhi ridge traversing the Union Territory of Delhi is a part of this
feature, which when followed to the northeast, disappears under the allu-
vium of the Yamuna river. These ridges can be followed to the
southwest into Alwar and Jaipur where they become fairly prominent and
also show zones of intercalated schists and gneisses. The Aravalli ranges
may be said to commence only near Khetri (28° N, 75° 47'E ) where they
proceed to the southwest becoming gradually higher as well as wider.

The central range is formed of gneisses and schists as well as of
quartzite belonging to the Aravalli System. These rocks form rugged
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hills with rounded surfaces but the quartzites stand out as jagged hills
exposing scarps facing northwest. Here are the comparatively low
peaks of Babai (791'm), Kho (979 m), Raghunathgarh (1,109 m), and Haras-
nath (903 m). Near Ajmer, they separate out into a number of parallel
ridges occupying a width of 11 to 16 kilometres, skirting the Sambhar
lake which lies on their west. Ajmer itself stands on high ground amidst
the ranges and is overlooked by the Taragarh hill fort (870 m).
There is a break in the ranges south of Ajmer for about 16 kilometres, after
which two prominent ridges appear near Beawar. These two ridges
continue almost unbroken for nearly 110 kilometres, separating the terri-
tory of Mewar (Udaipur) on the east from that of Marwar (Jodhpur)
on the west. In this region the mountainous terrain is 25 to 30 kilometres
wide and quite wild, consisting of a series of ridges of quartzites and
of gneisses and granite. The well defined hill range called the Mcwar hills
near Udaipur and that near Indargarh present a steep scarp on the
western side for a distance of nearly 40 kilometres. This ridge is unbroken
except for one or two rugged passes. Farther to the southwest, the
country becomes a rather confused mass of hills occupying a width
of 40 kilometres, though the general trend of the mountains can be made
out clearly. In this region are the Nathji peak (937 m), southwest
of Todgarh. The main range may be said to culminate at Jargo
(24° 58’ N, 73° 32’ E) which attains an elevation 1,315 m. The hills become
lower thereafter, although the mountainous character persists, and there
is a definite veering of the trend to the south and southeast. Mt. Abu in the
Sirohi district stands slightly off the trend of the range, being com-
posed of a boss of granite which rises suddenly out of the plains.
The rugged cluster of peaks on this mountain is topped by the eminence
called Guru Sikhar which reaches a height of 1,722 m, this being the highest
point in the Aravalli ranges.

These mountains expose various types of rocks—mica-schists, amphi-
bolites, granites, gneisses, quartzites and crystalline marbles. The
quartzites constitute well marked ridges with serrated outlines, and
steep scarps on the western side. The crystalline limestones form rough
ridges with numerous crags and well jointed blocks marking the out-
crops. Some of the prominent exposures of marble, especially those near
Raialo, Makrana, Nathdwara, Raj Samand, Kankroli, Jahazpura and
in the Sabalpura hills are being worked to yield building and ornamental
stones. The granites, pneisses and amphibolites are marked by more
rounded topography. Granites are prominent particularly in the south-
west, where they can be recognised by the presence of characteristic tors.

The country to the southeast of the ranges descends down to
the valley of the Chambal river which for about 800 kilometres follows an
important fault line and is therefore straight. From this valley the ground
rises gradually and almost imperceptibly towards the Aravalli mountains

12
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of Ajmer and Udaipur, but, once the top is reached, there is a steep fall on
the northwestern side. The Aravalli also forms a sort of boundary between
the semi-desert to desert country on the west and the more normal

country on the east.

In eastern Rajasthan are the Mukandwara hills which run from Cham-
bal to Jhalrapatan as a double range. The southernmost part, in
Dungarpur and Banswara, is quite rugged country, broken by numerous
hills and valleys. East of this region we come to the area occupied by the
Deccan Trap lavas with its distinct topographic expression.

THE VINDHYA MOUNTAIN

In complete contrast to the Aravalli mountain, the Vindhya is con-
stituted of relict structures due to the sculpturing of a basin of sedimentary
rocks in which a series of hard sandstones play an important part. These
mountains extend between Rohtasgarh in Bihar in the east to Ganur-
garh in Bhopal in the west, over a distance of nearly 725 kilometres. The
whole of this region exhibits SSE facing scarps formed of the major sub-
divisions of the Upper Vindhyan System. The shaly formations between
the sandstones form the slopes and terraces, some of large area. The
Vindhya mountains really form a plateau which has a gentle northerly
slope drained by numerous rivers which finally join the Ganga system. The
rivers rise in the upper part of the plateau and flow north or northeast and
their courses are marked by gorges and cascades when they cross the sand-
stone formations. The Son river flows, in part, along the foot of
the Kaimur scarp which forms a near-vertical wall over 60. m high. The
course of the southern Tons is marked by several waterfalls the best known"
of which is the Behar falls which, when in flood, is a solid sheet
of water 180 m wide and 110 m high. The Vindhyan formations ter-
minate westwards at Ganurgarh and turn to the north, but the mountains
continue farther west for 325 kilometres more, but are composed of Deccan
Trap lavas. In this area, the southern foot of the mountains is occupied
by the valley of the Narmada river bordered by steep sides. The top of
the mountains here partakes of the character of a plateau, but devoid of the
sandstone scarps. Instead, it is occupied by flat-topped hillocks of
lava flows with terraced appearance.

THE SATPURA MOUNTAINS

These occupy the country between the Narmada and Tapti rivers in
Peninsular India. They are considered to commence in eastern Gujarat.
From here they run east, separating Khandesh from Indore. The moun-
tains are fairly rugged, forming an elevated plateau 760 m above sea
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level. They are composed mainly of the lavas of thz Deccan Traps.
Farther to the east, they rise above 1,000 m in elevation the plateau
being covered by rather stunted trees. In the east the Gondwana forma-
tions replace the Deccan lavas. A prominent landmark here is the Maha-
deo hills, a rugged mountain rising abruptly from the plains of Chhat-
tisgarh basin, its top occupied by the hill station of Pachmarhi. The
Mahadeo hills present a strong contrast to the rest of the Satpuras as they
consist of pink and brown sandstones very different from the sombre
black of the Deccan lavas. The easternmost part of the Satpuras is of varied
character consisting of a medley of hills and valleys reflecting the heteroge-
neous character of the geological formations therein.,

THE ASSAM RANGES

The Assam ranges together constitute the Meghalaya or Shillong pla-
teau. They include the Garo, ‘Khasi and Jaintia hills, which occupy the
southern part and run roughly in an E-W direction. The average eleva-
tion of the plateau is about 1,830 m. The top of the plateau consists of
rolling downs interspersed with ridges in the southern part and more rounded
and rugged hills in the northern part. The southern flank is a steep
scarp which constitutes the southern limb of a large monocline plunging
steeply into the Bengal plains. It exposes thick beds of the Sylhet Lime-
stone and other Tertiary rocks. The northern part is composed mainly
of ancient granites, gneisses, schists and quartzites. The plateau decreases
in height northwards through a series of steps into the valley of the Brah-
maputra. Near the western end are the Garo hills, carrying the Nokrak
peak (1,402 m). Being formed of prominent sandstones, they show a ser-
rated outline. Near Shillong, in the gneissic terrain, is the Shillong
peak (1,961 m) standing prominently above the plateau. The level falls
towards the south and southeast towards the Jaintia hills. Cherrapunji
in this region is celebrated as the wettest place in the world, receiving a rain-
fall of 10,869 mm per year on an average, and much more in some years.
In the southeast, close to the southern margin, are the Barail range which
continues to the east and rapidly rises in elevation. The Barail range finally
merges into the Lushai hills which are part of the Indo-Burma border
ranges.

The southern border of the plateau, along the axis of the monoclinal
structure, is marked by the prominent Dauki fault along which the whole
plateau is believed to have been moved eastward over a distance of about
250 km from its original position north of the Rajmahal hills an1 across
the present Garo-Rajmahal gap at the head of the Ganga d=lta. The
transcurrent movement occurred during the late Miocene or Pliocene.
Followed eastward, this fault merges into the Haflong-Disang thrust which
runs to the northeast from the northeastern end of the Shillong pla-
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teau into Upper Assam for a distance of some 400 km parallel to the Naga
thrust which borders the Brahmaputra plains of Upper Assam.

The Shillong plateau is intersected by a criss-cross pattern of faults
developed as a result of the southward directed pressure from the Himalayan
side and the NW-directed pressurec from the side of Burma. The faults
are conspicuous by the fact of their being occupied by stream courses.

THE EASTERN GHATS

On geological and tectonic grounds, the Eastern Ghats may be con-
sidered to consist of four sections. The northernmost, is the part occupy-
ing Mayurbhanj and adjoining territory north of the Mahanadi river ;
the second lies between the Mahanadi and Krishna rivers running NE-SW
parallel to the eastern coast ; the third lies between the Krishna and the
city of Madras along the arcuate eastern margin of the Cuddapah basin ;
the last is the region between Madras and the Nilgiri hills where they meet
the Western Ghats.

The first unit is formed of an intrusive igneous mass flanked
by gneissic rocks on the north and east and by banded iron forma-
tions on the west. The hill ranges run N-S or NNE-SSW with
prominent ridges and heavily forested deep valleys. The topography
varies according to the nature of the geological formations. In this region
are the peaks Meghasani (1,165 m). In Mayurbhanj, Thakurani (785 m)
and Gandhamadan (1,060 m) in Keonjhar, and Malayagiri (1,187 m)
near Pal Lahara.

From south of the Mahanadi, the Ghats run parallel to and
25 to 40 kilometres west of the coast ; but they come to the coast at Visha-
khapatnam. They are composed of the khondalite-charnockite suite of
rocks occupying a belt 15 to 25 kilometres wide. The khondalites are
metamorphosed sedimentaries, giving rise to smooth, rounded hummocky
hills capped by laterite cover, and with more or less level tops. The char-
nockites and associated intrusive granites form more rugged hills with their
surfaces covered with large blocks and tors. This part of the Eastern
Ghats is a true mountain range of the Alpine type formed in the early pre-
Cambrian times and uplifted in the late pre-Cambrian. The western
margin, at least in part, shows a faulted junction against the gneissic country,
as evidenced by the straight course of the Machkund river. It s
likely that the other parts of the margins are similarly faulted. In Jeypore
(Koraput) and Kalahandi, there are extensive plateau-like expanses of laterite
known as “pats”. The average elevation of the Ghats is about 1,100 m
one of the highest points being Mahendragiri (1,501 m) in Ganjam.
They form an important water-shed from which rise the Machkund, Sabari,
Sileru, Bhaskel, Indravati and several lesser streams which flow west and
ultimately join the Godavari. Those rising on the eastern flanks are smaller
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and shorter, like the Nagavalli and the Vamsadhara, the former rising from
a cluster of hills known as Nimgiri at an elevation of 1,515 m. There
are a few caverns in the limestone formations in the Ghats, the ones of Borra
near Vishakhapatnam and of Gupteswar on the western side being
well known. The Ghats become narrower and less prominent as they reach
the Krishna valley. .

The Godavari, like the Mahanadi and Nagavalli, cuts across the Ghats
and flows through a narrow but not very steep gorge. The Khondalite-
charnockite rocks terminate at the Kondavidu hills near Guntur just
south of the Krishna river, and run into the sea nearby. The continuity of
the Ghats is, however, taken up by the eastern margin of the Cuddapah
basin along which the gneissic rocks on the east are thrust against the sedi-
mentary rocks of the basin. The ranges in this part are called the Nalla-
mala, Palkonda and Velikonda hills whose average elevation is about 760 m.,
These form an extremely rugged and broken hilly country with jagged
peaks and steep slopes. The well known Tirupati hills and the Nagari
hills some 120 km and 56 km respectively to the north of Madras are formed
of quartzites constituting picturesque landmarks. This part of the
Ghats has an arcuate shape with concavity to the east, and terminates at the
Nagari hills.

The Eastern Ghats commence again near Madras city but take a WSW
direction, and proceed through Chingleput, North and South Arcot, Salem
and Coimbatore, to the Nilgiri mountains. Throughout this stretch, they
are composed of massifs of charnockite associated with gneisses and a varied
metamorphic suite including crystalline limestones, banded magnetite
quartzites, mica schists and amphibolites. For some distance west of Madras
city they form straggling hills but become prominent in the Javadi hills
of North Arcot. The other units of the chain are called the Gingee hills
in South Arcot, Kollaimalai and Pachaimalai in Tiruchchirappalli, Sheva-
roys, Godumalai etc. in Salem and Biligiri Rangan hills in Coimbatore.
The last named occupy a width of 25 km with several peaks, the highest of
which attains a height of 1,279 m. The charnockite massifs are the most
prominent amongst these, constituting bold and steep sided mountains
with a comparatively flat and rolling topography on the top.

THE WESTERN GHATS

The Western Ghats are not, in any sense, a mountain range, as they
are mainly the uplifted western border of the Peninsula formed of different
geological formations of varied origin and structure. The northern part,
in Maharashtra State, is the edge of the Deccan plateau occupied by the
flatlying Deccan Trap lava flows. In fact, the term Ghats expresses the
terraced appearance of the mountains, the steps of the terrace being succes-
sive lava flows. Ancient gneisses and metamorphics appear farther south
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in Ratnagiri and Kanara, the iron formations in Kadur and Shimoga, and
charnockites farther south. The total length is about 1,600 km and
there is a great variety of scenery and topography.

The Western Ghats commence in Khandesh just south of the Tapti
valley. They are 50 to 60 km from the coast, and have an average elevation
of 550 m, with a few peaks rising to 1,000 m. From Khandesh to
Trimbak, the source of the Godavari River, the trend is S. by W. and
thereafter almost due south in Maharashtra. In the Bombay-Surat region
the Deccan Traps show a monoclinal fold whose western limb dips gently
towards the sea at about 8 to 10 degre¢s. The axis of the monocline, run-
ning through Panvel and Kalyan toward the Gulf of Cambay, is frac-
tured and shows numerous hot springs. Throughout Maharashtra the
Ghats present steep and abrupt slopes towards the coast, but a gentle slope
towards the east. Though there is no well defined range, several spurs
take off from near the coast and run to the east. The general elevation
south of Bombay is about 1,400 m the more important eminences being
Kalsubai (1,646 m) and Mahabaleshwar (1,438 m),the latter being the source
of the Krishna river.

Between Ratnagiri and Coorg the rocks are a heterogeneous
assemblage of gneisses and metamorphics including green-schists and pro-
minent ridges of iron formations. The famous Gersoppa (Jog) falls of
the west-flowing Sharavati river at the southern border of Kanara is remark-
able for its sheer drop of 250 m. In Coorg, farther south, the Ghats recede
to a distance of 60 to 80 km from the coast, but in Sagar, between the
Govardhanagiri and Devakonda, they are only 15 km from the sea. The
peaks of Kudremukh (1,894 m) in Kadur and Pushpagiri or Subrahmanya
(1,714 m) in Coorg occur in this region. Between Pushpagiri in the north
and Brahmagiri in the south, there is a great range of charnockite rocks for
a length of 100 km. Several ridges run eastwards from here through Coorg,

the one carrying the double peak of Kotebetta (1,638 m) near Mercara being
noteworthy,

The Coorg belt of charnockite is really the northwestern prolongation
of the Nilgiri mountains which carry the peaks of Dodda Betta (2,637 m)
and Makurti (2,562 m). The latter presents a spectacular vertical sided
flank with a drop of several hundred metres. The Nilgiri mountain
on which the well known hill station of Ootacamund stands, has a steep
western face but merges gradually into the Mysore plateau on the north.

South of the Nilgiri is the extraordinary Palghat Gap, which is the
only wide and low p#ts of any size in the Ghats. This Gap is a smooth
saddle, about 25 kilometres wide, at an elevation of only 300 m.
For a long time it was the only easy line of communication between the
plains of Madras and the coastal plains of Kerala. It is probably the valley
of a large river which flowed west in pre-Pleistocene times,
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The Anaimalai rises abruptly south of the Palghat Gap, occupy-
ing the area between 10° 15’ to 10° 30’ N and 76° 51’ to 77° 20’ E, throwing
off an easterly branch which forms the Palni hills. The Anaimalai con-
stitutes a series of plateaus with rolling topography, intersected by deep
glens and valleys, clothed with dense forests of large timber trees includ-
ing teak, ebony, rose-wood, etc. These as well as the other charnockite
ranges of Coorg, Kerala and Madras (Shevaroys, Palni hills), support
large coffee plantations while rubber trees are grown in the lower hills of
Kerala. The plateaus of the Anaimalai are 1.800 to 2,000 m above
sea level, with several peaks rising above 2,400 m. The highest, and indeed
the highest in the whole of the Peninsula, is the Anaimudi ( 10° 10' N,
77° 4 E ) which is 2,695 m above sea level. In these mountains is also a
cluster of peaks in the shape of a horse-shoe, opening into a valley to the
northeast.

The Western Ghats continue south, forming the border batween
the Madras and Kerala States, but the elevation of the hills falls gradually
to about 1,200 m. The high rainfall on these mountains, averaging 5,000 mm
per year, is conducive to the growth of thick forests which form an
abundant source of excellent timber. The Ghats give off several easterly
spurs, of which the Varshanad and Andipatti hills are of large size
to the south of the Palni hills. From Quilon south to Nagercoil, which
is about 20 km north of Cape Comorin, the Ghats lose their identity
and only a few low hills are present.

It will be noticed that the main watershed of the Peninsula south
of the Tapti valley is the western Ghats, though it is so close to the western
coast. This is believed to be due to the faulting down of a strip of country
west of the Western Ghats into the Arabian Sea, as it is known that
the edge of the continental shelf on the west is a fault line of late
Pliocene age. It is also believed that there were two periods of uplift of the
western side of the Peninsula one post-Miocene and the other pro-
bably Pleistocene. The Mysore, plateau and the Cuddapah basin
show two erosion surfaces which can be related to these uplifts. There is
also some evidence that the chief charnockite massifs in the south under
went uplift in the late Tertiary as a result of isostatic adjustments in the crust.



CHAPTER VI

ZOOGEOGRAPHY OF THE MOUNTAINS OF INDIA

An attempt is made herc to present a brief outline of the out-
standing characters of the zoogeography of the principal mountains of
India. The account is necessarily sketchy and avoids detailed cvaluations
of evidence and discussions of problems and conflicting views. The salient
features of the ecology, faunal characters, patterns of distribution, centres
of origin and faunal radiation and other peculiarities of the biogeo-
graphy of these mountains are discussed in considerable detail elsewhere.*

LIMITING FACTORS

The general ecology of the *hills” and “mountains” of India,
in correlation with their biogeography, does not conform to our experience
in other parts of the world. It is known, for example, that on nearly
all the important mountain ranges in the world, the atmospheric tempera-
ture is the dominant, if not the most decisive limiting factor in animal dis-
tribution. While this is perhaps partly true above the forest-line on the
Himalaya, it would, however, seem at first sight that within the forest zone
on the Himalaya and at least on the Peninsular mountains, it is the amount
and distribution of annual rainfall that is dominant as a biogeogra-
phical factor. The close agreement between the patterns of distribution
of rainfall and distribution of plants and animals in India would indeed
seem to be convincing evidence of such a view. It must, however, be pointed
cut that while not in complete disharmony with the rainfall patterns and
other climatic conditions, the general composition and distributional patterns
of the character fauna of the mountains of India are not primarily the result
of these conditions. These conditions do not even give any clues to the
origin of the distributional peculiarities. The present-day climate of
practically the whole country is determined largely by the mountains
themselves, and particularly by the Himalaya, so that the dominant
limiting factors in the distribution of animals are, therefore, largely historical,
rather than climatic. The Himalaya orogeny, the geological stability of the

*Mani, M. S. 1962. Introduction to High Altitude Entomology. London :
Methuen & Co. pp. 302, fig. 80, pl. xvii.

Mani, M. 8. 1967. Ecology and Biogeography of High Altitude Insects, The
Hague : Dr. W. Junk Publishers. p. 700.

Mani, M, 8. Biogeography in India (In Press).
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Peninsular Block and the intense pressure of influx of Extra-Peninsular
faunas, mainly from the east, have determined the general composi-
tion and biogeographical affinities of the mountain faunas. The pecu-
liarities of distributional patterns of the faunas of the Peninsular mountains
and of the Himalaya and other Tertiary mountains are largely the
results of the Pleistocene glaciations on the Himalaya. Pleistocene
glaciations have influenced animal distribution in a great diversity of ways
in Europe and North America and in India this influence has been quite
different from those regions.

The patterns of distribution on the Peninsular mountains and
within the forest zone on the Himalaya have been very profoundly
influenced by the pressure of human settlements and expansion and spread
of civilization. Deforestation, intensive and shifting cultivation, over-
grazing and wars are major decisive factors, which have determined
the distributional patterns on the Peninsular mountains. Commencing
from the lowlands, deforestation has extended up the hills and mountains,
till eventually little of the original climax forest now remains as mere
relicts, in the extreme southwest corner of the Peninsula. Areas deforested,
but subsequently abandoned by man, did not regain the original forest-
cover, but turned into open grassland savannahs, so that the -ecolo-
gical and biogeographical effects of deforestation have been far more
intense in India than perhaps anywhere else in the world. Destruction of
forests affected the distribution not only of the forest-specialized forms,
but as a chain reaction more or less profoundly influenced every other
dependant habitat, so that even the distribution of fresh-water stream
species was altered.

Climatically, the mountains of the extreme southwest of the
Peninsula are largely comparable with those of Assam-Burma in the
northeast, where deforestation has not, however, been so colossal as
in the rest of India. The eastern Himalaya and the Burmese Arc are humid-
tropical in their general ecology and also form an integral part of the ecolo-
gical and biogeographical unit of south China, Indo-China, Thailand,
Assam and north Burma. As we proceed westward along the Himalaya,
the general ecology, both within the forest zone and above the forest-
line, is progressively dominated by increasing continentality of climate
and the Baluchistan Arc is indeed characterized by its general high aridity.
The transition between the ecological and distributional conditions pre-
vailing in the eastern Himalaya and in the extreme northwest Himalaya
in Kashmir occurs in the area of the great defile of the Sutlej through
the Himalaya.

The outstanding peculiarities of the ecology of the Himalaya, with
special reference to animal distribution, may be attributed to its massive-
hess, the stupendous elevations of the mountain ranges, their trendlines,
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their location in the middle of a vast continental mass, their Tertiary oro-
geny, the Pleistocene glaciations and the continuing post-Pleistocene uplift’
movements. South of the crestline of the Great Himalaya, the lower hills
are covered by the broad-leaved wet or lower monsoon-forests up to eleva-
tions of 900-1,000 m. Above this succeed the middle and the upper mon-
tane evergreen-forests, and at elevations between 2,450 and 3,100 m:
there is the broad-leaved sclereophyll Quercus-Rhododendron forest,
This is really a mischwald, with conifers in the east. This gives place to
the Betula-Juniperus zone at elevations of 3,000-3,600 m in the extreme
west and a shrub zone of Abies spectabilis, with thickets of Rhododendron
campanulatum, succeeded by dwarf Rhododendron anthopogon and Rho-
dodendron setosum at elevations of 4,260-4,575 m in the east, where
this belt may, however, ascend up to 5,180 m. " In the western parts of the
Himalaya, the Betula-Juniperus zane marks the upper limits of the forest
and gives place to open vegetation of plant cushions, reaching up to 6,150 m.,
In the east the forest-line is at an elevation of about 4,100 m.

THE PENINSULAR MOUNTAINS

The Peninsular mountains are, from the zoogeographical point of
view, refugial areas of survival of relicts of a complex, but at the same time
‘greatly impoverished fauna, characterized at present by their pronounced
regression, These mountains are indeed progressively diminishing theatres
of concentrations of relicts of a fast vanishing faunal complex. The con-
-centration of the typical Peninsular faunal elements on the mountains,
observed at present, is no proof that these mountains were the centres
of differentiation and faunal radiation. It does not also indicate approach-
ing climax conditions and ecological and faunal stabilities. ' '

The dominant character forms, found at present on the high mount-
-ains of the Peninsula, like the Nilgiri, Anaimalai, Palni and Cardamom' Hills,
-were formerly widely and continuously distributed over the whole of the
-Peninsular Block and many of them even transgressed extensively and
often deeply into the Extra-Peninsular areas, particularly on the moun-
tains of Assam-Burma and south China. A part of the faunas of south
China, Indo-China and Malayan subregions transgressed and was -con-
tinuously distributed from Assam-Burma to the extreme southwest corner
~of the Peninsula. The climatic changes in the Indo-Gangetic Plains
and in the northern and northeastern parts of the Peninsular Block, brought
~about by the Pleistocene glaciations on the Himalaya, represent perhaps
an initial phase in the origin of the marked discontinuity .of distribu-
tion prevailing today. Though there seems to have been a partial
restoration of continuity and re-establishment of faunal exchanges between
the mountainous areas in the northeast and the Peninsular high areas
by the end of the Pleistocene conditions, increasing human interference,
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especially within historical times, interrupted these processes. The regrese
sive changes in the faunal range of the Peninsula seem to have reached
a critical stage, beyond which even a partial recovery of the ground
lost became impossible, some time soon after the Mahabharata war,
“The fauna that was thus once common to the Peninsula as a whole and
even to the contiguous Extra-Peninsular mountains in the northeast, has
thus been pushed up to the refugial niches of the higher levels, viz. the so
called mountains, of the Peninsula by the destruction of habitats elsewhere.

The fauna of these mountains cannot, therefore, be strictly speaking
‘described as composed of mountain animals—these are indeed no
.mountain-autochthonous elements on the Peninsular mountains, but only
tropical-forest autochthonous forms of plateau and of a strictly relict
character. The distribution of animals on the Peninsular mountains,
despite the high elevations at least in the south, is not also characterized
by perceptible altitudinal zonation. We find on the other hand a
striking gradient in the density of species, in other words an increasing
poverty of species from the mountains, to the north, northeast and east.
This peculiar inversion in abundance of species is fundamentally different
from the conditions observed on mountains in other parts of the world,
The gradient, which we observe, reflects merely the concentration of
relicts on the refugial forested hills and the fall in their abundance with
increasing distance and with vanishing habitats. The heavy concentration
of genera and species and the high degree of isolation on the high
hills of the southern block of the Peninsula are really symptoms of faunal
regression, within historical times. While intense isolation ordinarily
favours rapid speciation, there is, however, a striking evolutionary stagna-
tion on the Peninsular mountains.

From the biogeographical point of view, the fauna of the Peninsular
mountains, especially of the Western Ghats, are therefore composed almost
exclusively of phylogenetic and geographical relicts. They represent
essentially impoverished remnants of a vanished fauna of the whole Penin-
sular plateau.

_ The original fauna of the Peninsular Mass, the impoverished relicts
of which are now restricted to the forests on the mountains, was charac-
terized by the following component elements : i. the derivatives of rela-
tively older faunas, differentiated in a southern landmass, viz. the
Gondwana faunas and ii. the derivatives of the relatively younger faunas
differentiated in the northern landmass of Asia, mostly during Ter-
tiary times. There was a complex admixture of these derivatives of
essentially forest faunas in the Peninsula. Ethiopian and Mediterranean
faunal elements constituted minor components.

' The derivatives of the Gondwana faunas represent perhaps the oldest
component eclements and are thus true phylogenetic relicts. The most
important of these derivatives are the Peninsular autochthonous elements,
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which differentiated from the common ancestral stock of Lemuria (Africa-
Madagascar-Indian Peninsula), after the Peninsula became separated
from Madagascar. They represent the dominant types of the original
fauna of the Peninsula, before the intrusion of the younger Tertiary faunal
elements from the northeast. The fresh-water sponges Gecarcinucus and
Pectispongilla, the fresh-water hydroid Limnocnida indica, the Oligo-
chaeta Comarodrilus, Ochtochaetus and Eudichogaster, the Mollusca
Ariophanta, Mariaella, Pseudaustenia, etc. are some of the more in-
teresting relicts of this ancient fauna, now restricted to small patches on the
Western Ghats. The Lamellibranch-Mollusc Miilleria is represented by
a single species Miilleria dalyi in mountain streams, feeding the Krishna
on the Western Ghats. The family Aetheriidae, to which Miilleria belongs,
is of great antiquity and the next congeners of this species are found
only in South America. Another Mollusc Mariaella is at present confined
only to the Western Ghats, for Mahabaleshwar in the north to Malabar in
the south, but was formerly more widely distributed in the Peninsula.
Two other Mollusc Pseudaustenia restricted to the Nilgiri and Cardamom
Hills and Ratnadvipa restricted to hills of Ceylon (which are detached
portions of the Peninsular Block) are also relicts belonging to this group.

, There are some interesting Peninsular-autochthonous fishes like
Sisor, Jerdonia, Nemachilichthys, numerous species of Mystus, Batasia,
Glypto-thorax, Silnopangasius, etc. The South Indian hills are the
home of several interesting relict Amphibia like Micrixulus, Nyctibat-
rachus, Nannobatrachus, Cacophis, Nannophrys, Melanobatrachus, Gege-
nophis, etc. The relict reptiles on these mountains include the snakes
Uropeltidae, Xylophis, Haplocercus, Aspidura, etc. The mammals Plata-
canthomys, Loris, Melursus and Tetraceros must also be considered as
such relicts. All these autochthonous forms are essentially humid tropical
forest elements and it was this high ecological specialization that led to
their relict status on the mountains by the disappearance of the forest habit-
at below.

A great many of the Peninsular forms are common to the Peninsula
and Madagascar and sometimes also tropical and South Africa or have their
closest relatives in these areas. Some of these Madagascan and tropical
African relatives transgress eastwards to the Melanesian and Polynesian sub-
regions and even to the Australian and Neotropical regions. The
genera and species with Madagascan and tropical African affinities are also
essentially forest-specialized forms. The genera and species with Mada-
gascan affinities are more numerous on the South Indian mountains
than those with tropical African affinities. The fresh-water sponges Cor-
vospongilla and Spongilla (Stratospongilla) bombayensis, occurring in the
drainage area of the Godavari on the Western Ghats up to Mysore, are
known from South Africa. The fresh-water hydroid Limnocnida and the
fresh-water Bryozoa Plumatella (Afrindella) tanganyikae and Lophopodella,
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occuring in the Western Ghats, are tropical African forms. The Oligo-
chaeta of the Peninsular hills, with Madagascan-Tropical African affinities,
include Howascolex, Curgia, Gordiodrilus, Glyphidrilus, etc. The FEast
African scorpion Jomachus occurs on the Shevaroy and Nilgiri Hills. The
Tropical African spider Heliogmomerus occurs on the Kodaikanal and
Palni Hills and on the hills of Ceylon. The fishes with African affinities,
occuring on the Western Ghats, include Notoprerus, Barilius, Rasbora,
Gobius, Mastacembelus, Garra, etc. FEutropiichthys, a Schilbaeid fish
with three species in the Peninsula, is closely related to the African Eutropius.
Of the reptiles common to Africa and South Indian mountains, mention
may be made of Cnemaspis and Riopa and the birds include the yellow-
throated Gymmornis and Salpornis. The Cercopithecine monkeys of the
South Indian hills are closely related to the African forms.

The derivatives of the younger faunas, differentiated on Tertiary moun-
tains of Yunnan-Assam-Burma area or the Indo-Chinese Subregion
and from the Malayan Subregion, belong to Recent and phylogenetically
higher groups like Lepidoptera, snakes, higher mammals and birds. The
greatest bulk of the butterflies found on Peninsular mountains, even as far
as the extreme southwest, are, for example, localized endemic races and
subspecies of species and genera which arose in the northeast and in Malaya,
or they are wholly identical with them. All these butterflies, now
restricted to the mountains, were formerly continuously and widely distri-
buted in the Peninsula. The butterfly Graphium agamemnon, which has cx-
tended from South China southwards to the Solomon Islands and
westwards on the Himalaya up to Kumaun, is represented, for example,
on the Nilgiri Hills and on the hills of Ceylon by Graphium agamemnon
menides. The Homalopterid fishes like Balitora, Bhavania, Travancoiia,
etc., numerous lizards and snakes are other examples with such eastern affi-
nities. The Malayan elements are illustrated by the Oligochaeta Megas-
colex, Woodwardia, etc., scorpion Chaerilus, Uropygi Thelyphonus and
Trithyreus and fishes like Thynnichthys.

A small number of Ethiopian and Palaearctic forms also occur on
the Western Ghats. The Palacarctic elements are mostly derived from the
Mediterranean Subregion, but isolated examples of the Turkmenian forms
from the Himalaya are also discontinuously found on the South Indian
mountains and represent Pleistocene relicts. Most of these elements have
intruded from the northwest, during perhaps the late Pleistocene and also
to some extent during the early post-Pleistocene times and are mostly con-
fined to the northern parts of the Western Ghats, although extremely
few species have spread further south. The Mediterranean elements are
illustrated by the scorpions Buthus and Buthueolus and the Himalayan forms
include the Carabid beetles Harpalus and others. The mammals likec Hemi-
tragus hylocrius occur on the Western Ghats, from Nilgiri to south,
but all the other species of the genus are found on the Himalaya. The
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Mediterranean and Ethiopian elements are- ecologically specialized
for open habitats and steppes and not forest forms and are thus habitat-
foreign elements that have largely not transgressed beyond the Deccan
Lava areas of the northern parts of the Western Ghats.

THE EXTRA-PENINSULAR MOUNTAINS

The biogeographical peculiarities of the Himalaya are corre-
lated with the topographic youthfulness and persistence of the uplift move-
ments to the present times, the highly transitional conditions that pre-
vailed after the retreat of the Pleistocene glaciers, the repeated faunal in-
trusions from the east, the wide ecological differences introduced by
the enormous elevations and great lengths of the mountain ranges and the
far-reaching ecological changes affecting animal distribution in the Indo-
Gangetic Plain brought about by man within historical times. In marked
contrast to the Peninsular mountains, the Himalaya is extremely rich in
relatively young and phylogenetically highly plastic forms. The distribu-
tional pattern is also fundamentally different and is characterized not only
by marked altitudinal zonation but also by a very pronounced east-west
limitation and gradation of the faunal component elements.

There is a pronounced concentration of typical mountain-autochtho-
nous and endemic elements at higher elevations, above the forest-line,
with a corresponding poverty below. There is also a marked westward
carichment of the mountain-autochthonous and endemic elements, so that
the extreme eastern end of the Himalaya is biogeographically very
different from its extreme western end. In the extreme east, the dominant
component elements of the fauna of the Himalaya, both within the
forest and above the forest-line, are derived largely from the South Chinese,
Indo-Chinese and Malayan Subregions of the Oriental Realm. In the
west the fauna is, however, almost completely Palaearctic and the dominant
elements are derived from the Turkmenian Subregion (Middle Asia*) and the
eastern extension of the Mediterranean Subregion. Although there is no
sharp boundary between the predominantly Oriental fauna of the Eastern
Himalaya and the Palaearctic fauna of the Northwest Himalaya, the bio-
geographical transition occurs about the defile of the Sutlej, where there
is also a sharp change in the Himalayan syntaxis. Here the already atte:
nuated Chinese and Malayan tropical forms seem to have been not

* In English language, there is considerable confusion about the areas included
here. Middle Asia includes the Republics of Turkmenistan, Uzbekistan, Tadjikstan
and Kirghisia (former Southern Turkestan and North Afghanistan). Central Asia in-
cludes strictly the Mongolian People’s Republic, Western China ( Sinkiang, Tsinghai),
Tibet and Inner Mongolia,
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only halted but also partly deflected southwards along the Aravalli trend to
the Peninsula.

The boundary altitude between the tropical elements of the Oriental
(forest) fauna and the cold-adapted Palaearctic (steppes) fauna is in the
ecologically transitional zone of the forest-line. The wooded slopes of
the Himalaya form a belt of very variable width, between the Indo-
Gangetic Plains on the one hand and the Palaearctic area on the other hand.
The forested area is not, however, casily defined biogeographically north-
south, as a number of genera that really belong to the tropical lowlands
penetrate up the valleys deep often beyond the Oriental-Palaearctic transi-
tion and similarly some of the Turkmenian and Tibetan types descend in
great tongues on the cold slopes, well within the forest.

1. THE FAUNA OF THE HIMALAYAN FORESTS

The animal life of the forest zone on the Himalaya is essentially a tro-
pical forest fauna, secondarily adapted to subtropical, montane and even
temperate conditions in the upper reaches of the forest and partly
also towards the west. This fauna is derived largely from the South Chinese
and Indo-Chinese faunal differentiation centre and to some extent from
the Malayan centre. The tropical faunal elements have even spread round
the eastern end of the Himalaya to Eastern Tibet and some of the
outliers of these elements are indeed detected even in the Manchurian Sub-
region of the Palaearctic. Genera and species, which were differentiated
in the areas to the east, spread on the Himalaya much further westwards
on the forested Indian side than on the Tibetan side. North of the Great
Himalaya, the tropical forest fauna reaches only Eastern Tibet, but south
of the Great Himalaya as far west as Kashmir. The genera and specics,
now restricted to the forest zone on the Himalaya were, however,
formerly more widely distributed even in parts of the Indo-Gangetic Plains
and Peninsula. In most groups of animals derived from these centres,
there have risen on the Himalaya a graded series of local subspecies, varie-
ties and races, with increasing distance from its eastern end. This is an
important difference between the fauna of the Himalaya and of the Penin-
sular mountains—speciation is far more intense in each group and also
frequent in many more groups than on the Peninsular mountains. The
greatest majority of the Himalayan butterflies, distributed in the forest
‘zone, belong to genera and species which have their centres of origin and
dispersal in South China, Indo-China, Thailand, and Burma, but are
represented by an almost complete graded series of local mountain-autoch-
thonous subspecies and races, from the Eastern Himalaya through Nepal
‘and Kumaun-Garhwal nearly to Kashmir.

The Indo-Chinese genus of butterflies Chilasa is largely confined to the
Eastern Himalaya, but extends sparsely even up to Kashmir. Chilase
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agestor agestor occurs, for example, from Tonkin to Sikkim in the
Eastern Himalaya, but Chilasa agestor govindra extends from Kumaun
to Kashmir and Chilasa agestor chiraghshai occurs in West Kashmir.
We observe in this case, for example, the East Himalaya and South and
Indo-China have the typical subspecies, but further westwards on the
Himalaya the subspecies are increasingly localized developments. Papilio
bootes extends from west China through Assam and Eastern Himalaya to
Garhwal.  Papilio rhetentor, from China and Hainan, occurs on
North Burmese mountains and extends westwards along the Himalaya
to Kumaun. Papilio protentor, from Formosa, Hainan, China, Tonkin
and Burma, extends through the Eastern Himalaya up to Kashmir and
Papilio polycitor even up to Chitral. The beautiful butterflies of the
genus Troides (=Ornithoptera), from the Malayan and Malaysian
areas, are represented by Troides helena cerberus in the Eastern Himalaya
(and also parts of the Orissa Hills of the Eastern Ghats) and Troides aeacus
aeacus extending from Formosa across North Burma to Garhwal Hima-
laya. The Indo-Chinese Papuan Valeria occurs on the Eastern Hima-
laya. Polydorus philoxenus, from China, Tonkin, Formosa and Annam
and Burma, extends across the Himalaya to Kashmir. A number of Coleop-
tera like Jumnos, and the butterfly Teinoplapus imperialis are common to
the Eastern Himalaya and the Assam-Burma mountains.

Mention must be made here of the Onychophora Typhloperipatus wil-
liumsoni found on the Abor Hills of the Eastern Himalaya. This
is related to the Malayan Eoperipatus. The distribution of the Onychop-
hora includes Malaysia, tropical Africa, tropical America and Austra-
lia. The occurrence of this Gondwana group on the Eastern Himalaya
shows again biogeographical affinities of this part of the Himalaya to
the Oriental Region.

The fish Glyptothorax, found in the Himalayan streams and
rivers, is represented by a single species which is common to the Eastern
Himalaya, Eastern Tibet and South China. Many fishes like Psilorhyn-
chus balitora, Balitora brucei brucei, Nemachilus beavani, Nemachilus
savona, Nemachilus scaturgina, etc. are confined to the Eastern Hima-
laya, and others like Tor progenius, Schizothorax progastus, Batasio bata-
sio, etc. are endemic to the extreme east of the Himalaya. The amphibian
Tylototriton extends from Yunnan to Nepal. Among the reptiles, we find
numerous examples. Japalura, from south-west China and extending to
Formosa and Sumatra-Borneo, is represented by Japalura variegata on the
Eastern Himalaya, Japalura tricarinata from Sikkim to Nepal, Japa-
lura major from Garhwal to Northwest Himalaya and Japalura kumao-
nensis in the Kumaun Himalaya. The snake Typhlops jerdoni is common
to the Eastern Himalaya and Assam-Burma mountains and Typhlops oligo-
lepis is confined to the Eastern Himalaya. Another snake Elaphe radiata
extends from South and Indo-China to the Eastern Himalaya and
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occurs also on the Orissa Hills of the Eastern Ghats. Elaphe porphyracea
extends from Yunnan across Assam-Burma mountains to the Eastern Hima-
laya (and south to Malaya-Sumatra and Elaphe cantoris is confined
to the Assam-Burma mountains and Eastern Himalaya. Zaocys nigromar-
ginatus extends from Yunnan to the Eastern Himalaya. Natrix parallela,
from Yunnan-Tonkin, extends across Assam-North Burma mountains
to the Eastern Himalaya and MNatrix himalayana is confined to the Eastern
Himalaya and Assam-Burma mountains, but Natrix platyceps extends from
the Eastern Himalaya nearly up to Kashmir. While Boiga ochracea and
Boiga gokool are confined to Assam and Eastern Himalaya, Boiga cyanea
is common to Indo-China and Assam-Burma and FEastern Himalaya
and Boiga multifasciata has spread up to Kumaun on the Himalaya.

Some of the common birds of the Eastern Himalaya include the black-
rumped magpie Pica bottanensis, the blue magpie Urocissa, the racket-
tailed magpie Cry irhina ; titmouse Aegithaliscus, Lophophanes and Silva
parus, etc. Paradoxiornis and Suthora are common to the mountains
of South China, North Burma and the Eastern Himalaya and others like
Liothrix, Cutia, Peruthius, Mesia and Minla are confined to the Assam-
Burma mountains and Eastern Himalaya. The Eastern Himalaya is richer
in birds than the Western and Northwest Himalaya.

Among Mammals Macacus assamensis occurs throughout the Hima-
laya. Felis nebulosa, Felis marmorata and Felis temnicki occur in the
Eastern Himalaya, Burma and Malaya. Linsang (Prionodon) pardicolor
is common to Burma and the Eastern Himalaya, but Mustela flaviguda ex-
tends from the Eastern Himalaya to Malaya. Arctonyx is represented by
two species in the Eastern Himalaya, Assam-Burma and Indo-China.
Lutra cinerea extends from South China across Assam-Burma to Malaya
in the south and westwards to the Eastern Himalaya (discontinuously
also on the Nilgiri Hills in the Peninsula). Other Mammals in the east
include Talpa murina (only Himalaya), Talpa leucura and Chimarro-
gale himalaica (Himalaya and Burmese mountains). Though formerly
distributed up to the Northwest Himalaya, Rhinoceros unicornis is now
confined to the base of the foothills up to Nepal only.

In its western end, forest zone of the Himalaya has a relatively small
fauna. Even the forest is here different from that in the Eastern Himalaya
and most genera and species of animals, which are characteristic of the east,
are absent. We have here the meeting of the Mediterranean, Ethiopian and
Turkmenian elements, with the greatly attenuated Oriental outliers.
While the Eastern Himalaya has, for example, a rich and diversified assem-
blage of Oligochacta, the western end of the Himalaya is strikingly
poor, but we have here Perionyx and the endemic Eutyphoeus. The
Mediterranean Carabid beetle Calosoma occurs here. The butterflies

-of the Holarctic Pieris and Colias are abundant in the west and have

14
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spread eastwards across the Himalaya, with diminishing abundance even to
‘Burmese mountains. The Satyridae, which are largely concentrated in the
Eastern Himalaya within the forest zone, rise above these limits in
the western parts of the Himalaya. The genus Pararge is mostly confined to
the upper reaches of forest in the Northwest Himalaya and Coenonympha
is restricted wholly to the Northwest Himalaya. Schizopygopsis is
confined to the western parts of the Himalaya. There are about ten species
of Schizothorax in Afghanistan and eight species in the Northwest
and Western Himalaya. The Malayan element in the western parts
of the Himalaya is very small and is illustrated by Microhyla

Amphibia).

The Ethiopian Gymnodactylus has spread eastwards across the
Northwest Himalaya to Burmese mountains. Gymnodactylus law-
deranys extends, for example, from the Northwest to Kumaun Himalaya.
Agama himalayana is common to Middle Asia and Northwest Hima-
laya and Agama tuberculata extends from Afghanistan eastwards to Nepal.
Phrynocephalus occurs in Middle Asia, Northwest Himalaya and Balu-
chistan. Though found in the Northwest Himalaya, the birds Uro-
cissa flavirostris, Garrulax albigularis, Trochaloperum lineatum, Stachyridop-
sis pyrrhops, Hodgsonius phoenicuroides, etc. do not extend east beyond
Kumaun. Among mammals Vulpes leuopus and the polecat Putorius
larvatus are confined to the Northwest Himalaya. The Himalaya black-
bear Ursus torquatus extends from Afghanistan and Baluchistan across
the Himalaya to Assam-Burma and South Chinese mountains.

2. FAUNA OF THE HIMALAYA ABOVE THE FOREST-LINE.

The fauna of the elevated regions above the forest-line on the Hima-
laya is very different from that of the forest zone. This fauna is relatively
sparse, characteristically lacking in tropical Indian, South Chinese, Indo-
Chinese and Malayan derivatives, but is composed almost exclusively of
mountain-autochthonous, cold-adapted Palaearctic elements, the greatest
bulk of which are strictly endemics that arose in situ and pari passu with the
Himalayan uplift from an essentially steppes fauna. The main faunal
affinities of the biotic zones above the forest-line on the Himalaya are with
the Turkmenian Subregion of the Palaearctic, but there are also some
Mediterranean and Manchurian elements. The greatest bulk of the Inverte-
brates found above the forest-line are typically terricole and also mostly
endogeous, predatory species, but many species occur also in the glacial
lakes, ponds, streams and thermal and chemical springs. The Vertebrata
are remarkable for the absence of fishes and amphibians and the striking
poverty of reptiles. Birds and mammals are, however, sparsely
found. '
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Corvus corax is represented, for example, by a large race at
higher elevations. The snow-partridge Lerwa nivicola and the Cornish
cough are common at elevations of 6,200 m. The snow-leopard Felis uncia
and other Carnivora like Felis Iynx and Felis manul are also typical
of the high elevations. The European beech-marten Mustela foina, extend-
ing from Afghanistan to Kumaun Himalaya, may also be found above
the forest-line in the Northwest Himalaya. A variety of the European
Ursus arctus usually occurs above the forest-line. Arctomys himalayanus,
Arctomys hodgsoni and Arctomys caudatus occur in North Kashmir and
Tibet. A number of voles occur in the Northwest Himalaya. Lagomys
is confined to the higher elevations of the Northwest Himalaya, Baluchis-
tan and Tibet. Bos grunnius, the Tibetan yak, may be found sparsely at
higher elevations on the Northwest Himalaya. Ovis hodgsoni the Tibetan
sheep, Ovis poli the Pamir sheep, and Ovis vignei are typical high
altitude mammals from the Northwest Himalaya and Ovis nahura occurs
at high elevations throughout the Himalaya. Capra sibirica the ibex, Capra
falconeri the markhor and Capra aegagrus the Persian wild-goat are also
characteristic of the higher elevations above the forest-line on the Northwest
Himalaya. Nemorhaedus bubalinus occurs from Kashmir to Assam-
Burma mountains. Moschus moschiferus is characteristic of the elevated
regions above the forest throughout the Himalaya. Nectogale, Eupe-
taurus and Pantholops are Tibetan animals, occasionally found at high
elevations on the Himalaya.

The animals par excellence of the high altitudes above the forest-
line on the Himalaya are, however, diverse insects, spiders and mites. The
highest elevation at which insects and mites exist in the world is 6,900 m. on
the Himalaya.

The high altitude insect life of the Himalaya is remarkable for the
very high species-endemism in all groups. Over 70 per cent of the species
occurring above the forest-line are strictly endemic. There are, besides,
a large proportion of species which are endemic to the vast elevated
region of the northwest Himalaya and the Pamirs-Alai. The greatest bulk
of the endemic species have risen during the Pliocene times, but many
are also of Pleistocene and post-Pleistocene origin. The Pliocene
endemic species have survived the Pleistocene glaciations on high
nunataks (ice-free rocks above the glaciers) and have since the end of
the Pleistocene glaciations given rise to numerous subspecies. Essen-
tially thermophile lowland steppes forms were lifted up, in the course of
the Himalayan orogeny, to high elevations by the rise of the ground they
inhabited and simultaneously came to be modified into cryophile and cryo-
biont, mountain-autochthonous types. While the evolutionary changes
during the Pliecene times largely involved the modification of rela-.
tively few species into true high altitude types, there is at present a very
pronounced tendency towards an increase in the number of species
through rapid subspeciation and isolation high massifs.
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Mayflies, stoneflies and caddisflies abound in the melt-water torrents,
nearly right up to the permanent snowline (5,200 m). The stonefly
Rhabdiopteryx lunata occurs, for example, at an elevation of 5,000 m.
A remarkable number of curious grasshoppers like Bryodema and Gom-
phomastax endemic to the Northwest Himalaya, Karakoram and the
Middle Asiatic mountains, the interesting apterous Conophyma also endemic
to the Northwest Himalaya, the Middle Asiatic high steppes and the Pamirs,
the Himalayan endemic genus Dicranophyma and the Mediterranean genus
Sphingonotus are typical of the higher elevations above the forest on the
Himalaya. The tettigonid grasshopper Hypsinomus fasciata occurs at ele-
vations between 4,57. and 4,875 m. Certain earwigs like Anechura, with
close affinity to the species found in the Alai-Pamirs, also occur above the
forest-line on the Northwest Himalaya. Among the bugs there are
two interesting endemic genera, viz. Dolmacoris and Tibetocoris at ele-
vations of 4,000-5,000 m. Nysius ericae is also represented by certain
endemic subspecies at 5,200 m. Coleoptera are the dominant high altitude
insects and represent almost one half of the total number of high
altitude species so far known from the Himalaya. The dominant
families of Coleoptera include Carabidae, Staphylinidae, Tenebrionidae
and Curculionidae. The interesting aquatic beetle Amphizoa occurs in
glacial lakes at very high elevations on the Northwest Himalaya. These
beetles are also known from Tibet and North America. The Cara-
bidae include Amara, Bembidion, Carabus, Calosoma, Cymindis, Nebria,
Harpalus, Trechus, Anchomenus, Phaeropsophus, Calathus, Bradytus,
Clivina, Broscus, Chaetobroscus, Dyschirius, Leistus, Tachys, etc. Amara
brucei and Bembidion nivicola occur at elevations of 5,050 m. The Staphy-
linidac include Athcta, Aleochara, Geodromicus, Lesteva, Ocyusa, Oxypoda,
Philonthus, Tachinus, etc. The highest altitude record of permanent exist-
ence of Coleoptera in the world is held by the remarkable Staphylinid
Atheta (Dimetrota) hutchinsoni, which occurs at an elevation of 5,600 m
on the Northwest Himalaya. Many Tenebrionidae like Bioramix and
Chianalus are endemic to the Northwest Himalaya and there are besides
endemic species of genera like Blaps, Cyphogenia, Laena, etc. Laena
alticola occurs at an elevation of 5,020 m. Ascelosodis occurs at 5,180 m
in the area of Mt. Everest. A number of ants like Formica (Serviformica)
picea and bumble-bees like Subterraneobombus melanurus subdistinctus
and Lapidariobombus saparandus are also found. The most dominant
butterflies of the Himalaya, above the forest-line, are species of Holarctic
Colias, Argynnis and Parnassius. Several species and subspecies of
Parnassiys habitually occur only at elevations of about 5,800 m. The
Diptera include the interesting family Deuterophlebiidae found on the
Northwest Himalaya, Tien Shan, Altai Mountains, Canada and many parts
of the United States of America. Deuterophlebia are peculiar mayfly-like
delicate flies, the larvae of which breed in glacial torrents and cling to sub-
merged stones by means of powerful hooks at the tips of their numerous
appendages. There are besides a number of species of Simuliidae, Blepha-
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roceridae, Syrphidae, Anthomyiidae, Tachinidae and Sarcophagidac
even up to elevations of 6,000 m. A number of Collembola (snow-fleas)
like Entomobrya, Isotoma, Proisotoma, Hypogastrura, Isotomurus, Tomo-
cerus, Onychiurus, etc. occur on ice and snow even at above the snowline,
at elevations of 6,900 m.

To summarize, it may be stated that the Peninsular mountains are
refugial areas of phylogenetic and geographical relicts, which are not
also essentially mountain forms, but typically lowland tropical forest types.
The fauna of the Himalaya is, however, composed of mountain-autochtho-
nous endemic Palaearctic elements only above the forest-line. The fauna
of the forest-covered mountain ranges south of the Great Himalaya
is composed of Oriental forest elements, which have become secondarily
adapted to montane conditions. The eastern parts of the Himalaya are
nearly completely Oriental, but the western end has Turkmenian and
Mediterranean faunas. The effect of isolation on Peninsular Mountains is
to preserve phylogenetic and geographical relicts, but on the Himalaya
to intensify speciation.



CHAPTER VII
VEGETATION OF THE HIMALAYA

The present author published in 1957 the first comprehensive
account of the vegetation of the Himalaya, which was accompanied by a
map—on scale 1 : 2,000,000—based upon careful evaluation of the material
available upto and including 1956. To avoid any guess work all those
areas within the mountain world of the Himalaya, of which there
did not exist any reliable data concerning the vegetation, were deliberately
left ‘white’ on the map as still ‘botanically unexplored’ country such
as parts of the Northwest, Nepal, Bhutan, and Assam Himalaya.

Although 10 years have passed not much substantial additions
have since been made to the areas concerned, except some minor gains in
western Nepal and western Bhutan, which however do not yet justify the
publication of a new edition of the map. On the other hand, the author
feels particularly grateful that—besides the many communications he re-
ceived in the meantime—there was none so far pointing to a mistake
or major alteration within the frame work of the basic concept. The sum-
maries attached to the original work! included one in English—otherwise
there has been no translation yet into a foreign language. The author
therefore gratefully accepts the opportunity offered to contribute here
a short account of the work, originally published in 1957, hoping that
this more extensive ‘summary’ in English may attract attention of a wider
circle of people interested in the Himalaya and in particular direct
interest into those areas of the mountain world, which are still botanically
little known or unknown. For any further detail and in particular
the reference literature, the author likes to draw attention to the
original work, cited above. It may be added, that the map was originally

prepared on a scale of 1: 1,000,000, subsequently for the purpose
of publication reduced to a scale of 1 : 2,000,000.

For an area, in which so much emphasis lies on the vertical
arrangement and change of the vegetation, it seemed to be of prime
importance to present together with the map a series of cross-sections through
the mountain ranges. In fact because of the very nature of the Hima-
layan region, these cross-sections proved to be the ‘guiding lines’ for
the research contemplated. Topographically the work includes the Tarai
region along the foot of the ranges in the North Indian plains and the southern
fringe of the Tibetan plateau on the north. It follows the so called
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‘Himalayan forests’ to the west into Afghanistan and includes in the
east a portion of the great north-south running river gorges. This
is obvious if one considers the edge of the Central Asian plateau—whether
Himalayan ranges or river gorges in the east—as something which is worth-
while to be looked into under an overall view point occasionally
The framework for the research conducted was therefore naturally wide.
It actually developed with the progress of the work itself and freely trans-
gresses all political boundaries.

It was not earlier than the middle of the 19th century that
scientifically reliable reports on the vegetation of the Himalaya,
mainly by British explorers and scientists, among which Thomas
Thomson for the Western Himalaya (1847-1848) and Sir Joseph Dalton
Hooker, a little later, for the Eastern Himalaya deserve to be quoted.
Amongst the many, who followed, the contribution of one man was out-
standing—by sheer quantity and quality of his observations, derived from
more than four decades of a more or less ‘exploring existence’ in the most
difficult parts of the mountain world concerncd, namely the east from
Bhutan to northern Burma and the Chinese borderlancs. This was Francis
Kingdom Ward. When the Indian Forest Service was established, a new
form of research into the Himalayan vegetation came into being, to which
we owe a multitude of contributions on various aspects of equal interest to
the forester, ecologist and scientist in general. But the work, which
provided the original stimulus for the basic concept of the vegetation map
of the Himalaya was Carl Troll’s map of the vegetation of Nanga
Parbat, published in 1939, shortly before the outbreak of the Second World
War?.

In the original work (1957) there is a detailed regional apprecia-
tion covering the entire area indicated above. A procedure of this
length does not lie within the scope of this contribution. The present author
will, therefore, proceed to discuss in short the various types of vege-
tation, he was able to distinguish during his work, and will continue
later on with some summarising remarks concerning the vegetation of the
Himalaya as a whole.

The various types of vegetation have been conceived on the basis of
thie general character of the vegetation met with, with special reference to
the physiognomic appearance. The regional arrangement of the types
distinguished as easily demonstrated on the map, leads one to the
conclusion that the vegetation types are primarily dependent upon the cli-
mate and in particular upon the rainfall and humidity. This may very well
be so, but as there are also types distinguished mainly upon their floristic
composition and without any climatological basis whatsoever, it seems more
advisable to avoid to deal with ‘climatic’ vegetation types, until further
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data are available. The work done by Champion 1936% and Troll 1939}
—has been basic in this attempt to establish types for the vegetation of the
Himalaya.

SUBTROPICAL SEMI-DESERT

These are steppes of shrubs, mainly of central Asian proven .nce, occur-
ring in a sort of semi-desert, covering the area by some 20-25 per cant
only, leaving much bare ground in between. During summer the shrubs
experience a dormant stage. The type occurs in the dry valleys of the
bigger rivers in the north-west of the Himalayan world, as for instance
in the valleys of the Kabul and Kunar, the Indus and its tributaries Hunza,
Shigar and Shyok. At the foot of Nanga Parbat, the type appears up to
2,000 m. The records of Jalalabad, Gilgit, and Skardu may offer some
climatic substance. Rainfall varies in between 130-160 mm per year,
but there is no rainy season and summer drought tends to be excessive. Strong,
hot winds are prominent. Floristically the following species must be
mentioned : Capparis aphylla, C. spinosa, Peganum harmala, Calotropis
procera, Ephedra prshewalskii, Haplophyllum criffithianum.

There are a number of well-defined habitats as pointed out by Troll
1939, as for instance : rocks, screes, dry river valleys, and the surface
of river terraces ; a highly specialised site is offered by sand dunes distin-
guished by Cymbopogon iwarancusa, Ephedra prshewalskii, Stipa Sp.

Man interferes with this vegetation type mainly in so far as his settle-
ments within the area of the type are by necessity oases and have to rely on
irrigation and an irrigation channel in a (semi-) desert usually in-
fluences its immediate surroundings.

SUBTROPICAL THORN-STEPPE

This type displays all sorts of transitions to the desert proper.
Of particular importance are Acacies, 5—10 m high, usually occurring
in clumps leaving considerable expenses of bare ground in between, in general
woody growth from tree-height down to dwarfed shrubs. After rain
a thin grass cover makes its appearance. The distribution of this type
ranges along the foothills of the Himalaya, where they rise out of the Punjab
plains, and towards east as far as Hoshiarpur and Ambala. The
records of Rawalpindi may help to understand the climatic conditions.
The precipitation amount to 250-270 mm, mainly resulting from the mon-
soon in July and August ; further north there may be some rain
during winter as well. Great variations during the years are experienced,
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Floristically, mention must be made of Acacia modesta, A. ara-
bica, Prosopis spicigera, Capparis aphylla, Zizyphus jujuba. Acacia is
more frequent in the moist parts towards east. The type is particularly
prominent in the area of heavy erosion amongst the foothills. The
local occurrence of salts has a pronounced influence on the composi-

tion of the vegetation, Salsola kali, and Suaeda being characteristic for such
localities.

Man’s influence is cxercised in the cultivation of large areas, wherever
irrigation is possible.

SUBTROPICAL EVERGREEN SCLEROPHYLLOUS FOREST

A comparatively low sort of forest of trees and shrubs, with small
and evergreen leaves, also thorn shrubs—these last ones prominent in the
transition to the semi-desert. During the monsoon, grass and herbs appear.
Regionally, this forest follows further up the slopes of the northwest Hima-
laya, where the semi-desert gives way, and ranges as far as the Sutlej
towards east. It 1is quite prominent in certain river valleys in the

northwest as for instance Jhelum and Chenab. The altitudinal range lies
between 500 and 1,500 m.

Rawalpindi is the station which may serve as a clue to the climatic
conditions. A long, hot, dry season and a cold winter with frost are charac-

teristic ; about 800 mm rainfall is experienced, mostly during July and
August.

In the floristic composition Olea cuspidata, Dodonaea viscosa,
Punica granatum, Adhatoda vasica, Pistacia integerrima, Carissa Spina-
rum, Acacia modesta are widespread.

There is one very conspicuous subtype to be seen seasonally in dry

valleys, the mediterranean ‘torrente’, in which Nerium odorum—Oleander
flourishes.

The influence experienced by men and his animals is pronounced. The
trees are frequently lopped and the forest grazed all over. In Hazara, there
is occassionally Dodonaea viscosa virtually the only survivor being not liked
by the grazing animals.

STEPPE OF ARTEMISIA

Shrubs occur in fair density, 50-70 per cent of the surface are covered ;
conspicuous are Artemisia maritimq, Eurotia ceratoides and Kochia. From
the distance, slopes under this type appear to be sprinkled all over
with the shrubs, locally there is some steppe forest. The type thrives
mainly under dry conditions, but tolerates moisture, once higher up the
slopes. Above 2,700 m on Nangu Parbat, there is a considerable amount

15
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of snow during winter. The vegetation comes into prominence late in
spring (May-June), but in July it may already be too dry. The type
is mdinly distributed in the northwest parts of the Himalaya, where transi-
tion into the alpine steppe is widespread. On the slopes exposed to the
south, the Artemisia steppe penetrates lar into the realm of the moist
coniferous forest, as for instance in the valleys of Kaghan, Kishengaga, and
Indus. The vertical range of the type depends on the exposition of
the slopes ; Troll (1939) observed the type on Nanga Parbat on the
northern aspects upto 3,000 m, but upto 4,200 m on the southern aspects,
where Artemisia steppe merges with the moist alpine belt.

The records of Dras and Chitral stations will suitably indicate climatic
conditions for this type ; precipitation ranges betwgen 400-500 mm and
occurs mainly during winter ; the effect of the monsoon is negligible.

Artemisia maritima, Eurotia ceratoides, Kochia, Daphne oleoides,
Lonicera persica, Sophora, and Berberis deserve special mention.

- A number of subtypes have been described as for instance along water
¢ourses : Salix, Populus—or on shingle banks : Hippophae rhamnoides,

Myricaria germanica.

The influence of man is prominent, especially on the slopes of Nanga
Parbat, where this be't is the region of permanent settlement and also of the
cultivated land ; irrigation channels invariably produce local variations.
Also Artemisia maritima is widespread as a secondary growth on aban-

doned patches.

STEPPE-FOREST

Steppe-forest occurs in various compositions in a transitional belt
between the steppes, predominantly those of Artemisia, and the forest
proper. The steppe-forests are mainly composed of Juniperus sp., Pinus
sp. and Quercus sp. It is significant to note that this transitional belt of
steppe-forests is met with in particular in those parts of the moun-
tain world of the Himalaya, where river valleys cut through the main range,
as for instance Indus, Sutlej, Kali Gandak, Tsangpo and the great river
gorges in the east, also where the forests peter out towards the dry
steppe country, as for instance in Afghanistan (Hindu Kush and elsewhere).
It is tempting to compare the two prominent situations—Indus valley in
the northwest and Tsangpo valley in the southeast. Similarly there are
Juniperus, Pinus, and Quercus prominent, but there are different species
met with in the northwest compared with those in the southeast, about the
latter we do not know much yet. Steppe-forest therefore constitutes the
outer fringe of forest country towards the drier interior of the con-
tinent, i.e. the lower continental tree-line, which, however, may coincide with
the upper tree-line, where both the tree-lines verge towards the interior
of the continent. )
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The steppe-forests are light and open communities. Here and there,
at sheltered places, northern slopes, denser stands may occur. There is
some shrubbery, often aromatic, a thin grass-cover, too, but the soil
surface may also be bare as well for considerable stretches.

Floristically, various species of Juniperus are common, Pinus
gerardiana, P. excelsa, P. sinensis, Quercus ilex (syn. Q. baloot), Q. aff. ilex,
Hippophae rhamnoides, Artemisia maritima, Caragana, Astragalus, and
Rosa webbiana.

There is a considerable difference in the floristic composition of steppe-
forests to the west and to the east of the Himalayan ranges. The
forests of the west are best described by Troll (1939) from the slopes of
Nanga Parbat where they occur from 2,000—3,000 m on northern slopes,
4,000 or even 4,200 m on southern slopes, but the data vary for other parts
of the mountains considerably. Our knowledge about the steppe-forest
in the valleys of the east, beginning with the valley of the Tsangpo, is scanty ;
also much more information about the steppe-forests of Afghanistan
would be of particular interest as befits a forest-type of such an ecolo-
gically interesting position. The records of the stations at Dras, Chitral,
and Kilba in the Sutlej valley may be representative. There are no stations
situated within the boundaries of the steppe-forest of the east, as far as we

know.

There is an interesting interplay between steppe-forest on southern
slopes, and northern slopes already occupied by moist coniferous forest
within the transitional belt on Nanga Parbat.

Man shows great interest in these forests being first of all the only
ones available ; the cones of Pinus gerardiana in the northwest are collected
for human fuel ; the wood of Quercus Ilex is in high esteem for
tool-making. In the river gorges in the east fire is of periodical occurrence.
In the Luhit valley Ward (1949),5—regards the steppe-forest of Pinus
Khasya as a man-made association, not a true climax ; from this valley the
practice of periodical burning is well-known. '

FOREST OF PINUS ROXBURGHII

The forests of Pinus roxburghii are amongst the most conspicuous in
the Himalaya. The species is endemic for the region ; furthermore, the
species practically dominates the type to the exclusion of any other signifi-.
cant associate. The type constitutes a light and open forest, 20-30 m high.
Fires are frequent and of strong influence, so much so that some authors
regard the type as to be a fire climax. There are only a few shrubs in the
undergrowth ; during the monsoon a luxuriant grass cover appears, whereas
dryness dominates the situation during winter. Just before the rainy



116 MOUNTAINS OF INDIA

season, the ground is covered with the long needles (syn. P. longifolia), very
slippery to walk on, especially when on steep slopes. Winter is the season
of fires.

The type is dominated by Pinus roxburghii (syn. P. longifolia). There
are some Quercus incana, Rhododendron arboreum, Pieris ovalifolia, and
others. The type occurs in the outer Himalayan ranges from the northwest
to the Manas in the east. In Sikkim there are only very few localities with
this species, but otherwise Pinus roxburghii ascends far up in the valleys,
as for instance the Sutlej and Ganga, also in Nepal, in the Burhi Gandak
and Trisuli valleys. The altitudinal range is 900-1,800 m. In the inner
valleys the type may occur as high as 2,100 m.

Almora and Ranikhet may be taken as indicator stations ; preci-
pitation amounts to 1,000-1,400 mm. The rainfall during the monsoon is
particularly important. There are some striking differences according
to the topography of the localities : the type is generally found on slopes,
Pinus roxburghii, preferring the dry well-drained sites, ridges, cliffs, whereas
the gullies are filled with Quercus incana, or the monsoon forest to be dis-
cussed later ; on hot, dry cliffs, Euphorbia royleana is common.

The density of settlements within the area of this type explains its
reduction and complete replacement. Furthermore, the wood of the
species is valued for building purposes. Fire is of outstanding importance ;
Pinus roxburghii has much higher fire resisting qualities than all competi-
tors, which may serve as an explanation to the pureness of the stands.
Quercus incana is further handicapped by heavy loppings. On the other
hand, only the clearing of the forest floor by fire, i.e. the periodical burning
of the needles, opens up a chance for regeneration. There is also strong
pressure effected by grazing animals.

FOREST OF CEDRUS DEODARA

Cedrus deodara is another species endemic to the Himalayan region. It
occurs in the northwestern parts of the ranges. But there are reports about
its occurrence as far east as Nepal. The tree is widely distributed in other
forest types as well, though bound to certain site requirements. Here are
dealt with only those forests predominantly composed of Cedrus deodara.
Well-known are the forests of the upper Ganga and the Sutlej. The tree
experiences a complete change in its association within its range from the
monsoon drenched outer Himalaya towards the continental tree-line, which
is occassionally represented by Cedrus deodara. As the species tolerates
long lying snowcover, it is found also in the interior of the mountain world
in special habitats. The further inland, which means ‘“‘mountainwards”,
the more the species tends to constitute pure forests. It displays a
gregarious habit. The individual trees may attain up to 20 m height.
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Generally, there is a shrubby undergrowth : Artemisia maritima
usually present, amongst the trees Pinus excelsa frequently met with, also
Pinus gerardiana in the northwest. According to the wide range of associa-
tion there may be a fair number of deciduous species as well,

Pure forests of Cedrus deodara have been reported from Nuristan,
the valley of the Chenab and Sutlej, the upper regions of the Ganga, also
the Alaknanda (Garhwal) and central Nepal. The pure stands occur between
2,100 and 3,000 m with a strong tendency towards higher localities further
inland.

The climatic records of Kilba and Pu (Sutlej valley) may be repre-
sentative. Precipitation ranges from 250 to 1,000 mm, but the pure
Deodara forest depends mainly on precipitation during winter, areas with
heavy monsoon rain are avoided—indeed, pure Deodara forest are repre-
sented even there, where they are sustained by precipitation during winter
only (upper Sutlej) : the summer may be dry, but the effect of the drought
is balanced by the melting of the snow.

~ Dudgeon-Kenoyer® regards the pure Deodar a forest as an edaphic
climax ; the species occurs as a pioneer on screes, on rocky and steep slopes.
Pure forests prefer southern aspects (upper Ganga), where it faces moist
coniferous forest on the opposite northern aspects.

MIXED DECIDUOUS AND CONIFEROUS FORESTS
OF ASSAM HIMALAYA

These are open light forests with only thin undergrowth. During the
rainy season there is a fine herb cover. If protected from fire, natural rege-
neration is fairly good.

The most prominent representatives are Pinus excelsa. Quercus griffithi-
Q. Incana, further Rhododendron arboreum, Prunus puddum, Photinia
griffithii.  So far the type is described only from the Tenga valley and known
from the Apa Tani region as well. But this is no doubt depending on our
scant knowledge of the Assam Himalaya in general and there is good
reason to expect this particular type in similar localities which are not yet
botanically explored. In altitude the type ranges between 1,600 and 2,800 m
as far as we know today. These seem to have no more than 1,250 mm
precipitation, mainly during May to September, and some snow in Decem-
ber ; fog is frequent, and the valleys represent frost hollows. Compared
with the conditions in the Assam Himalaya in general, these inner valleys

offer relatively dry habitats.

Some interesting local differentiation should be noted : on limestone
outcrops, with only thin soil cover, pure stands of Cupressus torrulosa
occur, The individual trees attain upto 45 m height. In the gullies,
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Alnus nepalensis and Populus ciliata, both upto 35 m height, are
prominent with a dense layer of ferns. Southern aspects display Pinus just
15 m high, whereas at the foot of the slopes it reaches double size. Quercus
on thin soil barely attains 10 m, but, where the soil is deep and moist, 25 m.

In the Tenga valley, shifting cultivation is practised by the Sherduk-
pen, which includes annual use of fire to clear the ground of dry grass.?

MIXED DECIDUOUS CONIFEROUS FOREST
OF SOUTHEASTERN TIBET

This is another type, of which our knowledge so far is very poor,
because the area of its distribution is still an unexplored country. But,
what we know so far, seems to justify to regard these forests as a distinct
type between the dry steppe-forests and the moist coniferous forests. There
are some links with the moist coniferous forests of the inner valleys of
the Eastern Himalaya, and the further we go east, the more prominent
will become species, which do not belong to the Himalayan region sensu
stricto. The following species are important within this type : Picea
likiangensis, P. spinulosa, Larix Griffithiana, Pinus sp., Tsuga dumosa,
Betula, Quercus, Populus, Salix, Acer and Rhododendron.

The type occurs in the upper Tsangpo gorge and has been observed
in similar country in the valleys of its tributaries ; also further east
in the gorges of Salween, Mekong, and Yangtze. The altitudinal range
seems to be 3,000—3,300 m and higher up. Climatically, the country
where the type occurs may be called ‘fairly moist’, with sufficient rain in
summer, but dry and long winters. No climatic records are available,

The observations of F. Kingdon Ward are our chief source of know-
ledge for this type.

TEMPERATE MIXED OAK AND CONIFEROUS FOREST

These are evergreen forests of oaks and conifers. The number of the
dominant species is small. There is a distinct differentiation according to
altitude—resulting in 3 subtypes—and also according to aspect : conifers
avoid southern slopes. The oaks, generally, do not attain great size. There
is always abundant undergrowth of deciduous shrubs, the density depends
on the state of the canopy of the forest and on the pressure exercised by
grazing. The 3 dominant oaks are : Quercus incana, Q. dilatata, Q. seme-
carpifolia—all evergreen with stiff, leathery, serrated leaves, higher up
and farther east the forest tends to become richer. Epiphytes, lichens,
mosses, ferns, orchids etc., are common.

Three distinct subtypes can be distinguished : Quercus incana with
Cedrus deodara : 1,800—2,400 m on southern aspects, on northern aspects
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200—300 m lower ; Quercus dilatata with Abies, Picea, Cedrus : 2,100—
2,400 m ; Q. semecarpifolia with Abies 2,400—3,300 m.

These forests bear, because of their prominent distribution over large
parts of the western Himalaya, great importance for the water supply of
the main rivers and therefore for the agriculture in the north Indian plains.

Lower belt : Q. incana, predominant upto 70 per cent ; this subtype
depends on rain and is not favoured by snow. This explains why it does
not occur round the Kashmir basin. The two prominent associates of the
oak are Rhododendron arboreum (20—30 per cent) and Pieris ovalifvlila
(5—10 per cent) both are not liked by the browsing animals, and man
is not interested in them as well.

Middle belt: Q. dilatata predominant ; this is a narrow belt
only, 2,100—2,400 m., and at its lower levels Q. incana still occupies
the drier localities, whereas the Q. dilatata belt comes into prominence in
the moisture habitats (gullies, ravines). Snowfall is here of annual
occurrence, the snow lies for several weeks. This middle belt dis-
plays the most Juxuriant strata of the mixed forests, Q. dilatata herself being
the mightiest of the three dominant oaks of the type, attaining 20—30 m
height. There are a good number of deciduous species represented in the
canopy, whereas the lower storey is composed of broad-leaved species
(Rhododendron, Lauraceae). Besides the leading oaks mention must
be made of Cedrus deodara, Abies densefiora, Taxus baccata, Carpinus
viminea, Betula alnoides, Acercaesium. Bamboos-Arundinaria falconeri, A.
jaunsarensis, A. falcata, A. spathifitora—occur in dense thickets in wet
localities and grow several metres high.

Upper belt : Q. semecarpifolia is predominant ; on the southern
aspects Quercus, on the northern aspects Abies is leading. The vertical
range is from 2,400—2,700 m. This is typical mountain cloud forest (Nebel-
wald). The summers are short, characterised by the monsoon. During
winter, there is heavy snowfall. Q. semecarpifolia dominates the belt to 75 per
cent. The belt bears a rather monotonous appearance and is described as
rather gloomy. The canopy consists of Q. semecarpifolia more or less
entirely, about 15—25 m high. The undergrowth is less dense, but
there is a lot of dark green and brown moss' swaying from the branches.
At its lower levels stil a mixed oak and coniferous forest, the belt
is dominated by Abies higher up. There is no under-storey of trees, but we
find dense and luxuriant thickets of ringal-bamboo (Arundinaria spathifiora)
highly characteristic for the forest in these altitudes. The abies forest often

heralds the transition into the subalpine belt.

These temperate mixed oak and coniferous forests have their western-
most outpost on the hills above Murree ; from there they stretch to
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the east, prominent on the outer slopes of Pir Panjal, but they do not occur
on the slopes round the Kashmir basin. These forests, indeed, are typical
for the outer Himalayan ranges. The western central Himalaya shows
this type at its best ; we expect this type in west Nepal as well, but the transi-
tion to the more eastern influenced types becomes gradually apparent.

The records of Murree, Simla, and Chakrata stations may indicate the
climatic conditions to a certain degree, but the stations are all situated lower
down, being therefore representative for the type only upto a certain
point. Precipitation is within the range of 1,400—2,000 mm, of which
70—80 per cent are experienced within the monsoon period ; fogs are also
froquent during this time ; in higher altitudes snow falls during several
months. Topography exercises its influence : southern aspects are favoured
by the oaks, northern aspects by the conifers ; likewise crests and ridges
by the oaks, depressions by the conifers ; on especially warm and dry
localities we find Quercus incana and grass underneath.

The influence of man and his animals is strong. As far as the lower
belt of Q. incana is concerned, this being the altitude favourable for settle-
ments and cultivation, the forest is reduced to a large extent. Further-
more, the lower levels suffer from frequent fires ranging up out of
the Pinus roxburghii belt. Lopping for fodder is common practice with
Quercus incana and Q. dilatata, which is supposed to supply the best
fodder. Q. incana displays all stages of degradation, unlopped and un-
grazed areas are indeed a rare sight within the lower levels. As a result
of intensive grazing and lopping a curious vegetation of grass with only one
tree species :—Rhododendron arboreum is left, this being of no interest
to the animals and this of very little use for firewood. At higher altitudes,
the type suffers from shifting cultivation in certain areas and the establish-
ment of temporary (summer) camps, causing further destruction.

This type is of such outstanding practical importance for forestry and

river management that it has been well studied, especially by the Indian
Forest Service.

WESTERN HIMALAYAN CONIFEROUS FOREST

The moist coniferous forests of the inner western Himalaya are domi-
nated by Avies webbiana, Picea morinda, Pinus excelsa, Cedrus deodara. To
a varying extent there is an admixture of deciduous and broad-leaved trees.
Around the Kashmir basin, deciduous trees are still important association ;
in the area of Nanga Parbat their presence is negligible, but the number of
conifer species is also decreasing from south to north. The general
trend is towards light Pinus excelsa forests, until finally, in the Hunza valley

(Karakoram), only Juniperus sp. remain as the sole component of a
rather poor moist coniferous forest.
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In these western Himalayan coniferous forests we find frequently
meadows alive with flowers, usually a result of grazing. At the upper
fringe the type gradually gives way to the subalpine birch belt, which locally
descends far down into the coniferous belt, wherever there are avalanche
paths. Besides the leading species already mentioned there must be
quoted : Acer caesium, Ulmus wallichiana, Juglans regia, Celtis australis,
Carpinus viminea, Cory us colurna ; ferns are rare and mosses and lichens
decrease further into the mountains.

This type is best developed round the Kashmir basin ; towards
northwest, it represents a sort of high altitude forest-belt above the
steppe-belt : as far as Nuristan on the southern slopes of the Hindu
Kush ; similarly the type extends towards north as a forest-belt above the
Artemisia steppe ; towards east, the type finds itself confined to the
inner valleys of the high massifs of the main range, until we notice further
east the transition into what we call ‘Eastern Himalayan temperate

coniferous forest.” In altitude, the type ranges in Nuristan from 2,000
to 3,500 m, on Nanga Parbat 3,000 to 3,600 m.

The records of Gurais and Sonamarg station seem to represent the
condition for the type fairly well ; precipitation is about 1,000—1,800 mm,
mainly during winter ; snow lies for several weeks. It seems, that the tran-
sition towards the ‘temperate mixed oak and coniferous forest’” must have
something to do with the changing proportion of the precipitation during

summer and/or winter ; higher humidity seem to favour Abies (northern
aspects).

There are a number of important local variations, as for instance,
avalanche paths, which offer conditions suitable for Betula utilis far down
within the conifer belt ; or the differentiation exercised by northern and
southern aspects in as much as northern aspects are favoured by deciduous
trees, whereas round Nanga Parbat southern aspects may be bare of any
forest whatsoever, and the northern aspects carrying forest only, here of
conifers ; there is also a differentiation according to the species : southern
aspect Pinus ; northern aspect Abies.

The outposts of this type appear as another sort of steppe-forest,
composed of Pinus excelsa and Juniperus in light open stands and a ground
cover of Stipa (Kali Gandak valley, Manangbhot).

Settlements in the coniferous belt are temporarily only, but there may be
some cultivation in the clearings, and with the demand for fire-wood, grazing
etc. even the temporary settlement initiates wholesale destruction of the
forest. Nitrophilous vegetation is characteristic near the camping sites with
Rumex, Urtica parvifiora etc. On abandoned fields, Pinus excelsa and
Cedrus deodara appear as pioneers.
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TROPICAL DECIDUOUS FOREST

Shorea robusta is the most important species ol the type, a gre-
garious species which occurs in practically pure stands from 32°N,
76°E to 93°E in a belt of varying breadth along the foot of the moun-
tains. There is a gradual transition from west to east, from dry to moist
ahd wet ‘sal’. It is convenient to distinguish the tropical deciduous forests
in ‘sal’ forest and ‘others’. The dominance of ‘sal’ is accentuated by man,
i.e., by fire and grazing, which do not prevent the regeneration of ‘sal’
at all. The young plants quickly develop large leaves which obstruct any
competition by more light demanding young plants. Scientific forest
management has focussed largely on the development of ‘sal’ in India.

‘Sal’ forest is a typical high forest. The trees attain upto 25 m., occa-
sionally upto 35 m. The trees shed their leaves with the beginning of
the dry season, a procedure which is performed in the east within 5 to 15
days, but takes 2 months in the west (February to April). '

Within the ‘sal’ belt there are savannah-like patches interspersed. The
grass cover of the ground becomes more important towards the drier country
in the west. This may be in connection with the longer period—2 months—
without protection by leaves during which the direct influence of the sun
¢an be exercised. There is also a sequence from south to north within
the ‘sal’ belt : Tarai sal, Bhabar sal, Hill sal. In the valleys, the ‘sal’ forest
penetfates far into the mountains. ’

. Floristically, besides Shorea robusta, the following species are im-
portant : Dalbergia sissoo, Bombax malabaricum, Terminalia tormentosa,
Anpgeissus latifolia, Lagerstroemia parviflora.

_ As mentioned above, this type is characteristic along the foot of the
hills save the dry northwest and the wet east ; dry and moist sal range from
Kangra Beas towards (Gorakhpur), where the wet sal sets in, and
into the mountains upto 900—1,000 m or in the case of dry sal 1,500 m. The
upper limit is the lower limit of snowfall. The climatic data of Dehra Dun
are representative for the type. Precipitation is in the environment of 1,000
to 2,000 mm, distributed over a rainy season in summer and a dry winter.
The far northwest with 7 months below 1,500 mm is too dry for sal ; the
east (Assam) with less than 4 months of a dry season is too wet.

Topography and soils exercise some influence : Shorea robusta is at
its best at the high level plateaus, whereas on the alluvial soils in between
Dalbergia sissoo (always a pioneer) together with Acacia catechu ; in wet

localities, swamps (Tarai) the forest is predominantly evergreen with
Eugenia jambolana, Albizzia procera, Cedrela toona.
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Also aspect is of some influence : in the duns, northern aspects display
a tendency towards pure ‘sal’ forest, southern aspects towards mixed forest.

The impact of man is strong. The area of ‘sal’ forest is one of dense
settlement. And in winter there is the additional influx of pcople coming
down from the hills exercising additional pressure on natural resources.
The tarai is well-known for providing suitable grazing for cattle from the
plains and from the hills after the rains. Also in the valleys within the hills,
there is very heavy pressure by cultivation and settlement to destroy this
forest belt entirely—and it is only at the edges of the cultivated terraces
that we may find the last remains of the original forest cover. The ‘sal’ forest
in Nepal, being in many parts still virgin forest, presents a striking
contrast to the well-known and, in general, well managed ‘sal' forest
within the boundaries of the Indian Union.

TROPICAL DECIDUOUS FOREST

The transition form the moist parts of the former type is very gradual
indeed ; Shorea robusta remains the most prominent species, the under-
growth is becoming denser ; Shorea robusta attains upto 20—30 m
height. Towards east, the leaveless period is gradually reduced ; but
the higher density of the undergrowth, the competition by the ever-
green species reduce the chances of regeneration of Shorea robusta to a
point, where the dominance of ‘sal’ can only be achieved by forest manage-
ment.

Besides Shorea robusta, floristically are important Terminalia bele-
rica, Lagerstramia parviflora, Cedrela toona, Dalbergia sissoo.

Taking into consideration the difficulties just outlined, the area of
distribution may be defined as from the foothills of central Nepal towards
east into western Assam. North of Charduar, there are still pure ‘sal’ forests,
but BOR (1938) regarded them as outliers. This type ascends in the valleys
as high up as 1,500 m, but presents difficulties of a proper delimitation to
the tropical evergreen lower montane forest.

The records of Jalpaiguri station may provide some clues : precipita-
tion is 2,000 mm at the minimum, near 4,000 m we observe the tran-
sition towards the evergreen rain forest, but for ‘sal’ a clearly defined
dry season is a necessity : Shorea robusta thrives even under heavy precipita-
tion as long as there is a dry season, but the species does not thrive
under moderate precipitation all the year round without a dry season.
Topography is of importance in so far as the higher the rainfall, the
more important is drainage. The impact of man leads to (secondary) savan-
nahs, but man exercises deliberate influence to propagate the domi-
nance of Shorea robusta and therefore more or less pure forests in
checking its associates by periodical burning.
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TROPICAL EVERGREEN RAIN FOREST

Evergreen trees, also deciduous, huge dipterocarps high above the other
components, single or in clumps, these are some characteristics of the type.
The numbe: of species is very high indeed in a complete mixture, only a few
represent something in the order of an association. There are palms
and climbers, and epiphytes in great numbers. The undergrowth is ever-
green and dense, denser in the plains, less so on the slopes. The
ground cover consists of evergreen shrubs. There are few herbs, practically
no grass. The evergreen dipterocarps—Dipterocarpacure, Meliacea, Ana-
cardiaceae, Lauraceae, Mugnoliaceae are conspicuous ; the dominant
trees reach 30 m height. In the hills, grass does not even appear in clear-
ings, herbs come first, shrubs soon after, but very soon there are the trees
again to bring back the evergreen rain forest, the unavoidable climax ; only
where there are steep slopes there may be dense clumps of Dendro-
calamus. There is no distinct dry season. To classify this type as
‘tropical’ rain forest is open to discussion, inspite of a close rela-
tionship to the true equatorial rain forest of Malaya ; for floristical
reasons, however, a distinction towards the tropical evergreen lower
montane forest has to be made. A few chief components may be mentioned :
Dipterocarpus pillosus, D. alatus, Shorea assamica, Altingia excelsa, Mesua
ferrea, Michelia champaca, Terminalia ; ferns are abundant ; where

there is no closed canopy. Selaginella is often the only ground cover ; there
are many Hymenophyllaceae.

The area covered by this type ranges from the Manas towards, the
transition to the montane forest is difficult to define : above Diwangiri
1,200 m is given, for the Aka hills 1,000 m.

The records of Dibrugarh station may be taken as representative for this
type. Precipitation at this station is recorded as about 3,000 mm, the total

for the type may be less high, but then there must be an even distribution
throughout the year provided for.

There are a number of local edaphic and topographical variations, as
for instance the ‘khadar’, an inundated, flooded area, where the trees are
often uprooted by the floods with Terminalia myriocarpa, Bombax mala-
baricum, or Terminalia myriocarpa in pure stands on gravel and shingle—
the daily slips and repeated inundations offer excellent conditions for this
particular species ; on sandstones : Quercus and Castanopsis appear ;

on very steep slopes: bamboos ; on porous soils : Nesua ferrea in
200—800 m to mention only a few examples.

The savannah-like tracts in the plains are the result of the destruction
of the forest by frequent changes of river courses and human interference
(fire and animals ) : only regular burning keeps those areas under grass ;
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cultivation of rice and the propagation of the tea garden in Assam
have added to the replacement of the forest. Within the hills, shifting cul-
tivation is practised upto 1,200 m and often bamboo thickets as secondary
growth are the results, however temporary.

TROPICAL EVERGREEN LOWER MONTANE FOREST

This type is a true montane forest, the dominant species mainly ever-
green, but there are also some deciduous ; a highly mixed forest, but dis-
tinctly different from the tropical rain forest below. Under favourable
conditions, the forest attains upto 50 m height, generally between 20-30 m.
The canopy normally is much less closed, compared with the tropical
rain forest, the outstandingly high trees usually do not appear next to each
other. There is a well developed middle storey and also undergrowth
of shrubs. Occasionally, there are thickets of bamboos, climbers and
numerous epiphytes, including orchids and shrubs. Tree-ferns are well
represented. The dominance of Quercus and Casranopsis is a striking
characteristic conifers—Podocarpus—are only locally met with. The
transition towards this montane forest is always indicated, where Casta-
nopsis appears above Shorea robusta.

Amongst the floristic composition the following deserve mention :
Quercus, Castanopsis indica, C. tribuloides, Schima wallichi, Beilschmidia
roxburghiana, Engelhardtia spicata, Betula cylindrostachys, Alnus nepalensis,
Aesculus assamicus, Rhododendron arboreum, Lithocarpus, Machilus edulis,
Pieris ovalifolia. The type has been observed from central Nepal to
the east, it penetrates far up into the valleys like the Dihang. Tsangpo
gorge, but differs somewhat in its altitudinal range : Nepal 1,200—
1,900 m, Sikkim 1,000—1,800 m, Aka hills 1,200—2,000 m The
climatic records of Kurseong are surely well representative to explain the
climatic conditions of this type ; precipitation amounts to from 1,500—
5,000 mm ; there is no distinct dry season ; during winter there is frequently
heavy dew instead of rain (November to April 50 mm.), there are dense
fogs in winter as well. Humidity is always high and temperatures even.
Owing to the almost everywhere steep slopes the montane forest covers,
there is everywhere good drainage. Along the water courses Alnus nepa-
lensis is typical, on steep crests Pandanus furcatus prominent.

The impact of man is conspicuous in so far, as within the range of
this type are tea and cinchona plantations ; highly locally also the
cultivation of potatoes is important. On abandoned sites, a secondary
growth of Maesa chisia, Rhus semialata, Alnus nepalensis, Pteridium
acquilinum, Sohima wallichii is wide-spread.

TROPICAL, EVERGREEN UPPER MONTANE FOREST

A dense evergreen forest, upto 30 m high, usually with closed canopy ;
branches and trunks are thickly wrapped into moss, an astonishing
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number of epiphytes find suitable living conditions here, the swaying
mosses and lichen garlands., together with the ever present veils of
mist and fog (Nebelwald) land to these forest, a rather eerie appearance
[( ‘amongst the darkest and gloomiest in India" Champion 1936))
There is a small number of deciduous trees as well. Usually the stands
are mixed, but there is always a strong tendency to the prominence of a
few : Quercus and Lauraceae from 1,800—2,100 m high up almost
pure stands of Rhododendron in between 2,500—2,800 m. A great sight are
the magnolias, when in blossom, though numerically they are of minor
importance. Engelhardtia, Schima, and Castanopsis are the links with
the lower montane forest ; Rhododendron. Prunus, Acer those with the conife-
rous belt above. Evergreen undergrowth istypical, at least where the
canopy is less dense. At the higher levels, dense bamboo thickets
occur. Filmy ferns are abundant, and also unfortunately, leeches ever
present.

Amongst Quercus must be mentioned : Q. pachyphylla, Q. lamel-
losa, Q. lineata, Q. <picata, Q. fenestrata, Q. semiserrata, Q. semecar-
pifolia, Q. dilatata, Q. acutissima, Q. glauca, further on Magnolia ros-
trata, M. nitida, M. campbelli, Manglietina, Michelia cathcartii, Acer sp.,
Rhododendron arboreum, Tsuga dumosa, Pinus excelsa, Taxus baccaia,
Podocarpus neriifolia, Pieris ovalifolia ; amongst the epiphytes : Vacci-
nium venulosum, Hydrangea altissima. The type can be identified clearly
on the southern slopes of the Annapurna and ranges from there towards
east, well represented in northern Burma ; in the Tsangpo gorge, it occurs
also north of the main range, likewise in the vicinity of Kyerong and the upper
Arun. The altitudinal range is 1,80—3,000 m. But in the east Assam
and Burma, the type can be distinguished already at lower altitudes.

The climatic records of Darjeeling are representative ; there is preci-
pitation all the year round, heavy during the monsoon (July), com-
paratively less in November to March (heavy dew) ; the overall preci-
pitation may be as high as 5,000 mm. Humidity is high all the year round
and dense fog characteristic, consequently there is not much of direct
sunshine. The lower limit of this type is the level down to which frost
occurs, the upper limit the level, where on the southern aspects snow begins
to lie for longer periods.

Bor (1938) : ‘The soil rock makes no difference to the climax vege-
tation in view of the very high rainfall’, may suitably be quoted here. On
slips, Alnus nepalensis appears as a pioneer ; open steep ridges are
frequented by Rhododendron and bamboo thickets.

Tea and cinchona plantations and the cultivation of potatoes are still
met with at the lower levels of this type, but here also shifting culti-
vation exercises some destructive influence. Clearings and fire help to the
expansion of bamboo thickets (Arundinaria, Dendrocalamus). ‘
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A dense evergreen forest which at its lower levels has still a large com-
ponent of broad-leaved trees ; at about 2,500-3,000m Tsuga dumosa
chiefly represents the conifers ; from 300 m upwards it is Abies, which
quickly attains dominance at the higher levels. Rhododendron is ever
present in the undergrowth : lower down as a tree, 12—18 m high, with
rather larger leaves, higher up with smaller species, gradually merging
into the belt of subalpine forest. Dense undergrowth of bamboo and ever-
green shrubs are widespread and epiphytes—mosses, lichens etc. are well
represented.

The forests at higher levels are disrupted by screes and avalanche paths.
Fog occurs frequently (Nebelwald !).

Floristically the following conifers are important : Abies dense
flora, Tsuga dumosa, Pinus excelsa, Picea complanata, P. morinda, Larix
griffithiana, Taxus baccata, Juniperus recurva; amongst the broad-leaved
trees : Quercus pachyphylla, Q. lineata, Magnolia campbelli, Acer camp-
belli, Prunus nepalensis, Rhododendron barbatum, Rh. falconeri, Betula
utilis, Sorbus foliolosa, Pieris ovalifolia ; amongst the epiphytes there
are most conspicuous Rhododendron, mosses, lichens ; Rhododendron
trees themselves are free from epiphytes as they shed their bark. Bamboos
(Arundinaria sp.) are everywhere present, so are ferns. The distribu-
tion of the type ranges from the southern slope of the Chakhure Lekh
(West Nepal) towards east, the type is well represented in the Tsangpo gorge,
Zayul, and northern Burma too : the altitudinal limits are 2,800—3,600/
4,000 m.

Climatically, high precipitation—upto 3,500 mm seems to be a fair
estimate—is of basic importance, the seasonal distribution may be
indicated by the records of Darjeeling station. Monsoonal precipitation
starts early and lasts long. The winter is comparatively ‘dry’, snow-falls
occur from November/December until March, but there is less snow
experienced here than in similar altitudes in the western Himalaya.
Humidity is always high, and fogs are dense and frequent ; temperature
data relevant to the type do not exist—it is, however, clear, that they will be
moderate to low.

On poor soils and steep slopes Pinus excelsa is frequent (central Nepal,
Tsangpo gorge, north Burma ) ; along water courses : Taxus baccata ;
on crests and ridges : thickets of bamboos and Rhododendron.

The impact of man is feasible only within the lower levels of the type,
where there may be still shifting cultivation practised.

EASTERN HIMALAYAN TEMPERATE CONIFEROUS FOREST

A mixed coniferous forest, of which the occurrence of Larix, Picea
and Tsuga is characteristic. There isa varying amount of Pinus, Abies,
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and Juniperus too. Tree-Rhododendron constitute the undergrowth.
In many ways, this type is a counter-part to the western Himalayan coni-

ferous forest. There are also some floristic relations to the mixed deciduous
and coniferous forests of the southeast Tibet.

The prominent species are Larix griffithiana, Picea spinulose, Tsuga
brunoniana, Pinus excelsa, Abies densa, Juniperus ; furthermore, there are
Rhododendron, Acer, Pyrus, Betula, Alnus, Corylus, Gaultheria, Rosa, Ribes.

The type occurs in the inner valleys of the eastern Himalaya, the western-
most outposts seems to be in the upper reaches of the Burhi Gandak
system. The type is well represented in upper Sikkim, Chumbi, Bhutan,
Monyul. The altitudinal range is from 2,700/3,000 m upwards ; in the
Shiar Khola valley Larix griffithiana constitutes the timber-line in 3,800 m,

The climatic situation cannot be based on records it will be summed up
fairly correctly as ‘moist’. There are striking contiasts according to aspect,
for instance in upper Sikkim, where southern aspects are practically
of devoid of forest. Larix griffithina is frequently met with on moraines.

SUB-ALPINE FOREST : BETULA UTILIS

There are two types of subalpine forest : the one dominated by Betula
utilis is the ‘western facies’—a dense growth of small, also dwarfed
trees or shrubs with bent branches, here and there clumps of conifers, raising
above the birch ; the conifers are predominantly Abies, which display
condensed growth habits. Betula utilis is usually bent at its base by
the pressure of snow. There is some undergrowth ferns and alpins herbs,
The conifers are rarely higher than 20 m, the birches and other broad leaved
trees 6—10 m. Within the confines of avalanche paths this belt descends far
down into the conifer belt mentioned above. Higher up there is an easy
transition into alpine scrub.

Three components are of importance : the birches which consti-
tute the main body of the type. Rhododendron sp. being the undergrowth
and locally, Abies raising above the mass of the forest proper. Vegetation
season is June to September. The foristic components are Betula
utilis, Abies Webbiana, Juniperus recurva, Pinus excelsa (locally), Rhodo-
dendron barbatum, Salix.

The type occurs as the upper belt of forest growth on the outer Hima-
laya as well as in the inner Himalaya everywhere it represents at its upper-
most level the tree-line ( Nanga Parbat 3,900 m, locally 4,150 m,
Langtang, central Nepal 4,200 m ). Climatically, this type is less depen-
dent on the monsoon much more so on the melting of snow. During
the short season in these altitudes, it thrives therefore also where the
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- annual precipitation is low, 250 mm is about the smallest amount indi-

~ cated, but there are no relevant climatic records. The winter is cold at these
altitudes. Avalanches frequently occur ; the birches display a high degree
of adaptation to it, but the air currents connected with the avalunches,
are harmful to tree growth. With increasing winter precipitation, i.c., snow,
the belt does not range as high up as elsewhere.

Betula utilis is also a pioneer species. A distinct influence of
aspect is noticeable northern aspects favoured by Betula utilis, southern
aspects by Juniperus.

The impact of man and his animals is pronounced as this type borders
at the alpine meadows ; the bark of the birch is used for roofing of
temporary sheds and also for the packing of butter.

SUBALPINE FOREST : RHODODENDRON SP.

A dense low evergreen forest of small, often dwarfed trees, practically
Rhododendron only, here and there some Betula, virtually impenetrable,
especially if one is on the way up, as due to the pressure of snow, trees and
branches are pressed down. The trunks are smooth and short. Besides
mosses, ferns, and some herbs, it is Rhododendron in all sizes and shapes,
from trees to low scrub which constitutes this type. In 3,600—3,800 m
the type represents the tree-line.

Betula utilis, Pyrus, Salix, Juniperus and occasionally, Abies dense
flora, Larix griffithiana deserve note.

The type ranges from the Shiar Khola valley towards east ; Rho-
dodendron gradually replaces the birch, until it dominates the type com-
pletely. It is best developed in the wetter areas (Assam Himalaya).

The climate is characterised by heavy precipitation with a high percent-
age in the form of snow. No relevant records are available. The soil is
wet and peaty.

The impact of man derives from man’s activities on the alpine meadows
higher up which are frequented during summer,

" MOIST ALPINE SCRUB AND MEADOWS

This type comprises all the ‘wet’ and ‘moist’ alpine vegetation above
the tree-line towards the upper limit of the vegetation. There is a gradual
" transition into the alpine steppe representing the dry alpine vegetation

in the northwest, where the dry type seems to be more prominent and the
" moist type and exception bound to the vicinity of the glaciers, whereas in the
- southeast the wet type penetrates into the interior of the continent on the
- Tibetan plateau.
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It may be stated generally that the similarities within the alpine hel
from west to east all along the Himalayan ranges are greater than in any
other type, perhaps, because the climatic contrasts within the alpine
belt are less pronounced from west to east. On the other hand, from south
to north the wet alpine vegetation is quickly replaced by alpine steppe.
Scrub and meadows have to be distinguished ; the extreme outpost of plant
life can be summed up as ‘high alpine belt’ proper. Scrub and meadows
are intrinsically inter-woven, they often change with aspect, northern aspect :
scrub ; southern aspect : meadow.

Scrub : low evergreen shrubs, }tol m high, single or in carpets
lie over large patches of alpine country. Juniperus is widely distributed,
but in the wetter parts in the east completely dominated by Rhododendron.
Juniperus prefers sunny sites, steep and rocky slopes and is everywhere
present towards the drier areas, on Nanga Parbat as high as 4,250 m. Ro-
dodendron is ever present in the alpine belt in the Himalaya, especially
in the east ; its dominance decreases from east to west, until in northeast
Afghanistan there is only Rh. campanulatum occurring. The wettest
parts of the Himalaya display the greatest variety of Rhododendron.
In central Nepal, where there seems to be a certain balance struck between
Juniperus and Rhododendron, it is integesting to find the two genera
separated according to aspect, Jumiperus on southern slopes, Rho-
dodendron on northern both are common between 3,900 and 4,200 m.
Salix : S. hastata on Nanga Parbat (Troll, 1939) attains 20—30 cm
height and occurs as undergrowth under birch forest, also in the avalanche
paths.

Besides enthusiastic praise with regard to the colourful display of
flowers, there is so far not much detailed ecological work done on the alpine
meadows of the Himalaya. Grasses are a major constituent of the
alpine meadows. Amongst the herbs are a good number of very well-
known genera represented : Gentiana, Primula, Iris, Saxifraga, Andro-
sace Pedicularis, Aconitum, Delphinium, Anemone, Ranunculus, Poten-
filla, Pulsatilla, Meconopsis, Corydalis, Allium, Myosotis, Aster, Leontos
podium, Thymus, Geranium, Viola, Senecio, Rheum, Campanula, Fritil-
laria, Epilobium.

In the broad sense as understood in this context the moist/wet alpine
belt ranges from the far northwest to the east. Within this frame work there
is, of course, a change within the floristic composition. In the dry
northwest, there is a larger admixture of species of alpine steppe. From
Kashmir towards east, we can distinguish on the southern slopes of the
main range clearly between a scrub belt and the alpine meadows as well as
the alpine steppe north of the main range. The limits of the alpine,
vegetation vary ; it begins above the tree-line, i.e., in between 3,500—
3,900 m and ranges as far up as 4,500—4,900 m above this there may even-
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be a high alpine belt discernible. There exists no moss or lichen belt in the
Himalaya, but phanerogamic plants may occur high above the snow line
(Nanga Parbat, Mt. Everest). There are no climatic records available.

Exposition often is an obstacle to a clear definition of the belt. Southern
and northern aspects present striking contrasts ; on Nanga Parbat southern
aspects carry Artemisia maritima and Juniperus. The wet alpine country as
prominent in the eastern Himalaya favours Primula and Pedicularis. Snow
beds offer distinct habitats and are well distinguished by certain species :
Primula nivalis, Carex nivalis, Oxyria digyna, Sibbaldia cuneata.

On Nanga Parbat (Troll, 1939), the unbroken vegetation cover does
not reach higher up than 4,500 m above this only a few high alpine plants
occur on special sites.

The impact of man and his animals is profound. The alpine country
is an area of intense seasonal activity. The transport of goods
across the passes by means of large flocks of sheep and goats is well-
known and has influenced the alpine country along the paths. Some species
are much sought after and collected for various purposes. But on a much
larger scale are the striking concentrations of a few species over large expanses
of the wet alpine country as observed by Ward8in the Assam Hima-
laya, these meadows of Primula Dickieana owe their existence to the selec-
tive grazing of animals, especially the yaks, concentrated up here during the
summer in large numbers, also clearings made in the Assam Himalaya to
extend the grazing country quickly turn to a cover of Primula as resulting
waterlogged conditions of the soil, are not easily tolerated by other species.
Many other examples are known indicating that the wet alpine belt

with its great variety of species represents a particular interesting field
for ecological studies.

ALPINE STEPPE

This is the vegetation type of the Tibetan plateau. It is often difficult
to state exactly, where this type sets in. There are all sorts of tran-
sitions from the wet alpine type and also out of the Artemisia steppe. The
chief characteristic of the alpine steppe is the mixture of the com-
ponents of the alpine zone and of the steppe often xerophytic : thin grass
cover, thorny shrubs, succulents, cushion and rosette plants ; on the wind-
swept, exposed plateaus, cushion and tussock plants are widespread. But
there are also wide expanses of bare ground in between. With a general
rising of the vegetation limits towards the interior of the continent, there is
starting from such strikingly different conditions as can be found in the
gorges of the Indus in the northwest and the Tsangpo in the east a
very noticeable trend towards a highly uniform type of vegetation as exempli-
fied on the Tibetan Changstang.
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The period of vegetation is short, June to September. The vegetation
is exposed to severe, indeed extreme condition. The dryness of the air,
and the duration of the winter seem to be limiting the period available for
the vegetation. There is an important contrast in the landscape : the valleys
may be able to produce a close vegetation cover, the slopes above are more
often desert-like.

Floristically, the following species and genera are of importance : Cara-
gana pygmaea, C. tibetica, Artemisia maritima, Astragalus, Eurotia cera-
toides, Oxytropis, Juniperus, Rosa, Cotoneaster microphylla, Lonicera
microphylla, Ribes orientale, Sophora, moorcroftiana, Berberis, Ephedra,
Thymus serpyllum, Polygorum affine, Tanacetum, Rhododendron, Potentilla,
Ran wunculus, Rheum, Daphne, Buddleia tsetangensis, Meconopsis, Epilo-
bium, Arenaria, Gentiana, Kochia, Salsola kali, Atriplex, Chenopodium,
Saussurea, Stipa, Juncus, Scirpus, Festuca, Hippophae, Myricaria, Salix,
Elaeagnus, Betula, Populus.

The alpine steppe is the vegetation of the Tibetan plateau. Locally
the type occurs in the inner valleys of the main range, preferably, on
the southern aspects. The records of Leh, Lhasa, and Pu (Sutlej) may
help to gain an idea about the climatic conditions of this type. Precipitation
during winter comes more from the west, during the summer more from the
east, but the three stations mentioned are peripherally situated, when
viewed from the plateau proper. There are tremendous differences in tem-
perature between day and night, summer and winter. Wind is almost con-
stant, of particular importance are the winds of local occurrence. Along
water courses, also along artificial water courses, i.e., irrigation channels,
there is a luxuriant vegetation and only here trees are found : Myri-
caria germanica, Hippophae rhamnoides, Tamarix, Elaeagnus, Populus,
Ulmus, Betula, Salix babylonica—in striking contrast to the open land-
scape round about. On salt bearing soils, halophytic plants are pro-
minent : Triglochin maritima, Glaux maritima, Salsola kali, Statice, Cheno-
podium. Sand dunes as met within the valley of the Tsangpo offer another
special habitat.

Perhaps because the vegetation is so scanty, the impact of man
and his animals in all the more conspicuous.” The settlements represent
cases with irrigation. The irrigation channels are in contrast to the country
round about. Some of the highest altitudes for such cases:seem to be Pede
4,520 m and Tuna 4,540 m.

In conclusion after so much detail, it is perhaps worthwhile to con-
centrate again on the Himalayan world in the whole as a stage of dis-
play for the vegetation.

A glance on the vegetation map immediately shows the ‘colourful’
southern slopes of the main range as against the grand uniformity to the
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north of it. This striking contrast first of all underline the effect of
the relief. The main range of the Himalaya is an effective barrier between
the moist and wet southern slopes and the dry plateau to the north,
but only in its central part, i.e., from Kashmir to Bhutan (75°—93°E). Within
this central portion the passes connect, indeed, two different worlds. But
in the northwest and in the southeast, we recognise different condi-
tions : in the northwest, the colours of the dry vegetation types mingle, it is
obvious—inspite of our restricted knowledge—that the mountains here rise
out of the great dry zone connecting near and Middle East with central
Asia, but higher up the slopes the mountain ranges carry forest : the moist
coniferous forest of the western Himalaya ; however, where conditions are
no longer suitable for forest growth, the vertical arrangement of the vege-
tation displays dry types only.

Also the southeast is prominent in showing contrasts to the rule but
if we may say so in quite the opposite direction, east of 93°E, the main range
does no longer serve as an effective barrier, far from that at certain passes
across the Assam Himalaya, it does not even carry the timber-line, i.c.,
forests on the south and on the north slopes of the main range are vir-
tually connected across certain passes of the Assam Himalaya, most
prominent, the big gap, which the Tsangpo has cut through the main range,
opens up the mountain world in this southeast part of the influences from
the south, which as indicated by the moist and wet vegetation types
penetrate out of the Tsangpo gorge high up towards the Tibetan pla-
teau.

The barrier effect of the central part of the mountain ranges,
the variation in the southeast, all this is easily recognisable on the vegetation
map and this means first of all in the distribution of precipitation and humi-
dity which means the influence of the monsoon. The monsoon on its way
from the Bay of Bengal, hits the mountains in Sikkim and then turns
to west and east. In the east, the air masses can not easily find an
outlet, closed in by the Assam hills until they find their way up the Tsangpo
gorge, penetrating into the continent. The branch towards west follows
along the southern slopes of the mountains, gradually losing its force.
The horizontal zonation of the vegetation along the foot of the hills
from east to west reflects the conditions clearly, from tropical rain forest
in Assam to subtropical thorn-steppe in the Punjab and subtropical semi-
desert in the major valleys of the narthwest. Wherever we leave the plains
and ascend up the hills, we find that a typical vertical sequence of vegeta-
tion can be observed and we find that everywhere to the zonation in the
plains a specific vertical sequence belongs. If we follow up all the
available evidence closely, we discover that there is a belt of highest
precipitation and humidity ranging from about 2,000 m in the east, a bit
higher up towards west, that this particular belt is represented by a broad
leaved facies in the east, further to the west by mixed oak and coniferous
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forest, until it is represented in the west by the western Himalayan
conifer forest. This belt clea/ly rises in altitude towards the dry country
in the northwest and in doing so, it appears in the northwest as a
moist vegetation (forest) belt high above the dry vegetation types. This
peculiar phenomenon can only be explained as an influence effected by the
mountains on the whole. It is worthy of note that in contrast to the zona-
tion along the foot of the mountains, this belt of highest precipita-
tion and humidity shows a tendency towards greater uniformity from
east to west, and the higher we climb, the more marked this tendency
becomes.

The changes occurring from south to north within the mountain
world of the Himalaya are depending on the force of the moisture
carrying winds and in connection with this, on altitude, the arrangement of
the various ranges, and of course, on the direction of the valleys, whether
they provide easy access. In the northwest where the mountains show a
much broader development, the vegetation easily displays by the colour
of the various types the ‘Outer Himalaya’ carrying the monsoon vege-
tation, the ‘Inner Himalaya’, best developed round the Kashmir basin,
where the influence of winter rain is pronounced, and further to the
north the dry ‘Tibetan Himalaya’, the fringe of the Tibetan plateau. The
southnorth arrangement of the three types of landscape so broadly
developed in the northwest, can be followed up further to the east, where the
three types are gradually more and more ‘compressed’ into the less broadly
developed ranges, until in Bhutan the character of what I call the ‘Inner
Himalaya’ undergoes a profound change under the accentuated power
of the moisture bearing winds, this less humid inner part of the moun-
tain world is dissolved, the ‘Outer (wet) Himalaya’ border without
transitional zone immediatly on the dry Tibetan Himalaya (Subansiri). And
if we follow the mountain ranges further to the east, an entirely
new arrangement in the types of landscape distinguished becomes
apparent as examplified best in the Tsangpo valley : the monsoon
drenched lower gorge country, the less humid upper gorge country and,
as before, the dry Tibetan Himalaya.

These rather complex conditions have been revealed by careful evalua-
tion of the material available and painstaking care in compiling the map,
which proves the point that no single other factor provides us with
such a meaningful appreciat