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P R E F A C E .  

N 1807 a Survey detachment was deputed by the Surveyor General of Bengal in I explore the murce of the Ganges : this was the &st expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have a t  length reached a stage where there is a danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice at  the meeting of the latter in May 1906. The proposal 
was as follows :-" The number of travellers in the Himalaya and Tibet is increasing, 
" and a wider interest is being evinced by the public in the geography of these regions. 
" It is therefore proposed to compile a paper summarising the geographical position a t  
"the present time." 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding that 
the paper is intended primarily for the use of the public, we have endeavoured to 
avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows :- 
PART I.-The high peaks of Asia. 
PART 11.-The principal mountain ranges of Asia. 
PART 111.-The rivers of the Himalaya and Tibet. 
PART 1V.-The geology of the Himalaya. 

Though the four parts are essentially interdependent,, each has been made as far 
as possible complete in itself and has been published separately. The first three parte 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contenfs is given the name -of 
the author responsible for it. 



. . 
11 PREFACE. 

The endeavour to render each part complete must he our apology for having re- 
peated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part 11, when the range was being described, and have 
been mentioned again in Part I11 under the account of the river. 

As the mountains of h i a  become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : i t  is not possible yet to arrive a t  correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which they have checked our figures and names, and to  Mr. J. H. Nichol 
for the trouble he has taken tto ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 

We have also to express our indebtedness to Messrs. T. D. LaTouche sod C. S. 
Middlemiss for their kind assistance in examining proofs of Part 11: 
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PREFACE 

N 1807 a Survey detachment was deputed by the Surveyor General of Bengal to I explore the source of the Ganges: this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have a t  length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, t o  
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India t o  
the Board of Scientific Advice a t  the meeting of the latter in May 1906. The pro- 
posal was as follows :-" The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
" these regions. It is therefore proposed to compile a paper snmmarising the geographi- 
" cal position a t  the present time. " 

Subject to the modification that the scope of the paper should be geological ae 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows:- 

PART I.-The high peaks of Asia. 
PART 11.-The principal mountain ranges of Asia. 
PART 111.-The rivers of the Himalaya and Tibet. 
PART 1V.-The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been rnade as far 
as possible complete in itself and will be published separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 



PREFACE 

The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part 11, when the range was being described, and have 
been mentioned again in Part I11 under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : i t  is not possible yet to arrive a t  correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains: the titles of maps illustrating the text are given in ioot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which they have checked our figmes and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conynghanl have been kind enough to examine all proofs, and to give 
ue the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charb, and we have profited greatly by the interest he has 
shown in them. 
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THE HIGH PEAKS OF ASIA. 

THE PRINCIPAL PEAKS AND THEIR ALTITUDES. 

N the earlier stagw of geographical investigation the moat important features of I a mountain mass are the high peaks. They may be, it is true, but slight promin- 
encee of lofty ranges and they may poesessperhaps no geological sigdcance : but they 
are conspicuous and definite points ; they are the only mountain features that can 
be observed with accuracy from a distance ; and the determination of their positione 
and heights is the first step of the ladder of geographical knowledge. When thh step 
has been 'taken, further progreee becomes poseible ; the peaks can be made the basis 
of subsequent surveys ; the courses of rivers and the positions of lakes can be laid down 
with regard to them; the trends and forms and magnitudes of the ranges can be 
inferred from the distribution of the peaks. 

In the following tables I to v all the peaks of Asia that have been found to 
exceed 24000 feet in height are catalogued in order of magnitude : their geograyhcal 
positions are shown in the five corresponding charts, numbered also I to v.* 

TABLE I.-Peaks of the first magnitude exceeding 28000 feet in height. 

' T~OBB only have been included the heights of which nre known with fair eo-tbOy. h8b the 
heights of whioh have been oonjeotnred by explorere to exceed 24000 feet have been omitted. 

t The vduee of longitude ere baed on the determumtion of the difference between Gresnlrioh end Bfadrss 
made in 1884-96, and are not thoee hitherto aocepted by the Survey of India. 

B 

Refereno e 
number 
of P& 

1 

2 

3 

Mountain renge. ' 

- 

Nepal Himalaya 

Karakoram 

Nepal H i y a  

-- 

Longitude.7 

---- 
o t u  

86 66 40 

76 30 51 

88 9 0 

Name or symbol. 

Mount Evereat . . 
K4 . . 

Kinchinjunge I .. 
I 

Latitude. 
which the 

obeerved. 

- 

fed 

39002 6 

O I I  

27 59 16 

9 

28146 9 

35 52 56 

27 42 9 



2 THE HIGH PEAKS OF ASIA. 

TABLE 11.-Peaks of the second magnitude between 27000 and 28000 feet in height. 

TABLE 111.-Peaks of the third magnitude between 26000 and 27000 feet in height. 

Name or eymbol. 

Height. 

feet 

27803 

27790 

- 

1 

--- 

Referenae 
number 
of Peek. 

6 

7 

' 8  

T45 . . . . 
Dhaulagiri . . 
XXX .. . . 
Rauga Parbat I . . 

XXXIX . . 
Kb or Gasherbnun I . . 

Number 
of 

statiom 
from 

whioh the 
height was 
obmrved. 

Referenm 
number 
of Peak. 

--- 

4 

5 

i 

Height. 

Longitude.* 

o t a  

88 9 24 

87 5 29 

Latitude. Name or symbol. 

-- - 

Kinchinjunga I1 . . 

Makalu . . . . 

9 

10 

11 

12 

13 

14 

16 

Number 
of 

stations 
from 

which the 
height ww 
observed. 

Mountain renga 

Nepal Himalaya 

Nepal Himalaya 

-- I 
O I I I  

7 27 41 30 

6 27 53 23 

Lutitude. 

Nepal Himalaya 

Nepal Himalaya 

Nepal Himalaya 

Punjab Himalaya 

Nepd nimalaya 

Karakoram 

K* or Gasherbnun I1 . . 1 26360 1 2 1 35 45 31 76 39 15 Karakoram I 
Gosainthan . . 
K" or Caaherb: urn I11 

XXXIV . . . . 
Ks or Gasherbrum IV 

Nepal Himale ya 

Karakoram 

Nepal Himalaya 

Karakorem 
I 4 

The vslua~ of longitude ue b.e-d on the determination of the diIXerenoe between G m w i c h  and &&UJ 

ma& ia 1894-98, and ue not th- hitherto ecoepted by the Survey of India. 



THE HIGH PEAKS OF ASIA. 3 

T u r n  1V.-Peaks of the fourth magnitude between 26000 and 26000 feet in height. 

Refemoe 
namber 
of Pa& 

-- 

17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

43 
44 
45 
46 
47 
48 

'Talc 
mqds in 1894-96 and are not thoso hitherto acoepted by the Survey of I .&a. 

Mountain range. 

Nepal Himalaya 
Nepal Himalaya 
Nepal Himalaya 
Nepal Himalaya 
Nepal Himalaya 
Karakoram 
Kumaun Himalaya 
Karakoram 
Punjab Himalaya 
Kumaun Himalaya 
Kailas 
Karakoram 
Zaakar 
Nepal Himalaya 
Nepal Himalaya 
Hindu Kush 
Nepal Himalaya 
Karakoram 
Karakoram 
Ladak 
Nepal Himalaya 
Karakoram 1 
hc~pal ~ m l a y a  I 
Nepal h l a y a  1 , 
Karakoram 
Kashgar. 
N e p a l h a l a y a  
Karakoram 
Karakoram 
Nepal Himalaya 
Karekorarn 
gashgar 

Qmnwiob end Madras 

Longitude.* 

o t m  

86 44 41 
86 41 15 
84 38 34 
88 6 47 
84 34 7 
76 18 31 
79 58 22 
76 18 23 
74 35 14 
79 58 18 
74 29 22 
75 25 3 
79 35 37 
86 37 18 
83 23 25 
71 50 26 
87 6 44 
76 50 55 
74 31 21 
81 17 57 

2 47 
76 50 50 
83 22 46 
86 42 31 

77 45 13 
75 13 5 
8 5 4 8 4 5  
74 30 4 
76 34 23 
83 18 63 
74 40 53 
75 19 39 

betwoen 

Name or symbol. 

T67 . . 
B7aZ . . . . 
XXVIII . . . . 
Kambachen . . 
XXIX . . . . 
Muherbrum East . . 
NandaDevi . . 
Masherbnun West . . 
Nanga Parbat I1 . . 
LIX . . . . 
Rakapojhi . . 
Kunjut No. 1 . . 
Kamet . . . . 
Ta2 . . . . 
XLTII . . . . 
Tirich Nir I . . 
NbS . . 
KIU . . . . 
Hum-Kunji I . . 
Gurla Mandhata . . 
Jano . . . . 
K11; . . . . 
XLIV . . . . 
~ p s  . . 
Shyok Nubra ~atemh'ed 
No.5  .. . . 

Kungur I . . . . 
BC34 . . . . 
Hunza-Kunji 11 . . 
Karakoram No. 8 . . 
XLVI . . . . 
Hunza-Kunji I11 
Kung~r I1 : 

vsluea of lor~gitude are hved on the determination of the diffemnoe 

Height. 

feet 

25990 
25909 
25801 
26782 
25705 
25660 
26645 
25610 
25572 
25563 
25550 
25460 
25447 
25433 
25429 
25426 
25413 
25400 
25370 
25.355 
25294 
25280 
25271 
25202 

25170 
25146 
25134 
25118 
25110 
25064 
250.50 
25046 

I 
Number / 

etaations 
from Latitude. Of I 

which the' 
\height wee 
observed. 

1 
1 
4 
4 
2 
7 
g 
3 
2 
3 
3 
2 
6 
1 
5 
2 
2 
4 
2 
2 
g 
4 
3 
1 

1 
2 
2 
1 
4 
7 
2 
2 

1 

0 1 1  

28 5 62 
28 6 24 
38 26 3 
37 42 59 
28 30 12 
35 38 36 
30 22 32 
35 38 29 
35 15 22 
30 22 34 
36 8 39 
36 12 21 
30 55 13 
28 6 36 
28 45 45 
36 15 17 
27 55 47 
35 24 1 
36 30 3) 
30 26 18 
27 40 56 
35 24 24 
28 45 13 
28 5 50 

34 52 2 
38 39 23 
282117  
36 v l  59 
35 36 44 
28 44 7 
36 26 32 
38 37 4 



4 THE HIGH PEAKS OF ASIA. 

TABLE V.-Peaks of the fift,h magnitude between 24000 and 26000 feet in heighii. 
I I I I 

Refmence 
number Neme or symboL 

of Peek. 1 

49 . . . . 
m !E:v1 .. . . I 

51 1 Kulha Kangri I . . 
52 1 Karakoram No. 5 . . 
63 XXXV . . . . 
54 / Kulha Kangri I1 . . 
66 Shyok Nubra Watershed 

1 N o . 3  . .  . . 
66 1 Tirich Mir I1 . . 
57 j Shyok Nubra Watemhed 

; No. 4 . . . . 
68 Kunjut No. 2 . . 
591 , R2& . . 
60 ' ~ n d u s - ~ a ~ k w a t e m h e d  

No. 2 . . . . 
61 LVII . . . . 
62 Muztagh Ata . . 
63 Kls . . 
64 A satellite of Kinchin- , junga .. . . 
65 Tirich Mir III . . 
66 Kuen Lun No. 1 . . 
67 XXVI . . . . 
68 Haramosh . . . . 
69 Sad Ishtragh . . 
70 XLVIII . . . . 
71 Kunjut No. 3 . . 
72 A satellite of Kinchin- 

junga .. . . 
73 Hunza-Kunji IV . . 
74 Chamlang . . 
75 Kabru . . . . 

Number 
' of 

etatione 
Height from Latitude. Longitude.' Mountain w g e .  

which the 
height wee 
observed. 

24650 1 2 34 48 14 77 48 22 ) Karakoram 
2 4 6 1 1  2 1 3 6 2 5 5 2  7 1 5 0 1 1 , H i n d u K u s h  

24885 6 28 44 3 83 21 61 Nepal Himalaya 

24590 1 2 31 50 31 77 47 16 ' Karakoram 
24580 1 36 12 45 1 75 16 12 1 Karakoram 
24496 1 2 28 13 62 ! 90 37 10 h a m  Himalaya 

I 

24750 1 4 28 36 3 I 83 59 31 
24740 4 28 2 49 90 27 30 

24470 / 2 36 0 14 74 52 34 Kailaa 
24391 3 30 21 58 79 69 54 , Kurnaun Himala 
24388 1 2 38 16 43 75 7 6 Kaehgar 

24370 i 4 35 17 46 77 1 23 Karakoram 
I 

Nepal Himalaya 
h m  Himalaya 

Nepal Himalaya 
Hindul Kush 
Kuen Lun 
Nepal Himalaya 
Kailas 
F h d u  Kwh 
Nepal Himalaya 
Karakoram 

24690 1 1 35 8 54 77 34 41 Karakoram 
24688 4 28 32 11 84 5 6 Nepal Himalaya 
24660 1 28 4 11 90 26 53 i Assam Himalaya 

The names adopted for the peaks are those most commonly employed by geog- 

24089 1 5 27 47 15 
24044 1 36 24 10 
24012 ' 2 27 46 31 
24002 3 27 36 ,30 

raphers. !o a later soction of this paper is given a list if 
Explanation of the tables. 

alt,erni~tive names and symbols, which have been applied 

88 11 55 i Nepal Himalaya 
74 41 43 Karakoram 
86 68 56 Nepal Himalaya 
88 6 50 Nepal Himalaya 

to the high peaks at different times : in the same place are discussed a few geographical 
names that are giving rise to controversy and confusion. 

'The mines of longitude are besed on the determination of the differen08 between Qmenwioh end bbdree 
.made in 1894-96, and are not thoee hitherto eccepted by the Survey of India. 

t The podtion of this peek ia doubtful. 
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A column haa been included in tables I to v showing the number of  tati ions from 
which the height of each peak has been observed. For the attainment of accuracy it 
is more profitable to observe a peak from different places and distances than to multiply 
observations from any one station ; and the number of observing stations is an 
indication of the trustworthiness of the resulting value of altitude. The accuracy of 
the adopted values of height is discussed hereafter, and numerical estimates of the 
magnitudes of the errors that may exist are formed. 

The latitude and longitude of each peak have been given in the tables, so that its 
position on the charts may be ascertained. In the drainage charts xxrv to xxxrv 
(appended to Part 111) these positions have been marked exactly : but in charts I to v 
the scale is so small that in crowded clusters there has not been always room to mark 
the precise position of each peak; a few of the symbols overlapped, and had to be 
slightly displaced in order to make room for others. 

It will be noticed that every peak of chart I is shown by a larger and larger 
circle on tach of the successive charts 11 to v ; the reason for this increase is that 
a t  the level of 28000 feet Kinchinjunga, for example, is in nature hardly more than 
a point, but a t  27000 feet the contour round Kinchinjunga encloses an area ; and a t  
24000 feet a horizontal section taken through the Kinchinjunga pyramid would show 
that a wnszderable area of the earth's surface had attained that elevation.* 

In  the last column of each table is given the range on which each peak is situated, 
the great Himalaya range being divided into four sections :- 

(i) the Punjab Himalaya from the Indus to the Sutlej ; 
(ii) the Kumaun Himalaya from the Sutlej to the Kali; 

(iii) the Nepal Himalaya from the Kali to the Tista; 
(IV) the Assam Himalaya from the Tkta to the Brahmaputra.7 

The relative positions of the ranges mentioned in the tables are shown on the range 
chart which serves as a frontispiece. 

In table VI are given the details of a few well-known peaks, which are less than 
24000 feet in height. This table unlike the p r e d n g  does 

Well-known peaks below 24000 
feet not contain the names of all peaks above a certain height, 

and is not therefore a continuation of table v. Peaks 
have been omitted which exceed in height many of those of table vr; to give - 
complete lists of all known peaks would be to convert this paper into a numerical 
catalogue. 

A great many of the peaks of table VI are visible from Mussooree and Landour, 
- 

and their outlines are shown in chart v111.z The panorama of chart v m  is continuous 
from left to right : it has been drawn in three sections that i t  might be made to fit the 
size of t h i ~  paper. The reference letters A and B have been added to indicate continuity. 

On chart ~ ' ~ e a l r n  of the fifth magnitude have been drawn as points, thorn of the fourth megnitnde have been givm 
a of 6 miles, those of the third o diameter of 12 mila, those of theseoond adismeter of 18 milen, and thoss of the 
fmt a diametm of 24 milea 

t The Punjab end Kumeun Himalaya have been for the mart p s r t ~ e y e d  ; the peah of the Nepal Himalnya have 
been o k e d  from long dktencea and the rivera and roade explored: the Anuun EIimahya form atill 8 Lrrre in-h, 
dthougb meny of the peah hew been well o k e d  from the soirtb. 

SThm chart wee copied from the penorame &awn by Col. St. G. C. Gore, C.S.I., R.E., in 1887. 
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*The valuea of longitude am baaed on the determination of the dfirenoe between Qmnwich and W r a e  
ma& in 1894-85, and are not tboee hitherto accepted by the Survey of Indie. 

t The twin of Jaonli. I 
T[ Twina 

3 D~ublepeaked. 11 The twin of Ser. 
j The twin of Gsngotri. ** The twin of Mnr. 

of which 

Latitude. 

O I N  

30 0 22 
30 44 16 
31 0 12 
27 49 39 
27 27 31 
28 15 22 
32 12 51 
35 57 23 
30 30 57 
30 52 58 
32 55 7 
27 57 52 
30 51 17 
28 7 41 
28 10 25 
31 4 2 
39 18 20 
30 47 53 
30 46 46 
31 54 8 
31 53 5 
36 46 36 
34 0 48 
30 0 37 
30 20 56 
30 16 51 
27 30 40 
30 43 52 
30 12 51 
27 34 38 
27 56 56 
31 6 8 
33 58 66 
27 40 44 
30 57 25 
42 24 10 
30 51 41 
30 16 14 
30 18 43 

TABLE 

Beferenoe 
number 
of Peak. 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
04 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
106 
106 
107 
108 
109 
110 
111 
112 
113 
114 

are leas than 24000 feet. 

Longitude.. 

V1.--Some well-known peaks the heighta 

Mountain ranp. 

! 
Name in oommon uae~. Height. 

Number 
of 

etatione 
from 

which the 
height wee 
obmrved. 

-- 
0 )  N 

I 

80 55 57 , Nepal Himalaya 
79 16 52 Kumaun Himalsya 
78 33 17 
89 16 15 

Kumaun Himalaya 
Assam Himalaya 

3 
5 
5 
2 
4 
2 
5 
1 
4 
3 
1 
6 
1 
2 
2 
2 
. . 
6 
1 
2 
2 
2 
2 
4 
2 
3 
4 
3 
3 
8 
2 
2 
6 
2 
4 
. . 
2 
4 
7 

Api . . 
Badrinath . . 
Bandarpunch . . 
Chumalhari . . 
Chumunko . . 
Dayabhang . . 
Deotibba .. 
Dubunni . . 
Dunagiri . . 
Gangotri t . . 
Gardhar . . 
Gaurieankar $ . . 
Jaonlis . . . . 
Jibjibio East .. 
Jibjibia West )I . . 
Kailae . . . . 
Kaufmam . . 
Kedarnath . . 
Kharchakund .. 
Leo Pargial N. .. 
Leo Pargial 8.) 7 . . 
Lunkho . . . . 
Mer or Kana 11 . . 
Nampa . . .. 
Nandakna . . 
Nandakot . . 
Narsing . . . . 
Nilakanta . . 
Panch Chulhi . . 
Pandim . . 4 . . 
Pauhunri .. 
Sargaroin . . 
Ser or Nana ** . . 
Simvo . . . . 
Srikanta . . . . 
Tengri Khan . . 
Tharlasagar . . 
Trisul East . . 
Trkul West . . 

23190 
20720 
23930 
17310 
23750 
20410 
20154 
23184 
21700 
21140 
23440 
21760 
21839 
22876 
22028 
23000 
22770 
21695 
22210 
22170 
22641 
23450 
22162 
20700 
22510 
19130 
21640 
22650 
22010 
23180 
20370 
23410 
22360 
20120 
23600 
22610 
22320 
233m 

88 47 12 Nepal Himalaya 
85 31 9 ' Nepal Himalaya 
77 23 54 1 Punjab Himalaya 
74 38 5 
79 52 4 

Kailas 
K~lmaun Himalaya 

78 52 14 , KumaunHimalaya 
76 42 48 Punjab Himalaya 
86 20 16 i Nepal Himalaya 
78 51 25 KumaunHimalaya 
85 52 16 ' Nepal Hhalaya 
85 46 51 ' Nepal Himalaya 
8 1 1 8 5 0 i K a i l a s  
72 50 3 
79 4 7 
79 7 47 
78 44 39 
78 44 5 
72 26 16 
76 3 22 
81 0 3 
79 43 9 
80 4 11 
88 17 2 
79 24 28 
80 25 41 
88 13 10 
88 50 39 
78 30 4 
76 1 31 
88 14 38 
78 48 22 
80 16 43 
78 59 45 
79 52 24 
79 46 40 

Tram Alai 
Kumaun Himalaya 
Kumaun Himalaya 
Zaskar 
Zaskar 
Hindu Kush 
Punjab Himalaya 
Nepsl Himalaya 
Kumsun Himalaya 
Kumaun Himalaya 
Nepal Himalaya 
KumaunHimalaya 
KumaunIZlmalaya 
Nepal Himalaya 
Nepal Himalaya 
Kumaun Himalaps 
Punjab Himalaya 
Nepal Himalaya 
Kumaun Himalaya 
Tian Shan 
KumaunHimalnvn 
Kumaun Himalaya 
KumaunHimalaya 
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NOTES ON CERTAIN OF THE GREAT PEAKS. 

 mom^ EVEREBT. 
The elevation of Mount Evereat was first observed in 1849, but its height was 

not computed till 1862. Though half a century has elapsed since its discovery and the 
mountains of Asia have been continually explored in the interval, no second peak of 
29000 feet has been found. There is but little probability now of a higher peak than 
Mount Everest being discovered and even the prospect of finding new peaks of 27000 
or 26000 feet is becoming remote. 

Some geographers have held that peaks higher than Mount Evereat were standing 
behind it to the north, but their opinion was not founded on trustworthy observations, 
and when Major Ryder traversed Tibet along the Brahmaputra in 1904 he passed 
80 miles north of Mount Everest and found no peak approaching it in height. 

Three panoramas showing the outline of Mount Everest are included in chart vx.* 
Owing to the objections of the Nepalese Government Mount Evereat cannot be 

approached by surveyors from the side of India within 80 miles, and the trigono- 
metrical observations that have been made of the Evereet-Makalu group of peaks 
have been carried out under great disadvantages. The following description of Mount 
Evereat is taken from a report by Colonel Tanner :t 

" The outline of Everest is rather tame than otherwise ; it is fairly sharp and has a long snowy 
" slope on its north-east flank, the south-east being precipitous. Peaks of 22000 feet and thereabouts 
" encircle its southern base, and below them are seen many outlines of dark mountain maax?a which 
" are without snow. 

" From due south, near the Koei river in the Bhagalpur district, Evereet is by no means a marked 
" feature in the landscape ; its southern face has but 190 feet of snow, below which the ~ ~ ~ o u n t a i n  
8' falls for 4000 to 6000 feet in a series of crags of very dark-coloured rock, only here and there dashed 
"and st.reaked with snow, below which are snow fields and broken masses of rock intermingled 
"with snow and n8v8. When the atmosphere is not verp transparent the sharp tip is seen aa a 
" mere floating white speck, the rock below it  being almost exactly of the colour of the sky and there- 
" fore invisible. 

" The southern face of Everest from a near point of view is doubtless wild, and its c W  must 
" be very lofty, but the great distance from which it is viewed renders this aspect of the mountain 
" uninteresting. In fact, from the eouth, Everest has all the appearance of a very moderate hill, not 
"in the least imposing and hardly picturesque. It is interesting only bemuse by trigonometrical 
" operations its summit has been found to rise up further from the general level of the earth's 
" surface than that of any other point." 

The panoramas from Afahadeo P o h  and Kaulis rere drawn by Captain E Wood, BE., in 1903 r thorn from 
Darjecling curd &ndakphu by Captain Human, RE., in 1882. Major Ryder's daeoripti;? of Mount Evsmrt im seem 
frum Tibet will be found in the &cgraphiaaL Journal, VoL xxvl. '* It  stands alone, he wrote, " in mylnifioent 
" solitude." There is no doubt, whatever, that the peak observed by Ryder from Tibet war the seme peek an had been 
&ed by the 0. T. Survey from Bengal. 

t &bwd ReZlort, Surwy of India. 1883-84. 
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The great altitude of peak K2 was first discovered in 1868 by tngonometricaI1 
observations. " It was across the plains of Deosai," wrote Colonel Montgomerie, " from 
" Haramukh that I took the first observation to peak K2 at  a distance of 137 miles." 

K% described by Colonel Godwin-Austen aa follows : " KZ is a conical maas with 
" sides too steep to allow t.be snow to rest on them long : it lies therefore only in large 
"patches and stripes on the fissured surface.'' 

Sir Martin Conway writes that K2 has a double summit, which he has see& 
on several occasions. Colonel Godwin-Austen, however. believes it to be single- 
peaked.* 

Ke has always been supposed to be the second highest mountain on the earth,. 
but its height does not differ much from that of Kinchinjunga, and we cannot yet 
state with certainty which is the higher of the two.? 

The following extract is from Colonel Tanner's report for 1883-84 :- 

" Kinchinjnnga is a better known mountain than any in the Himalaya, and i t  is perhaps, 
" with one exception, the grandest in the whole range. It is regarded by the permanent residents 
" of Da rjeelrng with admiration that never palls, and although i t  is constantly, in clear weather, 
" a prominent object in their front, the beholder is never wearied of studying the great snow dopes 
" and ice fields ahich cover its Bides. 

" The aspect of the mountain haa many phases which constantly alter its appearance from day 
" to day. It is seen to best advantage when its base is veiled in a delicate curtain of  cloud^, so that. 
" the imagination is allowed to magnify the part which i hidden from view. 

"From Darjeeling and from Sandakphu KabruS appears as a straight-topped and 
" uninteresting ridge of snow, standing slightly away from the central peaks of Kinchinjunga, but a t  
" a distance of 100 miles from points in the Purnea district of Bengal a talesoope reveale the fact that 
" the face of Kabru presented towards Darjeehg is only one side of a huge snow-clad tableland 
" (24000 feet), quite smooth a t  the top with a very shght slope d m n  to the westward. Kabru ie 
" oonnected with the second highest peak of Kinchinjunga (27803 feet) by a ridge, the very lowest 

depmion  of which has an altitude of 22100 feet." 

In 1883 Mr. W. W. Graham claimed to have climbedKabru, but his claim has 
been disputed by many authorities, though recognised by others. Colonel Tanner 
thought that Graham had mistaken a lower peak for Kabru. 

Although the snow-line in Sikkim is lower than in the Western Himalaya and 
Karakoram, there are more naked spots on the slopes of Kinchinjunga than at similar 
altitudes on Ke and Nanga Parbat. 

The outline of Kinchinjunga as seen from Darjeeling is shown in chart VI. 

t 8wvy of India, Profeaaional Papu No. 9,1905. Annual Report of t?be Bowd of Scicnti@ Advzcc fw In&, 
1906-06. 

$ Vidc table v. 
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MAKALU. 
A rock basin filled with glacier-ice is situated near the summit of Makalu and 

gives a striking appearance to the peak. 
In  1853 before trigonometrical observations had been taken Captain Sherwill wrote 

of Makalu :- 
" One mountain in the Nepal range is a most remarkable object, both for its curious shape and 

" for its immense height : its name none of my party knew, nor have I yet succeeded in obtaining the 
" name. The peak is a hollow crater-like mountain probably 27000 feet in height with a long table- 
" mountain attached to it, both covered with glaciers." * 

In 1884 Colonel Tanner wrote : - 
" With the exception of the Kinchinjunga peak, Makalu is the finest yet fixed in the eastern 

" Himalaya. I t  stands apart from the Everest group and exposes a great maas of snow towards the 
'I Sandakphu ridge. From the south, in the plains of Bhagalpur and Purnea, it is the moat striking 
" object in the panorama of snow. I t  has a remarkable cup or hollow, which extends for about one- 
" third down its slope, by which it may be recognised. When examined with a high-power telescope 
" great masses of glacier-ice may be seen finding their way over the edge of the cup. This ice has 
" been collected round the sides of the amphitheatre-like hollow. The upper half of the mountain is 
'I composed of a very light coloured rock, but the southern spur is dark like the cliffs, which are seen 
" on the southern face of Everest. The white colour of the rock lends it a softness, which is absent 
" in the appearance of its higher neighbour. The southern and eastern faces are fully snow-clad, but 
" on the west are much bare rock and extensive streaks and patches which are too steep to retain 

snow on their slopes. No northern spur of this mountain has been seen, but I have traced one 
" of about 19000 feet elevation towards the east, until it dips into the Arun valley. To the south two 

picturesque branches fully clad with snow are thrown off, but I cannot qay that I have detected 
" any saddle or ridge connecting Makalu with Everest." 

Makalu is remarkable for its sharp-edged buttresses, one of which is a magnificent 
specimen of the spiral type. These spiral buttresses conveying the idea of torsion 
are to be seen in all parts of the Himalaya: Rakaposhi in Hunza has one, Simvo 
(22360 feet) in Sikkim has one, and tz residents of Mussooree the curvature of the 
eastern buttress of Banog (7433 feet), a small peak in the vicinity, is a permanent object 
of beauty. 

Hermann de Schlagintweit, when observing Makalu from Phallut in 1856, mistook 
i t  for Mount Everest, 7 and the same mistake has been made by other travellers. 
Sandakphu, situated 38 miles from Darjeeling and on the Singalila ridge, commands 
a fine view of Makalu: from there the peak is 78 miles distant and is a more striking 
feature than Mount Everest, which stands 12 miles in rear. 

The outlines of Makalu and Everest as seen from Sandakphu are shown in chart v r. 
. PEAK T45. 

T45 is a high peak of the Nepal Himalaya seventeen miles north-west of Mount 
Everest. It appears to have been missed by the observers of the Great Trigonometrical - 
Survey in 1850, but was observed by Tanner in 1884 from three different stations. 
Tanner recorded that i t  had a rounded top. -- - - . - - -- - -- .- 

* Journul, Aamtrc Socrety of Be&, Vol. XXII, 1853. 
t Vide Nature, No. 1828, Vol. 71 ; Nov. 10, 1904 ; page 3. 
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Nanga Parbat is the most isolated and perhaps the most imposing of all the peaks 
-of Asia. With the exception of subordinate pinnacles rising from its own buttresses, 
no peak within 60 miles of Nanga Parbat attains an altitude of more than 17000 feet. 
Throughout a circle of 120 miles diameter Nanga Parbat surpasses all other summits 
by more than 9000 feet. Its upper 5000 feet are precipitous. 

" Perhaps in describing mountains," wrote John Ruskin in Modem Painters, 
" with any effort to give some idea of their sublime forms, no expression comes oftener 
" to the lips than the word ' peak,' and yet i t  is curious, how rarely even among the 
" grandest ranges an instance can be found of a mountain ascertainably peaked in the 
" true sense of the word,-pointed a t  the tap and sloping steeply on all sides." 

A traveller in the Himalaya, who has studied the writings of Ruskin, must constantly 
be impressed with the accuracy of his observations. How often do we see a high 
peak towering above us, only to find on ascending that i t  is but an obtuse angle in the 
slope of a buttress ? How often is a needle discovered to be but the end of a sharp- 
edged ridge? Many of the peaks of tables I to VI, though they may form good definite 
points for surveyors, fail to satisfy Ruskin's definition. 

But no one can question the claims of Nanga Parbat: its form and its solitude 
render it a " peak," however we define the word. 

" Nanga Parbat's summit," wrote Colonel Tanner, " is 26620 feet above the sea, and ite base 
" stands on the left side of the Indus valley, which a t  that point is but 3500 feet : i t  therefore exposes 
" 23120 feet of its side to an observer, who, standing as near as he may dare to the edge of perhaps the 
" most lofty cliff in the world with the Indus valley 12000 feet below him, may regard a t  the distance of 
" less than 40 milea the unparalleled view presented by the vast snow fields, glaciers, qnd crags of this 
" King of Mountains. It is a scene that is not grasped or taken in a t  once, but after a while the 
" stupendous grandeur of the view is appreciated. It is quite overwhelming in its magnitude ; i t  is 
" in fact one of the grandest spectacles that nature offers to the gaze of man." 

Until the height of Nanga Parbat had been determined by the Great Trigono- 
metrical Survey, i t  was given on maps as 19000 feet. An error amounting to 7600 
feet in defect in the case of a solitary impressive peak shows how worthless are eye- 
estimations of height.* 

The Masherbrum peaks are two well-defined points connected by a saddle : they 
are 1000 feet apart and differ by 50 feet in altitude. 

Of Rakaposhi Colonel Tanner wrote as follows : " The mighty Rakaposhi or devil's 
" tail of Gilgit, rising from ground which is 7000 or SO00 feet above the 
" sea, may be viewed from a distance of less than 40 miles by any one bold enough to 

-- 

Annual Report of the Board 01 Scicni$e Advia for India, 1904-06. 
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"make the j o k e y  over the dreadful Saichar pass to Chaprot and thence up to the 
" grassy downs above that place, and the splendid appearance of Rakaposhi will be a 
" sufficient reward for his trouble. .It is a vast clean-cut /brilliant snow needle, abso- 
" lutely sharp, rising thouaands of feet above a mass of broken snows, below which are 
" the wild precipices and serrated ridges p e c h r  to the Gilgit mountains." * 

Kamet is a conspicuous landmark from all the elevated parts of Nari Khorsam ; 
it is also visible from Almora on the Indian side, " where, however, its appearance is 
" so modest that, till 1849, it remained unnoticed and unmeasured, though but 250 feet 
" lower than the King of the weatern Himalaya, Nanda Devi."? 

Kamet stands behind the Great Himalaya range and its height was first de- 
termined by Richard Strachey. Its outline as seen from Cheena is shown in chart VII. 

Snow forms a thick unbroken covering over Tirich Mir, and gives to the peak a 
rounded rather than a pointed top. The patches of naked rock, that are to be seen 
on all the slopes of the great peaks of the Himalaya, are absent from the flanks of 
Tirich Mir. 

GURLA MANDHATA. 

Dr. T. G. Longstaff made an attempt to climb Gurla Mandhata in 1905, and 
attained a great height, possibly exceeding 23000 feet, but failed to reach the summit.$ 

In 1878 Mr. Ryall wrote of this mountain as follows :- 
" Gurla Mandhata, which is 3500 feet higher than Kailas, is held in comparatively 

"little religious esteem among the Buddhists and Hindus. Owing to its immense 
" bulk and height--3000 feet above any peak within a radius of 40 miles-it is perhaps 
"the most impressive sight in the whole of the Himalaya, the celebrated mountain of 
" Nanga Parbat alone excepted.' ' 5  

The peaks of Kungur and Muztagh Ata have been mistaken for one another by many 
travellers. Captain Trotter was the first trigonometrical observer of Kungur, and from 
the plains of Kashgar he determined its height a t  25350 feet ; he named the peak 
' ' Taghama.' ' 

Muztagh Ata is 26 miles south of Kungur and is not visible from Kashgar. Travel- 
lers have frequently thought that they have seen Muztagh Ata from Kashgar : but they 
have been misled by the natives, who believe Kungur and Muztagh Ata to be one 
summit. Colonel Wahab called the Muztagh Ata peak " Taghnrma." 

Benerd Yurvey o/ India. 1883-84. *, 

t Journal, Royal Beogrqhicd 8ocieiy, Vol. XXIII, 1863.-~a~&n H. ~trachy On the PhysiwJ &ogr@y o/ W d n  
Tlbcr 

Henry Gtrnchey wrote &/OW the height of Nange Parbat had been aecertained. Montgomerie was right when 
he mid that Nange Parbat wss as much the King of the western Himalaya es Monnt Evereat wes of the eastern. Nan@ d 
hi is (110 highest point of the Ku~naun or oentral section of the Himalaya, but does not compete with Nanga 
Parbet. 

2 Charles A. Sherring : Weaien, Tibet and t 7 ~  Bri1i.A Borderfad ; also Alpine J o u m d ,  August 1906. 
I Benerd Report. Gurvcy of India, 1877-78. 
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The fact that both Kungur and Muztagh Ata were named " Tagharma" 
by surveyors has tended to increase the confusion. The name Tagharma is given 
by natives to the peak M Muztagh Ata because it towers above the town of 
Tagharma in the Sarikol valley, and Wahab was correct in his application of the name. 
But Trotter made a mistake in adopting the assumption of Kashgarians, that the 
great snow peak they see to the south-west is the same peak as seen from Tagharma. 

There has not only been a confusion of names, but differences of opinion have 
existed as to which of the two peaks is the higher, Kungur, the northern, or Muztagh 
Ata, the southern. The values of height entered in tables IV and v are those derived 
from the data a t  the disposal of the Survey of India, but it  has to be acknow- 
ledged that the observations are less reliable than those of the Himalayan and Kara- 
koram peaks. In the case of observations taken to peaks from stations in India the 
height of the place of observation is accurately known, but the same cannot be 
said of the points from which Kungur and Muztagh Ata were observed. Though all 
our information goes to show that Kungur is higher than Muztagh Ata, by about 768 
feet, the great weight of Sven Hedin's authority is on the side of Muztagh Ata. 
"Muztagh Ata," he writes, " the loftiest mountain of the Pamirs and one of the 
"loftiest mountains in the world, towers up to the height of 26600 feet, and like a 
" mighty bastion overlooks the barren wastes of Central Asia. It is the culminating point 
" in a meridional chain. The unchallenged pre-eminence of Muztagh Ata over the peaks 
" which cluster around it is proved by its name, which means the Father of the Ice 
" Mountains."* 

Sven Hedin made three attempts to climb Muztagh Ata, but was not successful. 
Lord Curzon describing the peaks of Kungur and Muztagh Ata wrote: "The 

"second and southerly peak, which from Sarikol obscures the first, is the real 
" Muztagh Ata, the height of which is probably a little less than its nameless brother, 
"being calculated a t  about 26000 feet, but which is a far finer mountain since it is 
"-conical and comparatively isolated, whereas the more northerly mountain is the 
"highest crest of an extended ridge."? 

The remarkable group of peaks in western Nepal, of which Api and Nampa (table VI) 
are the principals, has been imperfectly studied. During the observations of the Great 
Trigonometrical Survey the cluster was continually obscured by haze, and only one 
peak was observed. A crowded cluster that is seldom visible in winter, except perhaps 
on certain days for a few minutes a t  sunrise, and that ie completely hidden by clouds 
in summer, presents great difficulties to the observer. 

- 

* Sven Hedin: T h w h  Asia, page 221. I t  ia perhape unfair to give this quotation, for when Sven Hedin mote 
he may have been unaware that there wes any question at h u e .  Be, however, him book hes had a wide oirculntion, 
we think it right to point out that our results do not confirm Sven Hedin's opinions. 

t Geographical Journal, Vol VI 11, 1896. 
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If he succeeds in observing the directions of six peaks from both an eastern and a 
western station, each of the six rays from his eastern station cuts each of the six from 
'his western, and thirty-six points of intersection are given within a small area. If 
the peaks have been observed from a third station also, difEiculties disappear, but 
when they have been seen from two only, the true points of intersection have to 
be determined from a study of the several values of height. 

Many map-makers have confused the peaks of Api and Nampa, but their heights 
differ by 1237 feet. Colonel Tenner's observations show that Api is a double peak, 
the higher point of which (23399 feet) stands haif a mile north-east of the lower (23287 
feet). 

The observations of Colonel Tanner's assistant Rinzin show another peak called 
Ningru (23143 feet) rising between the two peaks of Api. It is extremely unlikely that 
the name of N i n p  has been attached by natives to this close companion of Api. 
and it is more reasonable to assume that Api and Ningru are alternative names 
employed, perhaps in different localities, for the same snowy mass. 

According to the observations of Tanner's assistants Nampa is a double peak also, 
the two summits being 2 miles apart. The higher Nampa is 4 miles east of the 
higher Api. 

The only peak of this cluster observed by the Great Trigonometrical Survey was 
.peak LIII  : its position was fixed, but not its height; its position, which was 
determined from two stations of observation only, is 14 miles south-south-west of Api 

,(23399 feet). 
The Enoyclopced.la Britannk shows a peak of this cluster as Mount Humla (2470.2 

feet), but, incomplete as the trigonometrical observations of the Api-Nampa group have 
been, they are sufficient to indicate that no peak exceeding 24000 feet stands in this 
region. .. 

The outline of Api is shown in chart VII. 

" The purity of its unbroken snow and boldness of its outline," wrote Colonel Tanner of the Api 
peak (23399 feet), " I have nowhere seen equalled. The ridgea that connect the highest with the 
" lower points of Api are perfectly sharp and decided, and for eeveral thousands of feet there is scarcely 
" a splinter of naked rock to mar the unrivalled whitenem of its slopee. The base and lower spurs of 
" Api touch the Kali valley and are clothed with variegated masses of birch and pine except in those 
" places where constantly recurring avalanches admit only of the growth of short grass." * 

The peaks of Chola (17310 feet) and of Chumalhari (23930 feet) appear from Senchal 
near Dajeeling to be in a lmo~t  the same direction, the distance of Cburnalhari being 
double that of Cho1a.t 

- 

* Qenerd Report, Survey of India, 1884-86. 

t Chola is celled Chnmunko in table VI and Gearing on North-Eastern Trans-Frontier Sheet No. 7 N. W. 
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A letter written by Dr. Campbell from Da jeeling in 1848 is interesting as showing 
how mistaken the natives of the mountains may be. His letter runs :- 

" When Colonel Waugh left this place in November last, after having satisfied himself of the 
" position of Chumalhari by observations from Tonglu' and Senchal, I took some Lepchss and 
" Bhotiahs, who had travelled into Tibet by the Phari route, with me to the top of Senchal, to 
" point out Chumalhari to them, 8s they were positive in stating their belief that i t  wss not visible from 
" any part of this neighbourhood. When I mid ' There is Chumalhari,' the whole party exclaimed 
" ' No, it is Chola, and not Chumalhari.' I took pains to ascertain the reasons of their dissent, 
" and afterwards wrote an epitome to Colonel Waugh, who said, as far as I recollect, ' You may rely 
" upon it, that I shall not finally decide the point until you are satisfied that I am right.' "* 

Colonel Waugh eventually proved that the peak observed from Senchal was 
Chumalhari. 

KAILAS. 

" It is solely due," wrote Mr. E. C. Ryall, " to the circumstance of its shape resem- 
" bling that of a Hindu temple that Kailas is vested with a sacred character."? 

Ser and Mer, known also as the Nun Kun peaks, are remarkable twin giants (eride 
table VI), rising from a region of perpetual snow : they are the highest points of the 
Punjab Himalaya between the Sutlej and Nanga Parbat. Ser is white and Mer is dark, 
being too precipitous on the side of India to retain much snow. 

Ser is 24 miles south-west of Mer : a third peak (22810 feet) stands 12 miles east- 
north-east of Mer, and there is a fourth peak (22310 feet) two miles east of Mer. The 
positions and heights of these four peaks were well determined. The account given in 
the Geographica! J m d  $ of the Bullock-Workman expedition refers to a third peak 
of the group, exceeding 23000 feet. No third peak however of 23000 feet was observed 
by the Trigonometrical Survey. The peak climbed by Mrs. Bullock-Worban was Mer. 

Tengri Khan is the highest peak of the Tian Shan and the highest point of Asia 
north of latitude 39". In his Central Tian-Shun Mountains Merzbacher describes 
the isolated eminence of Tengri Khan as " without example in mountain systems of 
like extent." " The mountain," he says, " has no rival and overtops the bighest 
" summits of all the neighbouring ranges by over 3000 feet." 

Journd, AaMtic Society o/ Bengal, Vol. XVII. 
t General Report, Sumey of India, 1877.79. 
$ November, 1906. 
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ON THE NAMES OF CERTAIN PEAKS. 

It is not often that a surveyor can discover a native name for a peak : natives of 
the Mls do not give names even to remarkable peaks. 

Absence of Native names 
" To my disappointment," wrote Sir Joseph Hooker, " I 

" found that neither priest nor people knew the name of a single snowy mountain." * 
Of the 75 great peaks included in tables I to v but 19 have native names. If 

we take into account the lower peaks, we find that there are many thousands of pro- 
minent but unnamed summits in Asia, and the problem of nomenclature has to be 
considered. It would be a mistake to attempt to attach an actual name to every 
peak. Astronomers do not name the stars : in olden times they grouped them in con- 
stellations, and they now number them according to right ascension. Colonel 
Montgomerie endeavoured to introduce for peaks a method resembling that of 
constellations, and he named the whole Karakoram region K, and its peaks K', 
K2, K3, etc.t 

Thls system would have answered well, but Colonel Tanner and subsequent 
surveyors have departed from it, and have adopted the plan of designating each peak 
by the initial letter of the observer : Tanner called, for instance, the peaks he had observed 
himself T45, T5', etc. The employment of observer's initials has led to confusion ; 
two and more observers have had tZle same initial, and the same symbol has thus becorne 
attached to different peaks. Moreover the designations given under Tanner's system 
furnish no clue as to the region in which the peaks are situated. 

The nomenclature of a mountain region should not be forced: i t  should grow spon- 
taneously, and we should never invent a name until its absence has become 
inconvenient. We cannot do better for Tibet and Turkistan than extend the simple system 
introduced by Montgomerie for the Karakoram: his method of constellations is more 
suitable for the peaks of Asia than a long seriea of successive numbers from west to east 
would be. We need not design constellations to include one whole range, and we need 
not follow the astronomical plan of drawing animals and heroes; we can have rect- 
angular constellations enclosed by meridians and parallels. 

Peaks however possess in their heights an attribute which stars lack, and there 
is no more useful means of distinguishing peaks than by 

Peaks can distinguish* by their heights. If we are dealing with a complex cluster 
their heights. 

of peaks, it is simpler to indicate the several members by 
their heights than to confer on them separate names. In discussions of the peaks of 
Asia heights must be accepted to a certain extent as substitutes for names. 

H i d y a n  Journals, Vol. 1. p g e  370. 
t A note on the name Karakoram is given in Section 16 of Part I1 of thin pper.  
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There will be no difficulty in preventing the same value of height being given to 
two or more peaks. The heights of peaks are not known within 10 feet, and it is thus 
possible to adjust the height of a newly measured peak by one or two feet, if i t  happens 
to have been given the same height as one previously determined. 

If the heights of peaks come to be recognised as a meana of identification, they 
should not be altered whenever any trifling improvement in the value is believed possible. 
The height of Mount Everest was originally determined a t  29002 feet, and this value 
should still be retained: a few years ago its height on maps was reduced to 28995 feet 
because the stations from which it had been observed were found to be 7 feet lower 
than had originally been assumed: subsequently for a similar reason the height was 
altered to 28994 feet. But these alterations were not,justifiable, and only tended to 
produce confusion. It is known that the height 29002 feet is, if anything, too low, 
but i t  is not desirable to alter it, because the value 29002 is a clear indication of the 
particu1a.r peak denoted. 

We are not proposing now to  bind our successors for all time to adhere to the 
present values of heights : periodical revisions of values can be carried out every twenty 
or fifty years, if fresh information has been accumulated in the interim. All that ie 
proposed now is that the heights allotted to the peaks in tables I to VI be accepted 
until proof is forthcoming of serious error, and that no small or frequent changes in 
value, such as have constantly led to confusion in the past, be made in the future. 

In tohe following table are shown the various names and symbols that have been 
applied to  the several peaks of tables I to VI a t  different times by surveyors and 
travellers :- 

TABLE VI1.-Names and Symbols which have been used by different authorities to denote t h e  
peaks of tables I to VI. 

No. of 1 Xame adopted in this 

Peek. 1 
Paper. 

1 / Mount Evereat . 
I 2 , K 3  . . 

I 
N8KUe empi'$ in the ' Namea employd by records of the Great Alternative names 

Trigonometrioal Survey. observers in the field. 
I 

occasionally used. 
I 

--- 

XV . . See below. I 

Karakuram ~ d .  13' : , K' by M&&' . Mount Godwin-Ansten 
(see below), D a p  

I sang by Schlaganttoeit 
in 1856. 

IX I . . 
VIII . . . 
XI11 . . . 

. Td6 or T45 by T a n w  . . . 
XLII . . . 
XXX . I . . 
Nanga Parbat . I . Dayamur, Dairmal, 

I 
Deo Mir. 

XXXIX . . 
I 

/ 3 ; Kinchinjunga I . . 
4 1 Kinchinjunga I1 . . 
5 Makalu . I 6 T 4  . 

T ~ P  name Karaharn waa spelt Knrduram by Jfontgomerie, and i9 consequently so spelt in many of the records of the Omat 
Triponometrrcill Survey. But the form Karakoram ia now held to bc correct. 

7 1 8 
I 9 
I 

1 10 
I - _ -  

Dhaulagiri . . 
XXX . 
Nanga Parbat I . . 

XXXlX . . 
-- 



THE HIGH PEAKS OF ASIA. 17 

TABLE VI1.-Names and Symbols which have been uaed by different authorities to denote the 
peaks of tablee I to VI--continued. 

No. of 
Peek. 

11 
12 

13 
14 
16 
16 
17 
18 
19 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

Altarnative namw 
wccreionally need. 

. . . . 

. . . . . . . . . . 
Fiehback by Tanner . . 

. . 

. . 

. . 
A No. 2 by Hodqdoo 
and Herbert : XIV by 
Webb 

. . 

. . 

. . 

. . 
Ibi  ami in b; SdhgW- 

weit 
. . . . . . . . 
. . 
. . 

Nimo Nadine; by 

I 
1 t 

Nwm adopted in thk 1 in the Namee employed by 
Paper- ""* '* the I observers in the field. Trigonometriaal Survey. I 

I I 

I 
Kc or Gasherbrum I . ' Karakuram No. 9 . , K6 . 
K4 or Gasherbrum I1 . , Karakuram No. 10 . K4 . 

(Gwherbrum) I 
Goseinthan . . XXIII . . I  . 
Ka' or Gasherbnun 111 . Karakuram No. 11 . Kt1 . 
XXXIV . . XXXIV 
Ka or   as herb nun i~ . Karakuram N:. 12 : Kg : 
T67 . / . Tm by Tanner . 
W8' . I a (  I B792 by Barckley . . 
XXVIII . . XXVIII: I 

T a n w  
Jannu . . . . . . . . 
Tagharma by Trdter, 

Mount Duflerin by 
Ny E l k  . . 

. . 
Chogolba by Norman 

I 
D 

~ o r t h  of &no& by 
Robert, S. E.13 by Tanner 

K1 East . 
. 

K1 Weat . 
Great Range No. 30 . 
U40 . 
Tram-Indus No. 4 . 

Kamet by Richcrrd ~trach&, 
Kangmen by Ryder 

T4PbyTanner . 
DsEb by Tanner . 
N6, by Robert 
K'O . 
To6 by Tanner . 
Memonamnyimri by Ryder 

. 
Kl1 . 
B7BS by ~ a r c k l e ~  
KU . 
Peak 2 of Camp 9 by Ram 

Singh 

Kambachen . / . 
XXIX . , XXIX . 

37 1 Jano . . 
38 Kn . . 
39 XLIV . 
40 ( B76s . 
41 , Shyok Nubra Watershed 

I No. 5. 
42 1 KungurI . 

Masherbnun East . . 
Nanda Devi . . 

Masherbrum Weat . . 
Nanga Parbat 11 . 
LIX . . 
Rakapoahi . . 
Kunjut No. 1 . . 

1 Kamet . 
T" . 
XLIII . 
Tirich Mir I . 
N6' . 
K1° . . 
Hunza-Kunji I . . 

I Gurla Mandhata . 
XI . 
KarakuramNo. 4 . 
XLIV : 
Sheok-Nubra Water- 

shed No. 5. 
. 

Masherbrum E. . 
LVIII . 

Masherbrum W. . 
. 

LIX . 
Rakipwhi . . 
Kunjut No. I .  . 
LXVII . . 

. 
XLIII . . 
Karakuram No. 3 . 
Kunji No. 8 . . 

. 

43 B m  . 
44 1 Hunza-KunjiII . 

45 , Karakoram No. 8 . 

. . I Bbn4 by Bardley . 
. ' Higheat Peak South by 

Karakuram No. 8 . 
H 0 l . h  

KO . . 
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TABLE VI1.-Names and Symbols which have been used by different authorities to denote the 
peaks of tables I to VI--contin&. 

I 

No. of 
m*. 

Alternative names 
ocoasionally used. 

Name employed in the 
Name adopted in this recorde of the Great 

Paper. 

XLVI . . XLVI . 
Hunza-Kunji 111 . . Hunza No. 2 . 
Kungllr I1 . I 

Names employed by 
observers in the field. 

U5' . 
Peak 3 of Camp 9 by Ram 

. Bhutan-Tibet range 1 No. 2 Pk 
Karakoram No. 5 m No. 5 . KSs . l XXXV I 

/ ~ i h a  Kangri I1 . . Bhutan-Tibet range I No. 1 Pk 
Shyok Nubra Watershed 

No. 3 
Tirich Mir I1 
Shyok Nubra Watershed 

No. 4 
Kunjut No. 2 . 

Sheok-Nubra Water- 
shed No. 3 

IGmiby T a n w  . 
KZ3 . 

Nwhau No. 1 
. . Sheok-Nubra Water- 

shed No. 4 
Kunjut No. 2 . Trans-Indus No. 2 by 1 M d q m i e  

RPB4 . 
Indus-Nagar Watershed 

No. 2 
LVII . 
Xuztagh Ata . 
K12 . 
A satellite of Kinchin- 

Indus-Nagar Water- 
shed No. 2 

LVII . 
~ a ~ h s r m a  6y ~ a h i  
K12 . 
Centre of great broad peak 

Karakuram No. 4 . 
jmga 

Tirich Mir 111 . 
Kuen Lun No. 1 . 

- 

IGmf by T a n w  . 
Peak 9, Camp 58 by Ram 

Si7agh 

BI4 Uu . 
Dsb . 

XXVI . 
Haramosh . . 
Sad Ishtragh . 
XLVIII . . 
Kunjut No. 3 . . 
A satellite of Kinchinjun- 

ga 
Hunza-Kunji IV . ' Chamlang . . 

TB7 by Tanner . 
Centre of huge mass, North 

of Kinchinjunga 
CBu 

XXVI . 
Haramosh . 
XLVIII 
Kunjut No. 3 . 

, - 
XIV . 

/ Boyohaghurdonaa 
. . I 

Kabru . X 
Api - 
Sadrinath . . LXIX . 
Bandarpunch . . LXXVII . 
Chumalhari . 1 
Churnunko . IV . Chola by Dr. Camp- 

bell 
L or Dayabang by Col. 

Craw f md 

- 

81 1 Dayabhang 
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TABLE VI1.-Names and Symbob which have been used by different authorities to denote t he  
peaks of tables I to v~-cimduded. 

82 Deotibba . 
83 1 Dubunni . 
84 Dun* . 
85 Gangotn . 
86 Gardhar . 
87 Gaurisankar 
88 Jaonli 
89 Jibjibia East 
90 Jibjibia West 
91 Kailaa 
92 Kaufmann . 
93 Kedarnath . 
94 Kharchakund 

No. of i Name adopted in this 
Peak. , P P r .  

I 

Leo Pargial N. 
Leo Pargial S. 
Lunkho . 
Mer . 

Nampa 
Nandakna . 
Nandakot . 
Naming . 
Nilakanta . 
Panch Chulhi 
Pandim . 
Pauhunri . 
Sargaroin . 

Name in the 
records of the Great 

Trigonometrical Survey. 

Simvo 
Srikanta . 

Tengri Khan 
Tharlasagar 

N~~~ employd by 
observers in the field. 

Alternative names 
occasionally used. 

Deotibba 
Dubunni 

1 113 

Gardhar . 
XX . 
LXXV . 
XXII . 
XXIV . 
Kailaa . 

Trisul East . 

LXYII . 

1 114 Tri~ul W e ~ t  . 

Leo Pargial N. 
Leo Pargial S. . 
Mer or Kana . 

LXIV . 
I LVI . 
i V1 LXVIII . ' LIV . 
VII . 
I11 
LXXIX . 

Ser or Nana 

LXXVI 

LXXIV . 

am by Carter . 
Gangotri or S. P. by RyaU 

' I11 by wcb6 : 
I 
Kharcha Koond No. 2 S.P 

by RyaU 

IGmp . 

IX (~ i l ikan ta )  by' webb 
X X b y W e b b  . 

. . 

. . 

. . 

. . 

. . 

. . 
Kangrinpoche 

. . 
Bharti Khunta 

. . 

... 

. . 
Kana. Kun. Dam Huy. 

The Nun Kun peaks 
are Mer and Ser 

Nam j u 
. . 
. . 

. 

. 

. 

Powhunri . , 

H. Left Peak by B~dgcron 
and Herbert . 

530 . 

. . 
Donkia by Dr. Hooker 

. . 
Nana. Nun. Pajah 

Huy. The Nun 
Kun peaks are Mer 
and Ser 

. . 

. . 

. . 

. . 

. . 

. . 

1 Bus peak by i)u vknet, G 

. 

. 

or Srikanta by Hodqcron 
and Herbert 

M or Mont Moira by Hodg- 
8m c~ad Herbert, 1 by 
Webb 

XI11 (East Trisool) by 

I by Hodgson and 
( H ~ b e r t ,  XI1 (West 

Trlsool) b7J Webb 
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In 1862 the chief computer of the Trigonometrical Survey informed the Superin- 

The name of Mount Eoaest tendent, Sir Andrew Waugh, that a peak designated XV 
had been found from the computations to be higher than 

any other hitherto measured in the world. This peak was discovered by the computers 
to have been observed from six different stations: on no occasion had the observer 
suspected that he was viewing through his telescope the highest point of the earth.* 

The Indian Survey had always adhered to the rule of assigning to every geo- 
graphical feature its true local or native name, but here was a mountain, the highest 
in the world, without any local or native name that the surveyors were able to 
discover. The Surveyor General, Sir Andrew Waugh, decided to name the great 
snow-peak " Mont Everest " after his former chief, Sir George Everest, the celebrated 
geodesist. 

Waugh wished to introduce the word " Mont " in preference to " Mount, " but 
" Mont " never came into vogue. It seems to have been immediately replaced in 
common usage by " Mount, " and for 60 years " Mount Everest " has been the name 
generally adopted throughout the world. 

When Sir Andrew Waugh announced that the peak was to be named "Mont 
Everest," Mr. Hodgson, who had been political officer in Nepal, wrote many papers to 
show that Waugh had been mistaken, and that the mountain had a local name, viz., 
Devadhunga. But Mr. Hodgson mistook another peak for Mount Everest and it is 
probable that he never saw Mount Everest a t  all. All subsequent and recent infor- 
mation goes to show that there is no peak of the Himalaya called Devadhunga.7 

In 1866 Hermann de Schlagintweit visited a hill in Nepal called Kaulia near 
Katmandu, and from it took observations to the snow peaks. He saw the mountain 
called Devadhunga by Hodgson, and he identified it as Mount Everest ; he however 
repudiated Hodgson's name of Devadhunga and certified that the local native name for 
the peak was Gaurisankar. Many geographers accepting Schlagintweit's views have con- 
tinued to this day to call the highest mountain in the world Gaurisankar: the Indian 
Survey however were unable to reconcile Schlagintweit's results with their own and 
declined to follow him. There is no doubt now that Schlagintweit was misled in his 
identification of Mount Everest. In 1903 Captain Wood, R.E., visited Kaulia by order 
of Lord Curzon : he found that Gaurisankar and Nount Everest were different peaks 
36 miles apart, and that the peak called Devadhunga by Hodgson and Gaurisankar 
by Schlagintweit was a peak long known in the records of the Survey as peak XX 
(height 23440 feet).$ 

In addition to his Kaulia observations, Schlagintweit observed at  Phallut on the 
Singalila ridge, and from there he painted his now well-known picture of Mount 

Nature, Nm. 1828 and 1830, Vol. 71 ; Nov. 10 and 24, 1m. 
t This name may possibly be a mythological term applied to the whole snowy range by the nativtn of a 

certain part of Sepal. 
f Sae Wood's Report on the Zdenti@utwn and Nomenclatwe of the H i d a y a n  p k a  aa aean from Katmandu. 

,1904 ; a h  hie Narrative Report, 1903-01. 
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Everest : but unfortunately he fell again into error, for the mountain he painted is 
clearly Makalu and not Mount Everest. 

Of recent years endeavours have been made to show that the Tibetans have a 
name for Mount Everest, namely, Jomokangkar or Jhomogangar or Chamokankar, 
but no reliable evidence has been produced. In 1904 the surveyors attached to tihe 
Tibet Frontier assion made careful enquiries, but found no such name applied to the 
great Himalayan peak. On the other hand the explorer Kishen Singh found a mountain 
called Jhomogangar * in the interior of Tibet, 216 miles north-east of Mount Everest. 
This peak of Jhomogangar has been shown on maps of Tibet since 1872. Kishen 
Singh in his narrative describes his arrival a t  Dung Chaka (16700 feet) and then adds, 
" About 10 miles to the east there is a lofty snowy peak called Jhomogangar, some- 
" what of the same shape as the Kailas peak near Manasarowar : it  is a noted object of 
" worship, being considered as a female divinity." 

After 60 years of controversy no true native name has been produced for Mount 
Everest: each of those suggested has in turn been shown to be inapplicable, and the 
evidence that no such name exists is overwhelming. In the meantime the name Mount 
Everest has been widely adopted, and it would be a mistake to go back upon it now. 
Personal names for geographical features are doubtless objectionable, but we mu& 
accept accomplished facts : geographical progress is retarded by unprofitable changes 

-and by barren controversies over names.? 
No native name for peak Ka could be discovered by surveyors, and in 1866 it  was 

designated Kx by Montgomerie. The designation has been 
The name of KS generally accepted, and will now, it is hoped, be retained in 

perpetuity. 
When the final results of the Kashmir Survey were being prepared for publication, 

the numbering of the peaks of the Karakoram range was altered in order to produce 
-continuity from west to east, and in some publications of the Great Trigonometrical 
Survey the peak Ka is shown as Karakoram No. 13. This duplication of designations 
ie now regretted, and the symbol Ka will alone be used in future. 

The height first given by the Survey to Ka was 28278 feet; the value now 
accepted is 28260 feet. 

Schlagintweit thought that the native name of peak Ka was Dapsang: Sir Martin 
Conway gave it as Chiring :$ and other travellers have reported it to be Chogo Ri.8 

* Latitude 29'50' N.; Longitude 89'60' E. Qecrgmphicd Journal, Volume XXV, p. 179. 
t In connection with the subject of personal names Lieutenant Wood, R.N., ia often quoted as having given 

the name of Victoria to the M e  of Sir-i-Kul in the Pamim ; it may therefore not be out of place to quota 
Wood's own words : " As I bad the good fortune to be the first European who in later timea had succeeded in 
"reaohing the sourcea of this river, and as, shortly before setting out on my journey, we had received the news of 
"her gracious Majesty's acceesion to the throne, I was tempted to apply the name of Victoria to this, if I may so 
"term it, newly re-hovered  lake ; but on considering that by thus introducing a new name, however honoured, 
" into our maps a great confusion in Geography might arise I deemed i t  better to retain the name of Sir-i-Kul, the 
"appellation given to it by our guides." 

$ Proceedinge, Royd &qraphicd SocKty, VoL XIV, p. 857, end Geographicd Jcnunal, VoL I, p 177. 
5 Ri merely mean8 '' monntain." 
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None of these names is in common use by the natives, and nothing would be gained 
by the adoption of any one of them. 

Sir M. Conway writes of the Chogo peak as being quite distinct from K" and Dr. 
Hunter Workman attaches the name of Chogo Ri on his map to a different peak from 
K2. Professor Norman Collie gives the name Chogolisa to peak No. 45 of table IV. 

I n  1888 a t  a meeting of the Royal Geographical Society i t  was proposed by 
General Walker to give the name of Godwin-Austen to peak Ka after the officer 
who first surveyed the Karakoram range and glaciers ; the name Godwin-Austen is now 
applied to the peak by many map-makers, but i t  has not been accepted by the 
Surveyor General of India and has not been entered on the maps of the Government 
of India. 

Of all the designations suggested for the supreme peak of the Karakoram that 
of Ka has now the widest vogue, and it will be in the interests of uniformity, if this 
symbol be adopted henceforth to the exclusion of all others. The permanent adoption 
of the symbol Ka will serve to record the interesting facts that a mountain exceedmg 
28000 feet in height had not been deemed worthy of a name, by the people living under 
its shadow, and that its pre-eminent altitude was unsuspected until i t  was brought to 
light by trigonometrical observations. 

The name Kinchinjunga has been spelt in a variety of ways. Uniformity in 
spelling is of more importance to geographers than correct- 

The name of Kinchinjunga. ness. The correct forms are doubtless Kanchenjunga or 
Kanchendzonga, but the more familiar form of Kinchinjunga is that adopted by 
the new Imperial Gazetteer, and this, i t  is to be hoped, will now come into general 
use. In  north-eastern Nepal Kinchinjunga is known as Kumbhkaran Langur. 

The name of Leo Pargial has figured too long upon maps to be abandoned now, 

Leo Pargial. 
but the natives on both sides of the Bashahr-Tibet border 
call the peak Rio P6rgy61. Rio is merely a different form 

of the word Ri, meaning mountain, as in Chumalhari. 
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ON THE ERRORS OF THE ADOPTED VALUES OF HEIGHT 

The values of height given in tables I to VI of this paper must be accepted with 
caution; some are more reliable than others, but none are correct to a foot, and many 
investigations will have to be completed before altitudes can be determjned with a 
greater degree of accuracy than a t  present. 

All observations are liable to error; no telescope is perfect, no level is entirely 

Errors of observation. trustworthy, no instrumental graduations are exact, and 
no observer is infallible. 

In ordinary triangulation the objects to be observed are sharp and specially erected 
signals, but for the observations of a high peak, the summit, however ill-defined, cannot 
be furnished with a suitable mark. 

If a flat-topped peak be observed from a near station, the surveyor runs the risk of 
mistaking some lower point for the summit, the latter being obscured from his view by 
an intervening shoulder. 

Errors of measurement however can be greatly reduced and rendered practically 
negligible, if a peak be observed with a good theodolite on several occasions and 
from diflerent stations ; observations of Mount Everest, of K2, of Kinchinjunga, and of 
others have been repeated so often and from so many different places that the local 
angles of elevation have been probably determined within one or two seconds of the 
truth and the errors in the mean values of height due to faults of obserwGtion are probably 
less than 10 feet. But in the cases of peaks Nos. 18 and 30 of table IV, and others, 
which have been observed from one station only and on but few occasions from that, 
errors due to faults of observation may attain to 100 feet. A single intersection of a 
peak from a single station deserves no weight whatever : i t  may give a result hundreds 
of feet in error. 

Heights in the Himalaya that have been measured from one or two stations only 
may in places be thrown into error to the extent of 10 or 

The adoption of an erroneous 
height for the observing station. 15 feet by the adoption of erroneous altitudes for the 

stations of observation. 
In the case of the Karakoram and Ladak ranges the liability to error on this 

account is larger and is perhaps 30 feet : the peaks of the Hindu Kush have been observed 
from less known stations than those of the Karakoram and are possibly 70 feet in error 
in consequence. 

The Kashgar range being still more remote from the triangulation of India, t h e  
heights of i k  peaks are less reliable than those of the Hindu Kush ; and the peaks of 
Kungur and Muztagh Ata may be in error by 300 feet, or even more, on account of the 
accumulrttion of error in the assumed a.ltitudes of the stations from which they have been 
observed. 
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An element of uncertainty is introduced into heights by the fact that the altitudes; 
of peaks are always varying in nature with the increase. 

Variations of mow. and decrease of snow. The discrepancies that obtain 
between the different determinations of height of the same peak may be partly due to 
the fact that some observations have been made after the snow has been accumulating, - 

and others after it has been diminished by heat, evaporation, wind, and avalanches. 
All heights on land have to be measured from the surface of the sea, and as the latter 
rises and falls with the tides, a mean level of the sea has to be adopted ; and so in the 
case of the great peaks, we shall have eventually to assume the mean level of the. 
snow at  their summits as the altitude to be determined. 

A plumb-line is a string supported a t  its upper end and stretched by a weight 
The d-tim of graPity f- attached to its lower end.* If there were no irregularities 

the nonnal. of matter near the earth's surface a plumb-line would hang 
truly normal ; but mountains exert a lateral pull, and tend to deflect it towards t,hem. 
In the same way as plumb-lines are pulled out of the normal, so is the surface of water 
near mountains pulled out of its spheroidal form. The attraction of the great mass of' 
the Himalaya and ;Tibet pulls all liquids towards itself, as the moon attracta the ocean,. 
and the surface of water in repose assumes an irregular form a t  the foot of the Hima- 
laya. If the ocean were to overflow northern India its surface would be deformed by 
Himalayan attraction. The liquid in levels is similarly affected and theodolites cannot 
consequently be adjusted: their plates when levelled are still tilted upwards towards. - 
the mountains, and angles of elevation as measured are too small by the amount the 
horizon is inclined to the tangential plane. At Darjeeling the surface of water in repose 
is inclined about 36" to this plane, a t  Kurseong about 61", a t  Siliguri about 23", at 
Dehra Dun and Mussooree about 37". 

No attempt has yet been made to apply corrections to the values of heights on 
account of Himalayan attraction : the determinations of the deflections of the plumb- 

To render intelligible references to the deviation of gravity it is necwwy to define the following wad, 
*ti&, horizontd, normal, I d ,  tangential. If the earth had been a t  rest, it would under the influenoe of gravity 
have wumed the form of a sphere: its rotation round an axis has converted the sphere into a spheroid flattened 

the poles. The present figure of the earth is not a perfect spheroid, however, the surfsot, is diefigured by 
mountains and valleys, which are rigid enough to withstand the influences of gravity and rotation. Everywhere 
in fact on land we meet with slopes and c l i 5  that are obviomly inclined to the general surface of tho -th. 
water, however. whether it be ip a basin, or lake or ocean, conforms closely to the spheroidal surface, and ~t is 
more exact to my that the figure of the sea is a spheroid, than that the figure of the earth ie one. The surf- 
of the -, however, though more nearly spheroidal than that of the lend, suffers from slight hgularities, and water 
in repoee does not conform exactly to the spheroid. Continenta and mountains a b b o t  water towards t h w l v e e ,  
and their attraction diafiguree the surfaces of oceans and ponds and levels. If the earth were a homogeneou and 
perfect spheroid, the direction of gravity would everywhere be perpendicular to ita surface, but the earth ia 
irregular, and gravity does not always coincide with the perpendicular to the general surface. Gravity in a 
direation perpendicular to the surfme of water. We have then to coneider what we mean by a vertical line- 
whether it is the perpendicular to the earth's mean surface or whether it is the direation of gravity. The word 
c~l.f ierrl ,  we think, ehould be employed to desoribe the direction of gravity; the line perpendicular to the mean 
surface should be called tho normal. The actual surface of the ses and of water, however dufiped from 
spheroid, is the kvel surface, and the word I d  should only be applied to this actual surface. The following 
definitions wiU explain the ditFerence between the I a w i d  and tangential planes a t  8ny point of the earth's 
surface : the hkmfd ia the plane that is tangential to the local surface of water, however the latter may ba. 
deformed: the tungentid plane is the plane that is tangential to the mean spheroidal surface. 



THE HIGH PEAKS OF ASIA. 25. 

line are a t  present not sufficiently perfect to justify the results being utilieed fo correct 
altitudes. * 

We know that all angles of elevation to Himalayan peaks meaaured from the 
plains of India and from the outer hills are too small, and consequently all our values 
of Himalayan heights are too small. Errors of this nature range from 40 to 100 feet. 

Of the deflection of gravity from the normal in Tibet or Kashgar or on the Kara- 
koram or Hindu Kush we know as yet nothing. 

I ,  . . . I.! I 

If a peak be observed from different 'directions, the deflection of the plumb-line in 
the plane of the peak will probably be different at  every observing station, and the 
several values of height may consequently appear discordant. Such discordances, 
however, are unavoidable ; their presence implies that the direction of gravity has been 
varying, and i t  leads us to hope that the errors due to deflections of the plumb-line axe- 
tending to cancel in the mean. 

The most serious source of uncertainty affecting values of heights is the 

Atmospheric Rcfractioh refraction of the atmosphere. A ray of light from a peak- 
to an observer's eye does not travel along a straight liner 

but assumes a curved path concave to the earth. The ray enters the observer's eye in 
a direction tangential to the curve a t  that point, and this is the direction in which the 
observer sees the peak. It makes the peak appear too high. Refraction is greatest 
in the morning and evening and least in the middle of the day : i t  is different in- 
summer from what it is in winter. If we observe Dhaulagiri from the pltbins of 
Gorakhpur, it appears to fall 600 feet between sunrise and the afternoon, and to rise. 
again 300 feet before sunset. Even in the afternoon, when i t  appears lowest, i t  will 
still be too high by perhaps 700 feet. 

In 1853 Sir Andrew Waugh determined the curvature of the path of a ray of- 
light between the outer Himalaya and the low plains of Bengal by means of simul- 
taneous observations taken from both ends of the ray. He then assumed that the 
path of a ray to a snow peak would be similarly curved, and he reduced the apparent 
heights of the peaks accordingly. But we believe now that he reduced the heights by 
too much: his determination of a ray's curvature in the outer Himalaya was correct, 
but this curvature, we think, is not maintained a t  higher altitudes. As the rarefaction 
of the atmosphere increases, the ray assumes a less curved path, and Sir Andrew 
Waugh's method attributed to refraction a greater effect than i t  really has. To the 
Karakoram heights Colonel Montgomerie employed smaller corrections for refraction 
than Waugh used for the Himalaya. 

PhJosophicai Transactiond of the Royal Socieb of London: Series A, Volume %b6 (1m. pp 289 to 318. 

E 
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If we bring together in the following table the different errors to which carefully 

Summary of errors. 
determined heights of peaks are liable it will help to focus 
our ideas : - 

TABLE VII1.-Magnitudes of possible errore. 

Source of error. 
I Great Himalaya 

*an* 

Variatiom of snow-level from the mean . . 
Errors of observation . . 
Adoption of enoneoua height for observing 

station . . 
Deviation of gravity . . 
Atmospheric refraction . . 

30feet . 300feet. 
Unknown . Unknown. 
10 to 30 feet I W feet. 

Unknown . 
10 feet 

10 feet 
60 feet, too small . 
150 feet, too small . 

Unknown . 
20 feet . 

I I 

The following table shows how the different values of the height of Mount Everest 
Deduction of the height of have been deduced :- 

Mouat Evere& 

TABLE 1X.-Height of Mount Ftvereat. 

Unknown. 
100 feet. 

' 0t.Uon of o ~ a U o n  

-- - - - - 

Jirol . . . . 
&apur . . . 
Janjpti . . . . 
Ladnia . . . . 
Harpur . . . . 
Mimi . . . 
suberkum . . . . 
Do. . . . 

'ITger lIill . . . 
Sandakphu . . . . 
Phallut . . . . 
Senchal . . . 

794 1 Mis1eading.t 43 
I 

The 6th column gives the values of height obtained from observation, if no 
correction for refraction he applied. It will be noticed that all the values of height in 
this column derived from observation3 taken at  low-lying stations exceed 30000 feet, 
whereas those derived from observations taken at high altitudes are less than 30000 feet. 

The reason of this difference is that refraction tends to elevate a peak to a greater 
extent when the observation is made through the thick atmosphere of the plains than 
P - ---- 

The range of variation is the difference between the lar st  and smalleet va lue~  of height in the column above ; 
i t  in the maximum discordance obtained, end as auch it furnisgs evidence as to  the correctness of the refraction 
co-efficient adopted 

t The extent of the range of variat~on affords no useful information unless the same value for refraction has been 
employed throughout. By using  elected values of refraction we can make all values of height identical and have no 
range of variation a t  all. 

E$ - 2 

$ 2  - 
S a 3  - 0 e 

i s  
, t g  
$8. 

Feet 
30366 
30185 
30141 
30171 
30221 
30282 
29576 
29572 
29860 
29620 
29589 
2994 1 

S 
i 
g w 

$j 
J P  
a"* 
- 

Miles. 
118'661 
108'876 
108'362 
108'861 
111'523 
113'761 
87.636 
87 '636 
107'952 
89'886 
85 ' 663 
108'703 

" 

* 
B d  

SjSJ 
.gpS * s o  

d l i i  
gi:ll ii 
Feet 
29141 
29135 
29117 
29144 
29146 
29160 
. . . . . . . . . . . . 

9 ' aSE 

;; QP$ 3 ~ Z E J  
a%r-g;. 
3 3szg 4 
a;.&. 

a .. 
a * 
- - 

.I849 
1849 
1849 
1849 
1849 

.1850 
1881 
1883 
1880 
1883 
1902 

.I902 

8 8 - Z ~  
,=I B 
& "a', 

gihsa 
S B S S ~  - 5  

IS 
r t jO - 

Fwt. 
220 
246 
255 
235 
219 
228 

11641 
11641 
8507 
11929 
11816 
8599 

J - B ~ ~ - O ~  382~2 

Feet 
28991'6 
29005'3 
28001'8 
28998'6 
29026.1 
28990'4 

. . . . . . 

. . . . . . 

Feet. 
. . . . . . . . 
. . 

2~i4i 
29137 
29140 
29142 
29161 
29134 
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when the line of sight passes only through the rarefied air of hill stations. It will be 
noticed that when no correction for refraction is applied, the largest of the values in 
the 6th column differs from the smallest by 794 feet, but that the application of 
corrections reducea the discrepancies materially. 

The height 29141 is still probably too small, as it has yet to be corrected for the 
effects of deviations of gravity. Though it is a more reliable result than 29002, the 
latter value is still to be retained in maps and publications of the Survey. We cannot 
claim to have solved the problems of refraction, nor to have eliminated all uncertainties : 
our knowledge of the deflections of gravity is still but superficial, and although we may 
endeavour con t indy  to improve our heights, it would be a mistaken policy to in- 
troduce new values at every step of the investigation. Values of heights, as has been 
explained in a previous eection, furnish means of identscation a id  are not to be 
altered frequently or without good reason. We have discussed the height of Mount 
Everest to show the degree of uncertainty attaching to it, but we do not propose to 
substitute 29141 for the long adopted and well-known value 29002.* 

It is probable that the accepted height of Kinchinjunga is, like that of Mount 
- - 

Deduction of the height of Kin- ~ver&t ,  too small : the following table shows how the 
chinjunga. height of Kinchinjunga has been deduced :- 

TABLE X.-Height of Kinchinjunga. 

If we examine the resulte, of the 6th column, which have not been corrected for. 
refraotion, we find that A11 the heights derived from observations at  low-lying statione 
exceed 28800 feet, and all those derived from observations made at hlgh altitudes 
are below 28410. Thc heavy atmosphere of the plains had greater refracting effecte 
than the rarefied air of the hills and raised the peak to a greater extent. 

Btrtlon ot olmewatlon. 

Durn- . . . . 
Thakurganj . . . 
a . . . : 
L[inei. . . . 
h i a i  . . . . . . . . . . . 
wm . . . . 

+ S r q  of Zndio, Pw/ed.&nal W p r  No. 9.1806. 
t The range of variation is the difference between the largest and smallest values of height in the aolumn above ; 

it is the maximum diecordance obtained and se such it furnishes evidenoo sa to the correctness of the refraotion 
w-efficient adopted. 

$ The extent of the rang of variation affords no useful information unless the same value for refractinn hss beerr 
employed throughout. By using selected valuer of refraction we can make all values of height identioal and have nct 
range of variation at all. 

-- - 
)I 3 

M 

rn 8 

- 

1 Feet. Feet. Feet. 
1fM7 307 . . 

204 28948 28138'3 . . E: / 238 29060 28128'6 . . 
. 1 W  228 116'174 29494 28162.5 . . 

1860 1 234 29483 28162'1 . . 116'631 
1 8 4 9  219 124'694 29661 28133.7 

1847 8599 60'158 i 28401 28138'8 2%3l . . 1847i 8874 44.907 28379 28162'3 28239 
-11 . . . 1847 10073 46'309 28370 28169'6 28220 
O ~ t o r y ~ ~ l l  . . . 1881 7162 46'720 28363 . . 28212 . . -- .---- - 
Maan . . . . . /  .. / .. . . . . 1 28146 

t 
28226 , 28296 ----- -- 

~.nge of vnriation in values 7 --I- . . . . 12% Misleading.$ 
I , I 1 4 1  122 

I 
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If no correction ;or refraction be applied,-the values of height vary from 28363 
t o  29661, a discrepancy of 1298 feet : the 7th and 8th columns show how this discrep- 
ancy can be reduced by corrections for refraction. 

The following table shows how the height of Dhaulagiri was obtained: no obser- 
Deduction of the height of Dhsut- vations have been taken to it from stations in the hills :- 

giri. 
TABLE XI.-Height of Dhaulagiri. 
- - - - --- -- - - - 

C 

f d 
% Z n 
t t i  5;" 

BtaUon of ob.srp.Uon. 4 -" 
"1 .. 

I E 5; 
- -  6" - -  - 

Mil is. Feet. Feet. Feet. . . . . . . .  Morairi 1848 334 105'976 27974 26791'0 27002 
Banarei . .1849 . . . . . .  Baonbaraa 1849 
Parens . .  1 1849 
Qheoa . 1849 . . . . . .  

329 
316 
299 
327 

W p u r  I 1848 376 
Annrkdi . 18481 434 -- 
Mecm . . . . . . I . .  I .. 

- --- 

96'626 
104'043 
106'800 
96'812 
104'461 
137'340 

27928 
28093 
28011 
27862 

.. . . . . .  RLnge of vanation in value8 I 1 . . 1 788 1 &sleading.t( 163 
-- - - -  

I 

The height 26796 is too low : the reductions made on account of refraction were 
too great. 

The observations in the North-West b a l a y a  of the great peaks of Kg, Nanga 
Parbat, etc., were taken not from low dusty hazy plains as those of the Nepalese peaks 
were, but from high stations, and the rays passed through a rarefied atmosphere. 

Deduction of the height of KO The height of Kt was deduced by Colonel Montgomerie 
as follows :- 
TABLE XI1.-Height of K2. 

. . I . . 1 26796 27062 -- 

26773'8 27128 
26830'8 27161 
26813'1 27044 
26776'6 27062 

27930 
28640 

26824'8 26988 
26766'6 27002 
-- 

1 =E$ 41% t3y; 
G I s  g F;;, I 

$a2 p 20 i 5% 0 
gzsa p~ 

obi? I 
P%i zsgp s" i .,,, ,,l,g, a" P 

-- - - 

I d 
3 

, 5 
I Bbtlon d o ~ t l o n .  

I z 
I i 
I 
- -- - - -  - -  - ' C 

- 
O 

2 
;. 
QZ 
;;i 
ti0 

I 
I 

S h a m  ti . . .  1869 
Biaohuthnsa . . . . . . .  1869 . . . . . . .  rtbndlsls : 1869 . . . . . . . .  Rantar I 1868 
Tharigo . 1866 . . . . . . . .  I Hanunukb 1 1866 
Kenuri-Nu . . . . . . . .  1867 
Barwai . . . . . . . .  1857 . . . . . . . .  Thalsnlrs 1867 

I Merrn . . . . . . . . .  . . 
1 Wge of vetlation in valuee . 17 
-- -- - - -- - 

The range of variation is tho difference between thc largest and smallest values of height in the column above; 
it is the m~r imum h o r d a n c e  obtained and as such it furnkhea evidence en to the correctuese of the refraction 
co-emcient adopted 

t The extent of the range of variation atforb no useful information unless the same value for refmotion has becm 
employed throughout. By using selected valuea of refraction we a n  make all values of height iQnti-1 end have no 
r-ge of variation a t  all. 

- I- - - -- 

E'eet. 
11631 
16746 
16906 
16983 
17246 
16001 
16437 
16304 
10830 

. . 

Miles. Fwt. Feet. , 
78.9 I 28640 

28246'6 , 
99'0 28546 28218'7 
68.6 28472 38240'0 
660 1 28680 28961'4 , 
61-84 28616 28264' 1 
136'6 I 2930 28293 ' 9 
114'3 1 289% 28218'4 
88'0 28866 28268 '5  
74'7 1 28613 93322' 7 -------- -- -- - 
.. 1 .. 28253 ----- 

. . 828 104 
- - 
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The following table shows the height of Nanga Parbat as deduced from the observ- 
Deductim of the baht of N- ations wing different refraction co-efficient8 :- 

Parbat. 

TABLE XII1.-Height of Nanga Parbat. 
-- -- - - - -- - . - 

H R O ~  arra ~ o n o 1  oo-unannra OF 
- - - -- --  . 

I 

0.01 0.02 0.08 0.04 0.05 0.08 OQ7 0.08 0.09 ' 0.10 
I 

------ - - - -  
FW~.  F .  w .  Fat. irt ~ w t .  I h . ~  Fat. ~ w t .  ~ e a t ,  , 

Ranee ot rub- *' 
It will be noticed that when a co-efficient of 0.10 is used, the height of Nanga 

Parbat as determined from different places varies between 26494 and 26622, a range 
of 1028 feet. 

This great variation shows that the co-efficient of 0.10 is inapplicable: with a 
co-efficient of 0.09 the height varies from 26734 to 26646, a range of 812 feet. The 
range of variation decreases, until with a co-efficient of 0.06 all the values of height fall 
between 26624 and 26749, a range of 126 feet. If we decrease the co-efficient still 
further to 0'04, the variations again begin to increase, and the range extends to 266 
feet, from 26664 to 26929 : if the co-efficient be decreased to 0'00 the range of variation 
becomes 11 14 feet. 

The actual height adopted by Montgomerie for Nanga Parbat was 26620, and 
we are unable to improve upon his value : it is produced if a general co-efficient of 0'067 
be accepted for refraction. 

Is the great Himalaya range still rising ? This is a queation often asked but which 
no one has been able to answer. The observations of 

The rise of the Himalaya. 
peaks made between 1860 and 1860 were not sufliciently 
- 

prolonged at any one station to enable us to rely with certainty on the values of 
height then obtained. When the absolute height of a peak is being measured, stations 
of observation have to be multiplied in order to cancel effects of refraction and 
gravity, but when a slow variation in height is being determined, it is better to carry 
aut long series of observations from one station only. In the latter case differences 
are being sought, not absolute heights, and all that is necessary is to repeat observations 

The nurge of variation is the differenoe between the largest and smallest values of height in the oolumn above ; 
it h the maximum discordance obtained and as such it furnishes evidence as to the con'e~tness of the refraotion 

w-etticient adopted. 
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from the same station, on the same days of the year, and under the same conditions, 
In  1905 a series of observations was commenced from the trigonometrical station of 
Nojli, and it is proposed to observe the heights of several peaks for some years and a t  
different seasons in each year. If a reliable seria of results be once obtained, a similar 
set of observations can be repeated at  a subsequent date and any actual change of 
height that has occurred in the interim may be discovered. 

The Siwalik range was elevated at  a more recent date than the Himalaya, and is 
the most likely of all the ranges to be rising still : a bench-mark has been placed on the 
crest-line south of Dehra Dun, and its height has been determined by spirit levelling : 
if the bench-mark is preserved, future changes in altitude should be discoverable. 

Slow changes in the level of land, unaccompanied by sudden movements, have been 
observed to occur along many coasts. At great distances from the sea such changes 
would take place without being noticed : without the aid of the sea as a datum we do 
not observe slow gradual movements, and a continuous rise of a foot a year might go 
on for centuries without attracting the attention of man. If an earthquake occurs 
and a tract of land suddenly subsides along a line of fracture in the crust, the result is 
apparent and measurable, but if the elevation of a large area takes place in all direc- 
tione gradually and without fracture of the crust or any marked upheaval it may be 
considerable and yet escape observation. In the Dharmsala earthquake of 1906 an 
immense region may have been elevated or depressed through many feet, but if the 
change were nowhere sudden we should not without refined trigonometrical observa- 
tions become aware of its occurrence. 
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ON THE FREQUENCY WITH WHICH PEAKS OF CERTAIN HEIGHTS TEND 
TO OCCUR. 

Lest this review should degenerate into tables of numerical data we have 
refrained from continuing the lists of peaks below 24000 feet, but in deducisg the 
continuity of ranges amid a vast mountainous area it is necessary to take into acoount 
the lower peaks. 

The following table shows the total number of peaks exceeding 20000 feet that 
have been discovered. The chart forming the frontispiece illustrates the ranges to 
which the several peaks of the table have been allotted :- 

TABLE X1V.-The numbers of peaks of different 
covered in Asia. 

altitude8 which have been dis- 

. 57 1 28 10 3 
. . . a 1  2 1 .. 

. 92 71 28 10 : 4 9 / 2 9  13 9 ---- 
f KailafJ, Weet . 9 8 5 . .  

KailafJ, East . . 11 12 .. 2 
Southern Lad&, Weet . 1 1  6 1 .. 
Tibet. 4 Lad& East . . . 11 12 5 .. 

I Ninohinthengla . 5 3 1 1  
zasksr.  . 2 0 1 1  6 2 

----- 

9 3 6 6  
. 15 35 33 17 
. 27 24 32 9 

(In Punjeb) . 7 6 2 2  ---- 

. 5 1 .. 

- - .  

Russian surveyors probably know of more peaks : exceeding 20000 feet than we 
have been able to allot to the Tian Shan and Trans Alai ranges : but they have only 
discovered one peak above 23000 feet,-Tenpi Khan (vide table VI ). The highest 
peak of the Trans Alai range is Kaufmann (table vi). 
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Twenty-seven peaks exceeding 20000 feet have been allotted in the table to t h e  
Aghil range : these peaks when plotted appear to stand between the Karakoram and 
Kuen Lun ranges, but they are insufficient in number to enable the intervening rangee 
to be traced : it is poBBible that some of these peaks belong properly to the Karakoram 
range and some to the Kuen Lun : no certain distribution can be made at present,. 
and the trend of the Aghil range as shown on the frontispiece chart must be regarded 
ae problematical. 

The single peak of the Ladak range that exceeds 26000 feet in height is Gurla: 
Mandhata : the great peak of the Zaskar range is Kamet : the a h e a t  peak of the Kailas- 
range is Rakaposhi. The Kailas and Ladak ranges have for convenience been divided 
into east and west sections at  lake Manasarowar. 

The totals in table XIV show us that more peaks of the fourth magnitude have- 
been discovered than of the fifth. Thk phenomenon: 

The dl& of anow upon heights. * 
is so striking that it is necessary to consider whether 

it can be due in any way to snow-fall,-whether there can exist some critical altitude 
at  which a maximum amount of snow tends to accumulate. 

The term snow-line " is the line through a mountain region along which the 
quantity of snow that falls annually is equal to the quantity that is melted annually ; 
below this line more snow can be melted in a year than actually falls ; above the snow- 
line more snow fall~ than can be melted. In the Kumaun Himalaya the snow-line 
was determined by General Richard Strachey to be 16500 feet on the south side of 
the great range and 18600 feet on the north side.* 

h we ascend above the snow-line, we find the depth of perpetual snow tending 
to increase, but we do not know at what altitude in any given region the accumulation 
becomes a maximum. As the altitude increases, less snow is melted in the year, but  
the amounts removed by wind and evaporation may for what we know to the con- 
trary be greater : the snow-fall moreover itself decreases with height, and at a certain 
altitude the decrease in fall begins to produce a diminution in the amount annually 
accumulated. 

The problem is complicated too by considerations other than meteorological. A 
flat-topped summit will accumulate greater masses of snow than a precipitous and 
pointed peak. Mo~intains such as K2, Nanga Parbat, or Rakaposhi are too sharp to- 
allow the snow to lie in quantity; as soon as snow falls upon them it descends in the 
form of avalanches to lower levels and hardens into glacier-ice. But the great W c h  
Mir group of peaks have rounded tops, which have possibly been formed by conatant 
mumulations of snow. 

The question is therefore not simply one of the balance of snow-fall and melting, 
for the shape of a peak is a most important factor. The peaks on which snow has 
been accumulating for centuries are those possessing flat tops, and as flat tops are 
not more likely to occur at  one altitude than at another, it is not possible to attribute 

Vide Sect,ion 19, Part I1 of this pper.  
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the great number of peaks of the fourth magnitude to excessive accumulations of snow 
at 26000 feet. 

In the Himalayan system of ranges the great peaks may be divided into twelve 
groups : in two the principal peaks exceed 28000 feet, 

Peaks of 24000 feet are cornpara- 
t i d y  rare. in five the principals lie between 26000 and 27000 feet, 

in three between 25000 and 26000, and in only two are 
the principals between 24000 and 25000.* 

In the Karakoram system the same paucity of 24000 feet peaks is observed : one 
group surrounds a principal exceeding 28000 feet ; seven groups surround principals 
of 25000 feet, and in two groups only are the principals of 24000 feet. 

In  the Himalayan system there are many groups of peaks the principals of 
which rise to 23000 feet : amongst others table VI shows Api (23399 feet), Badri- 
nath (23190 feet), Chumalhari (23930 feet), Dayabhang (23750 feet), Gauriaankar 
(23440 feet), Ser or Nana (23410 feet). 

So far then as observations have gone, peaks of 24000 feet have been found to 
be relatively rare, and principals of groups of that height very rare. At the same 
time the incompleteness of the trigonometrical survey has to be borne in mind; the 
peaks of Nepal were observed from very distant stations situated on the low-lying 
plains of India, and some are known to have been hidden from observers by clouds. 
A trigonometrical surveyor has no fixed observatory in which he can wait with 
patience for clear days : he has to observe from many stations in the course of a 
year, and has always to be moving forward. In observing important peaks he may 
consider i t  justifiable to delay for days to ensure that no great altitude haa been 
missed, but some of the minor peaks may be lost, if clouds are persistent. 

For weeks together the snow-peaks will be visible for a short time after sunrise, 
and then become obscured for the rest of the day by clouds or dust-haze riaing off the 
plains : the surveyor utilises the few minutes at  his disposal in observing carefully 
the principal peaks in view, but he has not the time to make an exhaustive study of 
the range. So long as the Nepal peaks have to be observed from distances of 100 miles 
the trigonometrical survey will remain incomp1ete.t 

In view of the known incompleteness of the survey, as a whole, a discussion of the 
numbers of peaks of the fourth and fifth magnitudes may be considered superfluous. 
But though the data are insufficient to justify conclusions being drawn, observed pecu- 
liarities are deserving of notice. The surface features of the solid earth do conform 
generally to the laws of probability : half the whole surface of the lithosphere is situated - 
within 700 feet of sea-level, and the highest heights and the deepest deeps occur very 
rarely. It was reasonable to expect that. we should discover more peaks of 20000 feet 
than of 21000 feet and more of 23000 feet than of 24000, and this we have done : but 
-- -. - - 

The aotaal number of Himabyan p u p  ie ten; b e t  and Gurla Mandhata mine the totd to twelva 
f The Kumamr and Punjab , b y 8  have however been very closely examined and the abmm ot peaks of 24000 

feet is mrnc marked than in Nepd 
Colonel Tsnnsr, who o b r v s d  the pa* of.Nepd from many different plaoea. with the objeot of eu 

"the Trigonometric81 SUI'VO~." , 

Fin= the previona obeervationa of the Great Trigonometr~cal Survey, wrote "Very few of the groat peaks -aped t e obeervers of 
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there is one striking exception to the rule,--the peaks of the fourth magnit& exceed in 
number those of the fifth. 

From present data i t  is difficult to calculate by the law of probability how many 
peaks of any particular altitude may be expected to 

Application of the law of probability. 
exist in a given region ; we have as yet no satisfactory 

basis. We cannot, for instance, take the peaks of 20000 and 21000 feet as our data 
and deduce from them the probable numbers of other heights, because we know that 
many peaks of 20000 and 21000 feet have escaped our surveyors and that our 
observed numbers are in defect of reality. 

We can calculate the probable numbers of peaks upon the hypothesis that all 
existing peaks above 26000 feet have been discovered, but this hypothesis is not satis- 
factory as i t  gives undue weight to the few highest peaks. 

Finally, we can take the peaks of 25000 and 26000 feet, and assuming that no 
others of such heights exist undiscovered, we can deduce the probable number of 
peaks of all heights. The objection to this hypothesis is that there are reasons for 
believing that the number of peaks of 25000 feet is larger than the law of probability 
would give. 

In the following table is shown the number of peaks of each altitude that the 
law of probability would lead us to expect to find :- 

TABLE XV.-Comparisons between probable and actual numbers. 

Height in feet. 

I 1, Probable I 
number of 

Probable number 
I I 

peaks on the Actual 
of peaks on the ae- Discrepancy aaaumption numbel Discrepancy 

between 
probable8 

and 
actuala 

sumption that there 
exist eleven 

between 26000 and 

above 29000 feet, 

Above 29000 ................... 
Between 28000 and 29000. 

... 1 ..... o . ,  
2 + l  ... ... .. 

. . .  2 ! ... -2 .. 
11 0 .. ..... .. 

.. 32 ..... 0 .. 

.. 27 .. -57 .. 

.. 62 . -156 .. 

. 146 . -398 .. 

. 250 -1052 .. 

. 354 --2642 . . 

1 ..... 
. . . . . . .  2 . . . . .  

..... 

I --- 

In the first half of this table the probable numbers are calculated on the asslimp- 
tion that eleven peaks between 26000 and 27000 feet exist and one peak of 29000 
feet. On this assun~ption the actual number of peaks below 25000 feet is shown 
throughout to be less than the probable number,-a deficiency that can only be regarded 

of 
peaks 
dis- 1 between that there exie of 

eleven peaks peaks 
prObabbs between 26000 dis 

thirty -two 

,, 37000 and 288000.. . . . . . . . .  5 
..... ,, 26000 and 27000. . 1 .  ..... 11 

27000 and one peak 

,, 25000 and 26000.. 
,, 24000 and 25000. 
,, 23000 and 24000.. 
,, 22000 and 23000. 
s I 21000 and 22000.. 
¶ ,  20000 and 21000. 

...... 23 ..... 
..... . . . . . . .  47 
..... ...... 93 
..... . . . . . .  179 

..... 335 . . . . .  
..... . . . . . .  607 

,covered. 

I 

and actuala and 27000 and covered 

between 25000 
and 20000 feet. 
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as reasonable seeing that many peaks of these heights are known to be still unobserved. 
The curious feature of this portion of the table is that the actual number of peaks 
between 25000 and 26000 feet exceeds the probable number by 9. The meaning 
of this excess is that the number of existing peaks between 25000 and 26000 feet is 
greater than would be expected from the number known to exist above 26000 feei. 

In the second half of the table the probable numbers have been calculated on the 
assumption that eleven peaks exist between 26000 and 27000 feet and thirty-two 
between 25000 and 26000 feet. The result of including these thirty-two peaks in the 
data is to increase greatly the numbers of inferior peaks : the increase becomes enormow 
if the table is extended down to 16000 feet,* and the numbers of peaks then shown as 
probably existing are clearly in excess of the actuals. The meaning of this excess i s  
that the number of existing peuks between 25000 and 26000 feet is greater than wozcld be 
expected / r m  the number believed to exist below 25000 led.  

Whilst then we recognise the insufficiency of our data, we think that the reaults of 
table xv are not without interest : we find from that table that the number of p e a b  
between 25000 and 26000 feet is unduly great, whether they be compared with those 
above 26000 or with those below 25000 feet. 

The height of the rock summit of a peak is the resultant effect of two forces,-(i) the 
force of compression which elevated the range, (ii) the erosive force which is lowering 
the range. The rock summit is covered by an unknown amount of snow. If we reject 
the snow-covering as i n s i m c a n t  in effect, we shall have to assume that the combined 
actions of the compressing and eroding forces have tended to produce in Asia an 
exceptional number of peaks attaining 25000 feet. 

Probable numbers of peaks :- 

Between lWOOand20000 . 
,, lSOOOand19000 . 
,, 17000 and 18000 . 
,, leOOOand17000 . 

B& of caloulation : 
eleven peah between 26000 

and 27000, 
thirty-two peaka between 25000 

and 28000 feet. 

Height in feet. 

Besis of calculation : 
one peak above 29000, 

eleven peah between 26000 
and 27000 feet. 
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ON THE GEOGRAPHICAL DISTRIBUTION OF THE GREAT PEAKS. 

One of the difficulties encountered in the classification of mountain-peaks is that 
absolute altitude is not a true indication of regional importance. 

The presence of a peak of 20000 feet that surpasses in height all other surrounding 
summits furnishes more instructive lessons than one like Jano (26294 feet), which is a 
mere projection from a buttress of Kinchinjunga. 

Peaks may in fact be divided into four clwes according to their relative local 
importance : 

(i) There is the principal of a group like Everest (29002 feet) or Tirich Ib 
(25426 feet). 

(ii) There is the twin of the principal like Kinchinjunga I1 (27803 feet) or Mer 
(23250 feet)---situated in close proximity to the principal and rivalling it 
in altitude. 

(iii) There is the companion like Makalu or Gasherbrum, which situated in the 
vicinity of the principal is 1000 or perhaps 2000 feet lower. 

(iv) There is the satellite like Jano or Kabru, 3000 or 4000 feet lower than the 
principal 

In the following table the great peaks of the Himalaya are divided into regional 
groilps : those that are twins are marked by an asterisk. The numbers of the peaks 
are taken from tables I to v of this paper. 
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TABLE XV1.-An analysis of the great paks  of the Eimdayan system. 

NnmbQ 
Helght. Posltlon of AMh peak In the group. 

e ~ s t  to wast 

Group I I  he emtern- 
[Kulhe Kangri). moat group 

3 1 No. 61* . . . 1 24740.1 

1 , * . . . rsao 3mo rua. N. N. W. of NO. 51. 

Group I1 140 milea west Na 3* Kinahinjuuga 1 28146 
(Kinohinjunga). of group I. 

,, 4* . . . ' 27803, leOOyardaS.B.EofNo.3. 
I I 1 ,, 10 Kambacben . 26782 i 1 mile N. of No. 3. 

Nota. 

63 miles wmt 
of group IL 

I 

I - - - - - - - 

9 No. 1 Mount Ev-t / 29002 

,, 6?dakalu . . 1 27790 

1 6 milea N. N. E. of No. 3. 

6 miles 9. of No. 3. 

- -  - 

A aingle pyramid. 

12 milea 8. E. of No. 1. 

,, 40 . . . 26202 16 milea W. N. W. of No. 1 and 3 miles from No. 6. 

., 74 aamlang . I 24012 ! 16 miles 8.8. E. of No. 1. 

1 ,, 6 . . . 1 26867 16 milea W. N. W. of NO. 1. 
Tlbetm side of the crest, that no other grest peak b within 10 
m h  of It, and thst 6 peab are crowded togather 16 mile8 w I 
the W. N. W. I t  is known thst the hat of the of the Ever 
ast group Is  incomplete : durtng the o b s s r v a ~ b y  the ~ w t l  
Tdgonometrid 8umey and mu uently during those by 
w o n *  Tamer, me group wra p e a t l  o h -  by dou* 
and some high pePlrs to the 8 W o f  Evemat were lost.1 
They were eeen ssvenl tlmas a n i  dbssrved more than once.1 
but thslr b p m  were not sufUclentl dh hed throogbl 
the hsrg atmosphere and smld the &tan= to admit of 
theh ldentllcatlon from two points. 

' ,. 17* . . . 2.6990 13 miles W. N. W. of No. 1 and 6 miles from No. 6 

1 ., 18. . . . 25909 I4 milea W. N. W. of No. I and 2 miles from No. 6, 
I 

,, 30 . . . 26433 1 20 miles W. N. W. of No.1 and 3 miles from No. 6. 

1 ,, 33 . . . ' 26413 12 miles E. S. E. of No. 1 and 2 miles from No. 6. 
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Out of the 76 peaks of &a that are known to exceed 24000 feet in height, 42 
have been distributed amongst the ten groups above and may be regarded as belonging 
t o  the Himalayan system. 

TABLE XVI1.--Summary of Himalayan peaks. 

No. of great pwka / 
NO. of group. i i Neue of group. 

I 

I1 

I11 

IV 

v 

VI 

VII 

VIII 

IX 

X 

Kulha Kangri 

Kinchinj unga 

Everest . 
Gosainthen 

Dhaulagiri . 
Kumaun . 
Kwhmir . 

Total number of great peaks on Himalayan range ' 4 0  

Total number 01 Trans-Himalayan great peaks I 

north of Kumaun group. 

I -- -- 

I Total 42 - 1  
We described on page 10 how few peaks were really peaked in the true sense of the 

word ; and of true peaks there is hardly one that can be accurately described as solitary. 
Nanga Parbat (26620 feet) is the most famous example of a solitary cone, but even 
Nanga Parbat has a companion (25572 feet) standing at  a distance of a mde and a 
sat,ellite (23170 feet) within 3 miles. 

Gurla Mandhata is often described as a solitary peak, but it has two satektea : 
one of these, 22846 feet in height, stands 2 miles N. of its principal ; the other is 22673 
feet and 3 miles E.N.E. 

Kamet appears on the charts to be standing alone on the border of Tibet, but the 
peak of Mana (23862 feet) is within 3 miles of it. 

The accompanving plate contains two drawings by Colonel George Strahan, R.E. 
That of Nanga Parbat furnishes a fine example of a solitary peak. The other shows the 
twin peaks of Bandarpunch with their connecting ridge resembling a suspended chain ; 
these twin peaks are 3000 yards apart and 20720 and 2.00 7 feet in height respect,ively. 



; 01 the great peaks of Asia the thirty-three that stand north of the Indus may be considered as belonging to the Kara- g 
koram system. f In the followirlg table they are divided into regional groups. Throughout this system twin peaks are a common 
form of summit; they are marked with an asterisk in the table. The distinguishing numbers of the several peaks are taken from 
tables I tto v of this paper. 

TABLE XVII1.-An analysis of the great perrks of the Karakoram system. 

- 

t For name gU.komm " 8W Bectlon 18 O! Put n. 

Positlon of each peak Ln the group. 

5 milee 5. E. of N a  41. 
3 milea 5. E. of No. 41. 

ppp 

- - - - - - - - - - - - - - - - - -- 

Oro11pS M 
numbered 

east to west 

~ r o u p  XI 
(Shyok Nubm). i 

W 
0" 
!4 

;E) 
P 
W 
r/l 

0 
% 

k 
F 

Notes. P ~ ~ l t l o n  of 
gmup. 

SetweenShyok 
and Nubra 
rivere. 

Group XI11 . 

( P u f  XIV RTS oram). 

~ i m u p  XII . 

Helght. 

Feet. 
25170 
24060 
24690 

iiambn / 
of great 
psokn Ln 

Breat palrs* 
the group. 

-- 

3 

36 ~nilas from No.34*Kl; . 26400 Within f a mile of one another. 
No. 52. ., i* Kll  . : 1 25280 1 

,, 63 K" . . 24370 13 milea 8. E. of No. 34. 
- -  

I 
2 2 d e s v e s t  of 8 N o  2 K' 

I 
Gasherbrum furnishpa the only instance amongst the 

group XIII. great peaks of so many as 4 of equal altitude being 
situated on one ridge. Two of the peaks Nm. 12 
and 14 are within 1200 yards of one another, a 
third No. 16 lies in the alignment 2 miles to the 

B) miles weatof / 1 I N~ 52 - 
group XI. 

No. 41 .. 56* . . . 
,, 57* . . . 

s# 22* Mderb~m .. a* . . . 

24090 

east, and a fourth No. 11 liee two milea to the west. 

P d r ~  Nm. 22,24 and 46 are situated in the prolo 
tion of the alignment in which the g roup  %; 

18 milea S. of K'. 
11 miles 8.8. W. of Gasherbrum. 
16 milee E. 5. E. of Masherbrum. 

26810 
XII  and XI11 are ranged, but Ke and the four 
Gasherbrum peaks are situated on a parallel align- 
ment some 15 or 16 milee to the N.E. It is 
possible that the summit of the range is corm- 
ated, and that  there are two distinct folds, the 

&asherbrum peah standing on the one, the Masher- 
brum on the other. The Ksrskaem p u p  is very 
complicated : ite seven pe& lie on the perimeter 
of an oblong area, which extends for 16 miltm. 
in the direction of the range end for 18 miles astride 
the range. K2 is a t  the northern corner of the 
oblong, h h e r b r u m  is a t  the weatern corner and 
Gasherbrum a t  the eastern oorner. No great peek 
has been dimovered imide thia uea 

18 milea 5. W. of ~ 1 .  ] 



Paltlon of each peak In the group. Notes. 

XVI 22 milea west of 
Kunji). group XV. 

I 
2 milea N. N. W. of No. 36. 

11 milea E. S. E. of No. 36. 
13 milea E. S. E. of No. 35. 

/-j-__-- I 
, There are many  peak^ of 22000 and 23000 feet in this 

group. A curvilinear alignment of peahe exceeding 
20000 feet can be traced westwards from tho Hun- 
Kunji group for 80 milea : it ia then broken by the 
Kunar river, but the continuation of the alignment 

; can be traced for a further 60 miles as far as the great 

I 
group of Tirioh Mir. 

-- 

Feet. 

25460 Oupxv m i l  t o  
( j u t ) .  group XIV. 

I 

Qroup XVII 140 milea wmt 4 ' ~ a 3 2 T i r i c h M i r  . 1 25426 
(Tiioh Mir). of group XVL ' ,, 66 * . . . 24611 10 milea N. of No. 32. 

1 
,r 65". I 24343 9 miles N. N. E. of No. 32. 
,, 69 Sad bh&h . 24171 26 miles N. E. of No. 32. 

I 

I 
I 

I 

3 i No.% . . . 
,, 68 . . . 

, ., 71 . . . 

I 
To the weatward of T i c h  Mir no great p k a  have 

1 been discovered. 

24580 10 milea W. of No. 28. 
2409'31 P1pileaW.N.W.ofNo.!&. 

Qroup XVm I Between the 1 3 NO. n~.t.p.bi . 
Indus river and ,, 60 - 

I the Karakoram ( . eS~aram&h : 
25660 
24470 ( 26 miles E. S. E. of No. n. 
24270 32 milea 8. E. of No. 27. 

I 1 G ~ U ~ I ~ X  1-t of h e  3 1 No. 42 Kungur . . 26146 
(Kmbgar). Pamir plateau ., 48 . 28046 7 milea E. 8. E. of No. 42. 

o , 62 3fustagh'~t.a / 24388 1 28 milea 8.8. W. of No. 42. 

amup XX I ~ o r t b - ~ a t  ~ & e l  1 1 NO. 66 Kuen Lun ( (."en Don). I I =I 

This group stands north of the Indw. but south 
of the I<nrnkornm rnngc : its peaks am separated 
hy SO pent  tltstnnceq t hnt they can hardly be de. 
scrihd na composingone group : they ere however all 
sit~lated on the snmr rnnge, and are the only great 
ptaks of that rnnzo : thry can therefore be oonve. 
niently clwsed together. On the kontkpieoe chart 
this rnngo hns bccn desipntml the Kailee range. 

These three he tare on the Kmhgar range (eee 
frontispiece cL) ; they are iaolatal. beiig 140 milea I 
from the neareat group. I 

The only penk of the Kuen Lun range that hss been 
found to exceed 24000 feet in height. 
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l'he ten groups of the Karakoram system may now be summarised :- 

I XVI Hunza-Kunji . 
I 

TABLE XIX. -Summary of Karakoram peaks. 
---- - - --- 

No. of 1 Name of group. 
No. of great p e s h  

group. , ex- 24000 feet, 
- --- 

I I 

( XVII , Tirich Mir . 

XI 

I 
XI1 

Total number of great peaks on the Karakoram range . 26 

Shyok Nubra . 

I - -- 
1 I 

I XVIII Great peaks between the Indus river and the Karakoram l 
range 

I . !  
3 

XIX & XX , Great peak8 north of the Karakoram range . 
I - 1  

4 

I---- I 

I 
XIV Karakoram . 

I 

XV Kunjut . 
I 

I 

I 
Total number of great peaks in the Karakoram system . 

- 1  
33 

Colonel Tanner has pointed out that the impbsing appearance of a peak depenh 
not on absolute height but on the amount of its slope exposed to view, and he gave 
the following table of peaks which he had observed, to show the superiority in 
appearance of Nanga parbat. 
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TABLE XX. 

1 N~me of peak. 

Mount Evereat . . 

i 
I Mount Evereat . 
I 

I 

1 Makalu . 1 

An seen from 
1 Height of ' 

I 

I I 

Purnea, Bengal . 

i 
i Makalu . 

/ Nanga Parbat 

/ Kinohinjunga . I 
I 1 

1 -  

I 
Sandakphu on Singalila ridge . 

I 

I 
I 

Purnea, Bengal . . I  

Sandakphu . 
I 

From the right bank of the Indue . 
* . I  

On the road from Gilgit to Chitral . 

Darjeeling . I - - - - - .- - . 
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THE GEOLOGY OF THE GREAT PEAKS. 

In dealing with the great peaks the geologist is a t  no small disadvantage as com- 
pared with the surveyor, whose instruments enable him to work from a distance and' 
to fix with accuracy the position and height of the object of his observation. The 
geologist, on the other hand, must toil arduously up the mountain sides, examining 
a t  close quarters such outcrops of rocks as he can find clear of snow, and, where further 
progress is barred, must depend for his information on fallen fragments, splintered 
from the cliffs above and brought down by avalanches and glaciers to form moraines 
and talus heaps. Thus the composition of the highest peaks is rarely known in any 
detail, but the general cbaracter of the rocks can be ascertained, with a fair approxi- 
mation to certainty, from observation of the material on their flanks, and from a 
distant view of the weathering characters and apparent structure of the peaks them- 
selves: i t  has thus been found that almost all those of 25000 feet or more in height 
are composed of granite, gneiss, and associated crystalline rocks. 

Of the granite there are a t  least two varieties, a foliated rock composed essen- 
tially of quartz, felspar, and biotite (black mica), and a younger non-foliated form 
containing, in addition to quartz and felspar, white mica (muscovite), black tourma- 
line, beryl, and various accessory minerals. The former variety was long regarded as a 
sedimentary rock which had been converted by heat and pressure into gneiss, but i b  
truly intrusive nature was recognised by the late Lieutenant-General C. A. McMahon,* 
who proved conclusively that the great central gneissose rock of the Himalaya was 
in reality a granite cruahed and foliated by pressure. This rock is frequently pierced 
by veins of the second or non-foliated variety, and where these run parallel to the folia- 
tion planes, they lend to the series a deceptive appearance of bedding and cause it, 
when seen from a distance, to be mistaken for a mass of stratified deposits. This 
is a common characi;eristic of the higher peaks and may be noticed in many of the 
granitic masses of the great Himalayan range. 

Although our experience leads us to assume that all the highest peaks are corn- 
poses iargely of granite, many more observations must be made before this can be 
positively asserted to be the case. Thus the most important mass of all, the Everest 
group, is stiil a blank on our geological maps, and so also is Kulha Kangri in Bhutan, 
Between these two, however, we know that all the most important peaks are famed 
of granite. Thus Chumalhari (23930 feet) is composed of foliated (gneissosej granite 
penetrated by veins of the non-foliated variety, and flanked by the altered representa- 
tives of slates and limestones metamorphosed by the granite which has been forced up 
through them from below. Further to the west, the Kinchinjunga group is also formed 
of granite,? flanked by metamorphic rocks certainly in part derived from pre-existi% 

- - - - -- - - - -. - - . -- - -- 

* Recorda, Gedogical Survey of India, Vol. XV (l882), p. 44, Vol. XVI (1883), p. 129, and 
Geologicul Magazine, Dec. 111, Volume 4 (1887), p. 215. 

t E. J. Ganvood in D. W. Freshfield's Round Kangchenjunga (1903). 
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sediments but re-arranged and recryshllised by heat and pressure and converted into 
various forms of gneiss and schist. Owing to the rigid exclusion of British travellers 
from Nepal, we know little or nothing of the geological characters of the hiehest moun- 
tain in the world, since practically the whole country is atill unsurveyed. It is prob- 
able, however, that, like Kinchinjunga, the Everest group is composed chiefly of granite 
and gneiss. 

To the west of Nepal we are on surer ground, since both Kumaun and Garhwal 
have been geologically surveyed. Here again the high peaks, such as Nanda Devl, 
the Kedarnath group, and Kamet,* are all composed of granite and gneiss with gneiss 
and schist on their flanks. The same may be said of most of the high peaks of Kash- 
miry includmg Nanga Parbat, Rakaposhi, and K2,t while granite is also probably the 
prevailing rock on Muztagh Ata and the other high peaks of the Kashgar range. 

This correspondence between the great elevation and the geological structure of 
the high peaks appears to be too constant to be attributable to mere coincidence, and 
we are forced to the conclusion that their exceptional height is due to the presence of 
granite. This may be explained on two separate grounds, either (a) that the superior 
power of the granite to resist the atmospheric forces tending to their degradation has 
caused them to atand as isolated masses above surrounding areas of more easily 
eroded rocks, or (b) that they are areas of special elevation. 

If now we examine the relationships of the peaks to one another, we find that 
along certain definite lines the intervening areas are abo frequently composed of the 
same granite as the peaks themselves, and if we follow these definite lines we further 
find that they constitute the axes of the great mountain rangee. Thus the great 
, eaks lie on more or less continuous and elevated zonea composed of granite and . 
crystalline rocks, and since the lower portions of the zones are of the same composition as 
the peaks themselves, i t  is difficult to regard the latter merely as relics of a once continu. 
ous zone of uniform height, and it seems probable that special elevating forces have 
been a t  work to raise certain parts of the zone above the general level of the whole ; when 
once such elevation has been brought about, the dieparity between the higher peaks and 
the intervening less elevated areas would undoubtedly be intensified by the destruc- 
tive forces at work ; the mantle of snow and ice, while slowly carrying on its own work 
of abrasion, will serve as a protection for the peaks against the disintegrating forces of 
the atmosphere, whilst the lower unprotected areas will be more rapidly eroded. 

By the assumption that the higher peaks are due to special elevatory forces, i t  is 
not intended to imply that each peak is the result of an independent movement, for it 
has already been shown in a previous section of this paper that the peaks occur in well- 
marked clusters, any one of which may cover an area of many hundred square miles : 
when, therefore, during the development of the Bmalaynas a mighty mountain range 
vast masses of granite welled up from below, forcing their way through and lifting up 

C L Oricabach, Xestoira, Cedwjicd Survey o/ Indiu, Vul. YXLII (18SI ). 
71:. Lydekker, dienwir~,  Cedopicul Surrey of India, Vol. X U  11883). 

El 
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the preexisting rocks above, it is probable that owing to dmmhity  of composition 
and structural weaknesses in certain portions of the earth's crust, movement was more 
intenee a t  some points than a t  others, and that the granite was locally raised into more 
or lass domelike maeses standmg above the general level of the growing range : these 
massea were eabsequently carved by the process of erosion into clusters of peaks. 
Whether the devatory movement is still in progrem it is not at present possible to say. 
but many phenomena observable throughout the Hima1;rya and Tibet lead us tn infer 
that local elevation has until quite recently been operative, and the numerous earthquakes 
 till occurring with such violence and frequency forcibly remind us that the Himalaya 
have by no mean8 reached a period of even comparative rest. 
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PREFACE 

N 1807 a Survey detachment was deputed by the Surveyor General of Bengal to I explore the source of the Ganges: this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating 
and we have a t  length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : i t  is therefore desirable to review our present position, to  
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice a t  the meeting of the latter in May 1906. The pro- 
posal was as follows :-" The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
" these regions. It is therefore proposed to compile a paper summarising the geographi- 
" cal position a t  the present time." 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows:- 

PART I.-The high peaks of Asia. 
PART 11.-The principal mountain ranges of Asia. 
PART 111.-The rivere of the Himalaya and Tibet. 
PART 1V.-The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
as possible complete in itself and will be published separately. The first three parts 
are mainly geographical, the fourth part is wholly : the partvs are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 
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The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part 11, when the range was being described, and have 
been mentioned again in Part I11 under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors wil l  doubtless 
be found in what we have written and drawn : i t  is not possible yet to arrive a t  correct 
generillisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in loot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which t he j~  have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 
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THE P R I N C I P A L  MOUNTAIN R A N G E S  ASIA. 

ON THE ORIGIN OF MOUNTAIN R.ANGES. 

T HE surface of Central Asia appears to consist of two primary elevations of the  
crust, separated by a trough-like depression; the 

floor Of a southern elevation is the plateau of Tibet, the northem 
has been raised and wrinkled. 

is the Tian Shan chain, the intervening depression is 
the Tarim basin (see frontispiece, Part I). A second trough is to be seen south 
of the Tibet plateau, separating that plateau from the ancient Vindhya mountains ; i t  
is now filled with alluvium and constitutes the plains of Northern India. 

These two wide elevations of the crust and their complementary depressions form 
the basis of the mountains of Asia. 

Until a comparatively recent date in the geological time-scale-the middle ter- 
tiary epoch-all the northern part of what is now the Himalaya, and probably the 
whole of Tibet were covered by a great sea,* in which deposition of sediment had con- 
tinued for a vast period. At length, owing to forces, the origin of which we can a t  pre- 
sent only conjecture, a period of crust-movement set in and the floor of the Tibetan 
sea began gradually to rise and to be thrown into a series of long parallel wave- 
like folds. 

As the crests of the earth-waves rose from the waters of the sea, they were eroded 
by rain and weather, and the rising land became broken and irregular : drainage 
basins were carved out of its flanks and a river system, composed of " transverse" 
valleys, was gradually developed. As elevation continued, the troughs of the folds 
emerged and a series of " longitudinal " valleys was established a t  right angles to 
the transverse valleys and parallel to the longitudinal axes of the folds. From 
a combination of the concurrent processes of elevation and erosion, the existing moun- 
tain systems of the Himalaya and Tibet have been slowly evolved. As denudation 
has proceeded, deeper and deeper parts of the crust have been laid bare, but the forms 
of many folds can still be traced and the trends of their longitudinal axes followed 
for long distances. The folds, although analogous to waves, more nearly resemble the 
breakers on a beach than the swell of the open sea ; the form of their surface is rarely 
that of a simple arch and trough ; fold has been superimposed on fold, arches have 
been overturned until they are almost horizontal, and whole areas have been so distorted 
and crumpled, that the details of structure can only be unravelled with difficultv. 
Where the stress has exceeded the breaking-strain of rock, the structure has been corn- 

- - -- - - - - - - - - - - -- -- 

*This old sen of a previous peolog~ral age once covered much of Europe ah well a.3 Centrnl Asla and has been namc3 :\. 
Suew the # '  Tctliys," Natural Scic~ra, Vol. I1 (1893), p. 183. 
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plicated by fracture ; parte of the crust have in some cases subsided, and in others been 
moved horizontally. Nor are these the only causes of complexity, for along many of 
the planes of weaknoas and fracture molten material has been forced up from below, 
and has partly absorbed the original sediments. 

Though the origin and nature of the forces which produced the Himalayan 
mountain system are not subjects which fall within the 

that raised the moun. scope of this paper, i t  may not be out of place to allude 
trins. 

briefly to the more important theories that have been put 
forward to explain the cause of folding. 

The great series of parallel plications in Asia are supposed to have been caused 
by a horizontal t h t  from the north: the sediments of the Eurasian sea were 
forced against the northern coast of the once continuous Indo-African continental 
mass which stood like a buttress in the path of the advancing earth-waves. The 
following hypotheses among others have been advanced to account for the origin 
of such a thrust :- 

(a) Contraction of the earth. 
(b) Disturbance of isostasy. 
(c) Change in the rate of the earth's rotation. 

(a) Contradion of the earth. -This hypothesis is based on the assumption that the 
earth as a whole is contracting in volume, owing to loss of heat or other causes, and that 
the rate of contraction of the inner nucleus is greater than that of the crust ; the latter 
is thus left unsupported and becomes wrinkled, when adapting itself to its reduced core. 
Although this theory has met with wide acceptance, it has been adversely criticised by 
many authorities chiefly on the ground of the inadequacy of any known cause-whether 
i t  be gravitation or loss of heat-to produce contraction on a sufficiently large 
scale to account for the observed folding.* 

The extent to which the surface of the earth has been contracted by folding appears 
to be considerable ; it has, for instance, been calculated that the folds of the Alps 
represent a contraction of 74 miles, and it has been roughly estimated, that the ori- 
ginal surface of Asia has been shortened by wrinkling between Siberia and India by 
a t  least 100 miles, and by possibly as much as 400.t Estimates of the contraction of 
the surface of the earth from the observation of folds are, however, of doubtful value. 
Even in areas of which the structure is known in greatest detail, the problem cannot 
be solved by simple measurements, for folds of strata have, in certain cases, been found 
to indicate stretching rather than contraction, and i t  is impossible to tell how far the 
one effect has balanced the other.$ 

(b) Disturbance of isostaq.-This hypothesis was put forward by Captain C. E. 
Dutton in the pear 1889.8 The term " isostasy " may be most suitably explained in 

- - . - - 

Vidc Rev. 0. Fisher's Phyries 01 fhe Eurth'a Cruut. 
t In the Sub-Himalaya U S. Middlemiss found a contraction of 8 milee in 19. dienwira,  Gedopud Survey of In&, 

VoL XXIV, Part 2, p 77. 
1 In the E l * .  M t s ,  Q. K Qilbrrt found that a bed of sandstone hed been stretohed by ,700 feet in a diitance of three 

miles. Repon on the 0-1 of the Henry Mb.. U. 8. Dtpcrrhent of the Znlerior, 2nd Edition (1880). p. 76. 
DuU. Phil. Boc., Wuuhingh. Vol. XI (1892), pp. 61-64. 



THE PRINCIPAL MOUNTAIN RANGES OF ASU. 49 

Dutton's own words : " If the earth were composed of homogeneous matter its normal 
" figure of equilibrium without strain would be a true spheroid of revolution ; but if hetero- 
" geneous, if some parts were denser or lighter than others, its normal figure would 
"no longer be spheroidal. Where the lighter matter was accumulated there would 
" be a tendency to bulge, and where the denser matter existed there would be a tendency 
" to flatten or depress the surface. Por this condition of equilibrium of figure, to which 
" gravitation tends to reduce a planetary body, irrespective of whether it be homo- 
" geneous or not, 1 propose the name iso8tasy. We may also use the correapondirrg 
" adjective hoetat&. An isostatic earth, composed of homogeneoue matter a ~ d  without 
" robtion, would be truly spherical. But if the earth be not homogeneous, if some 

near the surface be lighter than others, then the isostatic figure is no longer 
" a sphere or spheroid of revolution, but a deformed figure bulged where the matter ie 
" light and depressed where i t  is heavy." 

The presence in mountain ranges of messes of shallow-water deposits, having 
a vertical thickness of many thousand feet, without break of continuity, proves that 
during vast periods of time deposition of sediment took place in seas of which the depth 
remained constant ; this could only occur if the sea-floor continued to sink porn' passu 
with the deposition of sediment. Observations have also shown that the adjacent land 
surfaces, from which the sedimentary material was being taken, wer2 gradually rising 
and Captain Dutton was led to conclude * that " these subsidcilces of accumulated 
" deposits and these progressive upward movements of eroded mountain platforms 
" are, in the main, reaults of gravitation restoring the isostasy, which has been disturbed 
'* by denudation on the one hand and by sedimentation on the other " ; that is to say, 
the eroded portion becomes lighter and rises while the loaded areit becomes heavier 
and sinks, isostatic equilibrium of the crust of the earth being analogous to hydro- 
static equilibrium in a fluid. A cauee has thus been suggested for thc sinking of the 
sea-flook on the one hand and the rising of the land on the other ; but in order to 

explain the folding of the deposits laid down, i t  is necessary to take R, step further and 
assume, as Dutton has done, that as sediment accumulates, the lower layers, owing to 
the pressure of the overlying material, acquire a certain amount of plasticity, and that 
there is produced " a true viscous flow of the loaded littoral inward upon the unloaded 
" continent"; such a process might tend to form long parallel plications following the 
trend of the coast-line. The theory of isostasy however does not account for the rise 
of the sea-floor and its conversion into a continental mass ; in fact, as enunciated by 
Dutton, it tends rather in the opposite direction, and its author expressly stated that 
"the theory of isostasy offers no explanation of these permanent changes of level." 

So fw as the Himalaya are concerned there are grouncis ior believing that isostasy 
is operative and has been an important factor in mountain-building at lea& during 
the lat.er stages of growth of the Siwalik range,? but the hypothedis in its present form 

Op. Cit., p. 56. 
t Rev. 0. Fisher: Phymu of the Earth's C m t  (1889), and 
C. 3. Uddlemiaa : dfenoire, Geological Survry of Indto. Vol. XXlV. Part  2 (1889). 

K- 2 
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undoubtedly seems inadequate to account for the uplift of the northern ranges and 
of the Tibet plateau. 

(c) Change in the rate of the earth's rotation.-The rate of the earth's rotation 
was formerly greater than it is now and, as the figure of a rotating body depends on 
its rate of rotation, any change in the latter will be accompanied by a change in the 
former. Retardation of the rate of rotation produces a more perfect sphericity, and 
tends to reduce both the excess of matter at  the equator as well as the deficiency a t  
the poles. The strains thus set up might produce a wrinkling of the crust, but can 
h:-trdly be held to account for the general plication of the surface of the earth. 

Other theories have been propounded to explain the origin of mountain ranges, 
but all are open to objections. Theories, that attribute surface-folds to changes in the 
position of the earth's axis, cannot be given any weight, for although such changes 
are known to take place, they have so far been found to be very small.* The theory 
ascribing the elevation of the sea-floor to the expansion, which i t  undergoes from heat 
when it becomes buried under layers of sediment, has been fully discussed and dis- 
carded by Middlemiss.? 

. - - -  - -  - - - - - - - - 

Prof. Albrecht : 881ron. Nadr, No. 3619, abstracted in Nafure, Vol. 58 (1898). p. 42 
t C. S .  Middleruh : diemire ,  Qedogieal Surv~y of India, VoL XXIV, Part 2 (1890). 
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OBSERVATIONS OF THE PLUMB-LINE AND PENDULUII. 

Observations of height cannot be trusted to show the original axial alignment of 
a mountain rangc. In the case of a recent range like the Siwalik, the highest peaks do 
perhaps overlie the axis of elevation, but in the course of years rain and rivers dis- 
figure the original form to such an extent, that when ranges are old, their highest points 
afford no clue as to the original configuration. Geologists have often found from 
examinations of the lie of rocks, that a row of peaks, which appears to trigonometrical 
observers to be a range, marks the line of a former valley, and that the original hills 
on either side have all been washed away. 

Just as geological studies of rocks have upset conclusions derived from surface 
measurements, so have observations of the plumb-line and pendulum shown that the 
structure of mountains is more complex and deep-rooted than investigations of surface 
rocks would lead us to suppose. 

A plumb-line, as is explained in Part I, is a string hanging under the influence 
of gravity. A cord stretched by a hanging weight is forced to avsume a vertical position 
by the attraction of the earth upon the weight, but if a mountain is situated on one 
side, and a flat plain or deep sea on the other, the plumb-line does not coincide with the 
normal to the spheroidal surface of the earth but is deflected towards the excess of mass. 
If the crust of the earth were homogeneous, and if no mountains nor hollows existed 
a t  the surface, the plumb-line would everywhere coincide with the normal.* 

The earth is so large compared with mountains, that attractions exercised by the 
latter have but slight influence upon hanging weights, and deflections of the plumb- 
line are always small. Nevertheless deflections do exist, and by studying them 
we are able to calculate the excesses and deficiencies of mass hidden in the crust. 

In  many places in Southern India the plumb-line undoubtedly coincides with 
the normal, but deflections of 3" and 4" are also common. Near Bangalore a deflection 
of the plumb-line of 7" towards the south has been discovered ; a t  Deesa one of 8" 
towards the north, and a t  Bombay one of 10" towards the north. At none of these 
places are there mountains sufficiently high or near to cause so large deflections of 
gravity, and the sources of disturbance must be subterranean.? 

Between 1830 and 1840, when the trigonometrical survey was first extending its 
operatione across the plains of Northern India, Sir George Everest found that the 
attraction of the Himalaya mountains was not appreciable, even when they were actually 
in view. Everest's station of Kaliana near Muzaffarnagar is 40 miles from tbe outer 

* For definitions of the words normal and ~did see Part I, footnote to page 24. 
t Deflections of the plumb-line are determined from astronomical observationq, and are relative to sonre assumed datum. 

The values given in this paper urc takeu from The intenaily and dirrdion o/ the force of gruvily in India, Philomphj& 
Tronaodkna of tk Royal Socicly, Series A, V O ~ .  206 (1905). 
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hill& and 120 miles from the line of great peaks, and a t  this point the plumb-line is 
only deflected 7" towards the Himalaya. 

In  1852 Archdeacon Pratt of Calcutta calculated what the effect of Himalayan 
attraction should be a t  Kaliana according to the laws of gravitation, and he found 
that the plumb-line there ought to be deflected 27" towards the north. Seeing how large 
a deflection was indicated from theory, and how small the actual deflection proved to 
be, Pratt devised his famous hypothesis of " mountain compensation " . He explained 
the difference between the theoretical and the actual deflection by assuming the moun- 
tains to be " compensated". In  all parts of the earth's crust, he mid, the amount of 
matter is the same. " In the land portions of the earth's surface," to quote his 
own words, " there is a deficiency of matter below the sea-level approximately 
" equal to the amount of matter above i t  : below ocean beds there is an excess of 
" matter approximately equal to the deficiency of matter in the ocean as compared 
" with rocks." Pratt's theory, like the modern theory of isostasy, assumed that 
mountains were being supported not by the rigidity of the crust but by the buoyancy 
of light matter floating in a denser medium. 

As the operations of the trigonometrical survey have come to be extended to the 
foot of the Himalaya, it has become increasingly evident, that these mountains are not 
compensated-at any rate not completely-by underlying deficiencies of density. At 
the foot of the hills north of Kaliana great deflections of the plumb-line have been 
observed-at Nojli 13", at nehra Dun 37", a t  Rajpur 47" : a t  Siliguri in Bengal the 
deflection is 23". Throughout the out41. Himalaya themselves large deflections prevail,- 
a t  Kurseong 51". a t  Tonglu 42", at  Birond 44", a t  Mussooree 37". These deflections 
all go to show that the Himalaya mountains must be exercising a more powerful 
attraction than the observations at  Kaliana and other similarly situated places had led 
Pratt to believe. 

The problem that confronted Pratt was,-Why do the Himdaya exercise no atlrac- 
tion at Kaliana ? The problem that has confronted his successors has been,-How can 
the Himalaya exercise a powerjzcl attraction at Dehra Dun, and yet cause bplt a smaU 
deflection at Kaliana, only 55 miles south of Dehra Dun ? 

If the attraction of the Himalaya is capable of producing a deflection of 37" a t  
Debra Dun, i t  will produce a deflection of 18" a t  Kaliana, and one of 1.5" at  Cape 
Cornorin, the southernmost point of India.* The attraction of a great mountain 

must decrease with distance in accordance with the laws of gravitation, and 
cannot die suddenly awax. 

It was suggested by General Walker that the deficiencies of matter underlying 
the Himalaya were situated so many miles below the surface, that their effect on a plumb- 
line a t  Debra Dun was small and a t  Kaliana great-that their presence compensated 
the visible Himalaya when observed from the distance of Kaliana, but not when observed 
from a near station like Dehra Dun. But this hypothesis did not satisfy mathematical 
tests ; the actual effects of compensating deficiencies were calculated for a great 

- -- - - - -- - 

+ M o d y  Notices, Royal Aatrmwmd Society, January 1902. 
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many assumed depths, and no depth could be found, a t  which the deficiency would be 
compensating for Kaliana and not for Dehra Dun.* 

The explanation of the observed phenomena, that is now accepted, is that an in- 
visible chain of excessive density, parallel with the Himalaya, is underlying the plains 
of northern India : this buried chain is 150 miles distant from the foot of the mountains ; 
a t  stations like Kaliana the southerly attraction of this chain is counteracting 
the northerly attraction of the Himalaya; a t  Dehra Dun, where the Himalaya 
are near and the buried chain is distant, the effect of the latter is not very apparent, 
but as we move southwards, the attraction of the visible mountains to the north de- 
creases, and that of the invisible mass to  the south increases. The suddenness with 
which deflections of the plumb-line decrease aa we recede from the Himalaya 
is due to the presence of a southern and subterranean source of opposite attraction. 

I n  1903, pendulum observations were commenced in India in order to teat the 
correctness of the conclusions that had been drawn 

0bservatio.u of the Pendulum. from observations of the plumb-line.? The plumb-line 
shows the direction in which gravity is acting, the pendulum shows the strength 
with which it pulls. Deflections of the plumb-line are due to the h i z u n t d  attractions 
-of surrounding masses : observed differences in the strength of gravity are due to 
variations in the verticd attraction of underlying masses. 

When a pendulum is being observed, the time in which i t  makes one vibration 
has. to be measured : if this time is shorter than the normal time, gravity is strong in 
that locality ; if the time is longer than the normal time, i t  is a proof that gravity 
is weak. If the force of gravity is found to  possess exceptional strength, there must 
exist an excess of matter in the crust underneath the pendulum station : m d  if 
gravity is exceptionally weak there must be subterranean deficiencies of density. Thus 
the pendulum indicat,es to what extent the local crust differs from the normal crust 
in density. 

The following tables show the results obtained from pendulum observations during 

I - - 1 I 

Jfonthiy Ndicrs, RopL Astrononad Society. Jenusrg 1902, page 183. 8nd S u r ~  O/ India ProfwSi0~1 paper 
80, 6, 1901. 

f P A s i b q A i c d  TraRsadww of the Royd Society, Series A, V d  i96 (1806). 
2 See &jar Lenox Conyngham'a reporb on the pendulum operetion8 in India. 1903 to 1908. 

the last three years1 :- 
TABLE XXI-Stations in the Himalaya. 

h u l t a t  I 
exccse of 
rookin 1 

the crust, 
-- 

Feet. 

k 1216 
+ 2896 
+ 7586 
+3824 , 
i 3861  j 
i 3663 

i 

- - - - - . -- - -- - 

I 1 Height of 

I Pendulum btatlon. 1 station= 
visible excees 

I 
of rock. 

Invini ble 
ddioimay of 

rook M 
revenled 
by the 

I pendulum. , . -- - - - yeet7 
1 Feet. 

i i e o n g  . . . - . . . . 4916 1 -3700 

i Da rjeeling . 
Sandakphu . 

6966 1 -4070  
11766 -4180 

I Muasooree  camel'^ Back) .' 6924 1 -3100 
Xuasooree (Duneeverick) . 7131 -3270 
Simla . 
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It will be noticed in the  third column that a deficzency of rock, averaging 3600 
feet, underlies each of the Himalayan stations. The compensation is, however, 
not complete, and the last column shows the heights a t  which the stations would be 
situated, if the crust were everywhere of the same density. 

TABLE XXII-Stations near the foot of the Himalaya. 

Pendulum station. 

0 

( Invisible 
Height of 1 def2ic of 
station = 

viei ble excess revealed 
of rock. by the 

I 1 Feet. 
I 

I 

Siliguri . 387 
Dehra Dun . . 2241 
Kalka . . I 2202 
Pathankot . 

- . I  1088 

Resultant 
deficiency 
of rock in 
the crust. 

The hidden deficiencies underlying these four submontane stations average about 
3600 feet; the last column shows, that in every case the subterranean deficiency 
more than compensates the excess above sea-level, and that on a homogeneous 
crust the whole submontane region mould be situated below sea-level. 

TABLE XXIII-Stations between 20 and 30 miles from the Himalaya.. 

I 

I 
I 

1 Invisible 1 I 
Pendulum station. 

I I 

I i Feet. 
I 1 Feet. I Feet. 1 

I He~ght of defic~ency of Resultant 

I i 

Jalpaiguri . 

I Ludhiana 

I 
833 -1306 

! 

st,it~on = rock as 
vls~ble excess revealed 

of rock 1 bv the 

Jalpaiguri of table XXIII is in the plains of Bengal, and 25 miles from Siliguri 
of table XXII : the underlying deficiency of ma,tter has decreased by 1140 feet in 
those 26 miles. 

Ludhiana of table XXIII is in the plains of the Punjab and is more distant from 
the Himalaya than Pathankot or Kalka of table XXII by 25 miles : the deficiency 
under Ludhians is 1080 feet less than under Kalka, and 3749 feet less than under 
Pathnnkot. 

defic~ency 
of rock ~n 1 
the crust. 



TIFE PRINCIPAL MOUNTAIN RANGES OF ASIA. 55- 

TABLE XXIV--Stations between 80 and 120 d e a  from the b a l a y a .  
-- -- 

Pendulum station. 
Height of 
station= 

visible excass 
of rock. 

I 

Invisible 
excem of 
rook ae 
revealed 
hy the 

pendulum. 

Reeultant 
ex0053 of 

rook in 
the orust. 

I I I Feet. Feet. i 

-- -. -- 

Kisnapur is in Bengal, Mian Mir and Ferozepore in the Punjab. 

Feet. 

+ 1113 
i- 878 
+ 874 

Below these 
stations the crust is of excessive density. If the crust were made homogeneous, the 
stations of table XXIV would all stand higher above sea-level than they do a t  
present. 

The pendulum has therefore corroborated the conclusions which were drawn 
from observations of the plumb-line. In  Northern Ih&a there are three variations 
in the crust, where the eve-observer notices but two forms of surface. The eye- 
observer sees a hilly region on the north and flat plains to the south: the pendulum 
observer finds three parallel zones-the zone of mountains on the north, the zone of 
deficiency in the centre, the zone of excess to the south. 

From determinations of horizontal attractions the observer of the plumb-line 
was led to the conclusion that a great chain of density lay buried underneath the plains 
of northern India, and now the pendulum observer has arrived a t  the same result 
from an investigation of vertical attractions. 

If when observing near the foot of the Himalaya, we rely upon our eyes or upon 
our levels, we become aware of mountains on the one side of us'but none on the 
other : but if we disregard the evidence of eye and of level, and believe our pendulums 
and plumb-lina, we are led to imagine that we are standing between two mountain 
ranges, one of which visible to the north rises abruptly out of the plains, whilst the 
other invisible to the south slowly gains in elevation for one or two hundreds of 
miles. 

It is not possible to explain how these variations of density in the crust have 
come about or to what they are due : the parallelism to the Himalaya of the buried chain 
of density seems to indicate unity of origin, but whether the zones of excess and 
deficiency are caused by the weight of the Himalaya and of Tibet pressing ve=tically 
upon the yielding crust of the earth, or whether by the horizontal thrust of the Hima- 
layan arches against a subterranean abutment, we cannot venture an opinion. It 
may be that the Himalaya mountains are more due to the buried chain, than the 
chain is to the Himalaya, and i t  may be that both mountains and chain have been 
c a d  by one and the same movement in the crust. 

L 
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In reports on geodetic work it is customary to call the outer shell nf the earth the 
mst ,  and in the descriptions given above we have repeatedly referred to the orust ; 
but we possess no evidence that a crust exists sharply separated from an interior core. 
It would indeed be more reasonable to aaume that the so-called crust and core merge 
imperceptibly intoone another. If, however, the crust of the earth does differ in 
density from the core, and if the transition from the one to the other is sudden and 
not gradual, the hidden excesses and deficiencies of mass revealed by the plumb-line 
and pendulum may be due to variations in the depth, at which the surface of the 
heavy core lies below the surface of the light crust; the core may be approachmg 
nearer to the surface of the earth in some places than in others. 

Our observations are at present insufficient to admit of the depth of the hidden 
variations of maa being determined, but there are reaaons for believing that the 
excesses and deficiencies, which have been discovered. are between 20 and 70 mila 
deep. 
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THE HIMALAYA AS REPRESENTED UPON MAPS. 

There is no portion of the earth's surface so difficult to represent upon maps 

Methods of hill-shading. 
as the high mountains of Asia. The complexity of their 
configuration tries the skill of the most experienced 

- 

surveyors ; and the immensity of their area obliges draftsmen to keep a reserve af 
power in hand, lest they should reach the utmost possibilities of hill-shading 
before they have depicted the regions of boldest relief. 

In all discussions upon the drawing of mountains the fundamental fact to be 
recognised is that draftsmen have at  their disposal an inadequate means of representa- 
tion. Hill-shading by strokes of a pen is a feeble method of indicating great variations 
of slope and height, and the artistic reforms that have been introduced at  intervals 
are evidence of the dissatisfaction of map-makers. 

Three different systems of shading by pen strokes have been devised for the repre- 
sentation of mountains on paper, but no one of them can be held to be adequate. Under 
the first an appearance of relief was given to a map by making eastern and southern slopes 
dark, western and northern light. Under the second the strongest darks were used 
for emphasising the greatest altitudes and the commanding points. Under the third 
depth of shade was made proportional to steepness of slope. In many maps the 
first and second systems have been combined, in many others the second and third, 
and in some few there are traces of all three to be found. 

In the G e w d  Report of the Survey of India for 1904-06, the Surveyor General, 
Colonel Longe, writes : " I believe that no system has yet been evolved by any country 
"which deals satisfactorily from a systematic and artistic point of view with this 
6 6 question. If any light can be thrown on this question by any student of the subject 
" his conclusions would be most gratefully welcomed." 

If we examine large scale maps of the Himalaya we become bewildered by the 

Methods of generalisation. 
ramifications of ridges and spurs, and we fail to discover 
any evidence of structural law underlying the chaos. 

If we turn to small scale maps, we h d  that the mountains have been generalised 
and are now represented in a simple form. But these generalisations have been 
caked out by draftsmen, who were unaware of the scientific problems involved, 
and they are nothing more than conventions. 

A draftsman can no more draw mountains without a knowledge of their structure 
than a landscape artist can draw a village scene without perspective, or than +re 
painter can draw men and animals without studying their anatomy. If we attempt 
to cover many square yards of paper with hill-shading, without having a knowledge 
of the governing lines of Rtructure, we only succeed in presenting a chaotic mass of 
incoherent details. 

L z 
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Ruakin says that it is always wrong to draw what we do not see. No one will 
oppose Ruskin's maxim, but the difficulty in mountains is to see, and long experience 
is necewry to give the power of doing so. The untrained eye will see details 
readily enough, but it will miss the governing lines. In small scale representatiom 
we require the governing lines, not the details.* 

In many cases the surveys incorporated in maps have necessarily been executed 
by eye-sketchmg from great distances and the mountain features have been roughly 
delineated. But even when large scale maps do show the hills with accuracy the 
general effect is apt to be uninteresting and monotonous, and the draftsman, who has 
4-a construct from them maps on a smaller scale, is utterly at  a loss to know what 
to retain and what to omit. 

Those who realise the difficulties attending generaliaation in any branch of science 
will sympathise with the draftsman who has to discover the governing lines of a moun- 
tain mass. A surveyor can map the visible ridges and rivers, but he can never obtain 
a bird's-eye view of the whole, and in his generalisation he is apt to attach an exag- 
gerated importance to the rivers. 

On almost all maps the water-partings are made the most conspicuous rangee: 

anphuis is drar to ,,ata- draftsmen see two stream and create a ridge between 
~rtingr them : we thus have ridges running in all directions, the 
more important the water-parting the darker the ridge. This system has rendered small 
ecale maps useless for scientific investigation. There will be no progress in Himalayan 
mapping, until the water-parting ridges are subordinated to the ranges of original 
elevation. The lines of water-parting, though emphasised on maps, have rarely any 
structural importance, and have but little interest for the geographer or geologist. 
What, for example, can be more misleading than to show Mount Everest rising from a 
southern spur of a Tibetan range, because the latter happens to be a w a t e r - p a w  f 
Yet this was done in the map illustrating the Imperial Gazetteer of India.? 

On a map a river is a sharp line, that admits of no modification ; a range is indefi- 
nite, and can be squeezed a t  will. On all maps the draftsmen begin by drawing as 
many rivers as the scale allows, and they adjust the  hill^ afterwards to the rivers. 

In nature the mountains determine the directions of rivers: in maps the rivera 
determine the directions of mountains. 

The principal Himalayan rivers tend to flow down perpendicular to the great 
range : this important fact could hardly be illustrated on a large scale map, the details 
of which would be too intricate ; but it should be clearly visible on small scales. When, 
however, in practice a map comes to be reduced from a large to smaller scales, the 

The following is extracted from a memorandum on Lhe Sllrvey of Kashmir by Sir Henry Thuillier, Surveyor General 
of India, who was an expert drafteman : " Tl~c  dific~ilty of ake~l i ing ground of such a character may be imegined. To 
do M, with any degree of faithfulne- require3 a peculiar talent and is a gift ss much as copying the hun~an fme. Stevenson. 
the civil engineer, in his evidence before llarliament on the Ordnance Survey of England stated his belief, that t h ~ w  -re 
not above eight persons in England who undemtood how to pourtray ound. If difficult therefore in England, it must be 

more so, where the relative commands are so immense."-Joum$~aidic 90cicty of Hrnqd,  Vol. XXIX. IAW. 
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pea t  rivers become nearer together on the paper. and lese space is left for the 
hill-shading between them; in the course of reduction, though numerous ridges have 
to be eliminated, the great parallel rivers are retained as though they were the 
governing lines of the topography. Finally on the smallest scale the draftsman fills up 
the space between two rivers with a long ridge running pn,ra.Uel to them. 

Chart x illustrates our meaning: here we have a portion of the Himalava as re- 
~epr-tations of the K w u n  presented on the 1 inch=32 miles map of India, and the 

Himalaya. representation has been obtained by generalisation 
from maps on a larger scale.* Three rivers, the Sutlej, the Bhagirathi, and the Alak- 
nanda, rise behind the great Himalayan range and cut across it. These rivers have 
been allowed to determine the form of the hill-shading on the map, whereaa in nature 
it was the great range that gave to the rivers their falls and determined their directions. 

In the first drawing on chart XI the same area is shown as represented on the 
1 inch= 64 miles map of India ; the influence of the three rivers upon the hill-shading 
ie very marked. In the second drawing on chart XI an endeavour has been made to 
show how the hille should be shaded : the ranges have not been drawn following the 
rivers, but at  right angles to them : the long spurs between the rivers have been 
eliminated, and the parallelism and continuity of the ranges have been emphasised. 

Until the Himalaya have been surveyed by geologists, we shall be limited to draw- 
ing conclusions from the forms of the surface. In studying surface features we must 
admit as evidence only actual measurements of height and position; the artistic con- 
ventions entered upon maps must be excluded from consideration. In the drawing 
of m a p  on small scales each range must be traced by its peaks, not by its rivers. 

If we plot on a chart all the highest points of a region, we find that they align them- 
selves in narrow zones. This is how the frontispiece of Part I was prepared. The 
points of maximum altitude were plotted, and lines drawn through them, the higher 
the points the thicker the lines were made. Until geologists prove our assumptions 
to be wrong, the lines of this frontispiece will be taken to represent the axes of 

- - - 
K U I M ~  and Britkh G~rhwal Survey, Soda 1 inch - 1 mile. 
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THE HODGSONIAN CONTROVERSY. 

In 1849 Brian Hodgson, the celebrated naturalist, who was then the political resident 
in Nepal, advanced a theory, which has had great influenoe- 

Hodgson's views. 
upon map-makers, and which is illustrated in chart m. 

The great Himalayan peaks, he maintained, did not stand on a range of mountains, but 
on spurs projecting from the Tibetan range behind. Mr. Hodgson devised his theory 
to account for two phenomena, uiz., (z] that the great peaks are not standing on a main 
water-parting between India and Tibet, (ii) that the Himalayan rivers tend to converge 
inside the hills instead of flowing at  right angles to the high mountains in a great number 
of parallel courses. 

" We are led irresistibly to enquire," wrote Mr. Hodeon,* "why the numerow 
" large feeders of the rivers, instead of urging their impetuous way from the snows to 
" the plains by independent courses, are brought together upon or near the verge of the 
" plains : how unity is effected among them despite the interminable maze of ridges they 
"traverse, and despite the straight downward impulse given them a t  their sources. 
" I answer, it is because of the superior elevation of the lateral barriers of these river- 
" basins, between which there are synclinal slopes of such decided preponderance, that 
"they overrule the effect of all other inequalities of surface, how vast soever the latter 
" may sometimes be. " 

' ' It will be seen by the map (chart XII) that these lateral barriers of the river-basins 
" are crowned by the pre-eminent Himalayan peaks, that the peaks themselves have a 
" forward position in respect to the g?i& line or great longitudinal watershed between 
" Tibet and India, and that from these stupendous peaks, ridges are sent forth 
" sout.hwards proportionally immense. " 

Mr. Hodgson's views were supported by Sir Joseph Hooker. " The snowy 
c' mountains seen from the southward," wrote the latter,? " are not on the axis of a 
"mountain chain, and do not even indicate its position, but they are lofty 
" meridional spurs projecting southwards. " 

" I have always said," again wrote Sir Joseph Hooker, " that the Sikkim Hima- 
" laya (I mean the snowed mountains) do not form n continuous snowed chain running 
'' east and west, but that they are meridional ridges running north and south, separated 
"by waters that flow southerly between them."$ 

Mr. Hodgson's arguments can be answered as follows :-the great Himalayan peaks 
are not connected by spurs with the Tibetan range, but are separated from i t  by troughs ; 

* Joumd, A~ia t ic  Society of Bcngol, Vol. XVIII, 1849. 
1. tlimalayan Jmirnals, Vol. 11, page 298. 
$ Journal, Royal Geographical Snciety, Vol. X X ,  1851. 
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.the great peake are not limited to the ridges between river-basins as drawn by Mr. H@n, 
but &and in a long line which intersects the baains ; the Himalayan rivers have not 
been forced to converge by lofty lateral spurs, but by the recent upheavals of the outer 
parallel ranges, which have barred the paths of rivers and forced them to oombine 
within the hills. 

Mr. Hodgson made the mistake of assuming that the main line of water-parting 
undue importance attributed to between India and Tibet must be the main range ; in 

water-putings. Part I11 of this paper i t  will be shown that no single 
range forms this water-parting and that in parts of Tibet the latter even crosses flat plains. 

The great Himalayan range has been cut through in places by rivers rising behind 
it ; the rivers were regarded by Hodgson as the fundamental features of the topography 
and the isolated blocks, into which they had cut the great range, were incorrectly 
assumed to be spurs of the range behind. 

The highest peaks of the Himalaya stand not on spurs but in the crest-zone of a 
great range ; this is the primary fact of structure. The range resembles a crocodile's 
back ; i t  is a wide flat arch, with relatively slight prominences, called peaks, and i t  has no 
sharply edged crest-line. The highest peaks all fall within a narrow zone running 
throughout the length of the crocodile. Glaciers have cut back between the peaks, and 
created a serpentine water-parting line along the zone. Many of the great peaks stand 
actually on the water-parting and mrtny stand off i t  on either side : but whether they are 
.on the water-parting line or not, they are all situated in the crest-zone of the range. 

The great Himalayan range is not the water-parting between India and Tibet: 
streams that flow down the northern slopes of Mount Everest eventually find a passage 
through a gorge in the range, and join the streams that have their sources on the 
southern slopes: though this fact prevents the great range from being a continental 
water-parting, i t  does not prevent i t  from being a regional water-parting. 

The range which stands behind the great Himalaya, and which was regarded by 
Hodgson as the Indo-Tibet water-parting, is only a regional water-parting : i t  separates 
the streams which flow into the Ganges of Bengal from those which flow into the Brah- 
maputra of Tibet. But the Brahma~utra and Ganges eventually unite in India, and 
the water-parting between their upper feeders is no more entitled to be called the water- 
parting between India and Tibet than the great Himalayan range is. 

A range is a wrinkle of the Earth's crust, a water-parting is a line carved by 
rivem. and though the two coincide during the youth of mountains, they begin to  
separate when rivers cut the mountains to pieces. 

Sir Clement8 Markham wrote : "A range of mountains is a ridge of elevated land 
" running in one general direction, and the fact of its being cut through by one or more 
"rivers does not alter its character and convert i t  into a series of spurs,"* 

* Clemenb R. hfnrkham t,n the Himalayan Sy8t.m in [he Ueographical Magazine, Volume IV, Is??. 
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Longitudinal troughs separate the Himala.yan and Tibetan ranges ; and the great 
generalid fnnn an eJlcep- peaks of Everest, Makalu, Gosainthan and Dhaulagiri 

tional case. are not connected by cross-ridges with the range behind 
them ; but Kinchinjunga is. Kinchinjunga stands a t  a point where the Himalayan 
range wumes an exceptional form, and Kinchinjunga being near to Darjeeling ia 
the peak that Mr. Hodg~on knew best,-perhaps the only great peak he had closoly 
observed. 

A ridge, well known from the Himalayan Journals of Hooker as the S i n g a b  
ridge, runs from Tibet through Kinchinjunga southwards to the plains of India, and 
at right angles to the great range.* This ridge is an extraordinary feature of Hima- 
layan topographv ; its crest follows a straight line from Tibet to Bengal; the descent 
from the snow8 to the plains is almost continuous. In Southern S i k h  this ridge ia 
a more marked feature than any continuous snowy range. It is probable that 
Mr. Hodgson generalised from the Singalila ridge and from Kinchinjunga, and in so 
doing he generalised from excepti0ns.f 

Mr. Hodgson's theory of Himalayan configuration still finds supporters, and it has 

Extensions of H o w n ' s  theory. 
been even applied by subsequent writers to other rangea 
than the Himalaya. Almost all existing small scale 

maps of Tibet continue to represent the great peaks of the Himalaya as standing on 
epura of a hinder range, and it is common to read in geographical works that the 
highest altitudes of the Karakoram and of t'he Hindu Kush are to be found not on 
main ranges but on lateral spurs.$ 

The Himalaya have been compared to the Alps, and it has been said that in neither 

Comparison with the Alps. 
region do the highest peaks stand on the water-parting 
line. But we doubt whether any such comparison is 

possible. Though many of the high peaks of the Alps may not stand upon what 
is called the main chain, yet they are all situated within the crest-zone of the range. 

* See North-Emtern Trans-frontier sheet, No. T S.W., Scale 1 inch=4 miles. It has been argued that the name Singe- 
lila was coined by Hooker, and that no such native llanle exists. The name hay, however, been widely used by geographers 
following Hooker, and i t  cannot be abandoned now. 

t The tramveree ridge of Singalila. separating the basins of the Tistn and Kosi, is not a editary exception, for the Nar - 
h n d a  ridge separating the basins of the Sutlej and Juninn, and the Chole ridge, separating the Tista and Raidak, though 
smaller, are similar. Singalila and Chola are perpendicular to the great range, but Narkanda is oblique. No such con- 
tinuous ridge separates the basins of the Gange* and Knli. or those of the Ganges and Jumna : the river-basins of the Punja b 
Himalaya are separated by oblique ranges. 

$ The following is an extract from the narrative of the S ~ ~ r v e y  of Kumaun, vide Gewrnl Report of the S u m y  of Indin. 
1877-78 :- 

" The features of the Xilnng valley correspond with the general physical geography of this belt of the Himalaya as 
observed in other valleys : the main watershed being sn a rille lower and the slopes about i t  easier than the southern and 
more interruptad range, on which the highest groups of 8nowy peaks occur. The snowy range is, roperly speaking, not a 
con?huaxs rsop but a series of enormous spurti which everywhere don~inate the parent ridge, the fndian watershed." 

The followingextract ia taken from Awwngthe Himalayas by Colonel 1,. 9. Waddell, C.B., C.I.E., 1900 :- 

" I t  was now evident that the Everest range like that of Kinchinjunga seemed off the main axiu of the Himalaya and 
the margin of the great Tibetan plateau, and appeared as a tipor and at  right ang!ea to that axis." 

The following extract i~ taken from the ~Yand-harird rtiirra of Khotag by Dr. M. A. Stein, 1904 :- 

" The great peok wnN entiroly separated," (from the K11m Lun), " an intere~tin observation fully in aocord with the 
orugraphy of the Karakorornlu and Hindu Kush. Tliere it has long ago been remark$ that the point. of p a t a t  elevation 
arc not to be follncl on the nctual nntershed but on secondnrr sp113 detaclied from it." 



THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 63 

The case of Mount Everest is quite different: here there are two parallel ranges 
sixty miles apart, separated by a deep trough; Mount Everest stands on the one, 
whilst the water-parting is situated on the other. The Alpine peaks and the 
Alpine water-parting are at any rate upon the same range, but the Himalayan peaks 
and Himalayan water-parting are not. 
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THE HIGH PLATEAUX OF ASIA. 

The frontispiece of Part I illustrates the position and dimensions of the three high 
- 

The horse-shoe. 

- 
plateaux of Asia. The plateau of Tibet with an average 
height of 15000 feet is joined at its north-western 

-corner to the Parnir plateau, height 12000 feet, and this again is connected by moun- 
tains with the Tian Shan plateau, height 11000 feet. The three plateaux together 
assume roughly the shape of a horse-shoe. 

The want of parallelism between the Tian Shan and Tibet ranges has been supposed 
to indicate a difference of origin, of age and of elevating force. But no such conclusion 
is justified from the scanty existing data, and we must for the present regard the three 
plateaux as one mass. It is not safe to draw too positive conclusions from the direc- 
tions of ranges, or to assume that a compressing force must have acted in a direction 
exactly at right angles to the range i t  has raised ; the heterogeneity of the crust may 
have had an important influence in determining the course of a range. If a portion 
of the crust, advancing under pressure, meets with hard resistant subterranean 
masses, the course of the wrinkle will be deflected. Such a mass underlying the Punjab 
seems to have barred the southward advance of the Himalayan ranges on the west, 
to have forced the Tibet ranges to converge and to have caused the Karakoram-Hindu 
Kush range to take the form of a bow.* On the extreme west the Hindu Kush range 
does assume a significant parallelism with the Tian Shan. 

Chart IX has been drawn to illustrate the extraordinary parallelism that exists 
between the southern border of the Himalaya-Hindu Kush system of mountains on 
the one side, and the northern border of the ancient mass of rock forming Peninsular 
lndia on the other. . 

The interior of the horse-shoe formed by the plateaux is an inland desert basin 
(vide chart XXII) drained by the Tarim river and its leeders ;t the sand of this 
basin is annually accumulating, and Sven Hedin found towns buried beneath it. 
The lowest part is the lagoon of Lob Nor (height 2200 feit), and though there is no 
mountain range clo,sing it on the east, its mouth here is narrow and the desert of 
Gobi beyond has a superior elevation of nearly 2000 feet. On the north and west 
and south it is bounded by decomposing mountains, and no other portion of the 
earth has so gloomy a future. Unless geological changes ensue, the sand will continue 
to accumulate, until the lagoon of Lob Nor and the rivers of Tarim are choked. 

We believe that the plateaux of Asia have been elevated by a horizontal pressure 
in the crust, and that this has continued to act in a meridional direction through long 
periods down to  the present time. The wrinkling of the crust has taken many forms. 

The pendulum observations have revealed the presence of a mass of great deneity underlying the of the Punjal,. 
t Roy-r! Geographical Society's map in Holdich's Tact the Mys:erwus. 
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Firstly, there are the great plateaux themselves; secondly, the surfaces of the 
plateaux have been wrinkled into ranges ; and thirdly, the surfaces of the ranges have 
been corrugated into smaller folds. 

The ranger, are composed of consolidated rock, but the flat portions of the plateaux,- 
the only portions in fact which can be described as table- 

The k t  portions of the plateaux. lands,*- are troughs between ranges, which have now 
become filled up with loose d6bris and boulders, gravel, 

sand and mud washed down from the mountains and arranged in level layers by water. 
Ranges vary in breadth, in places bulging towards one another, in places receding 
from one another, and the intervening troughs and flat plains become alternately 
narrower and wider. 

" The immense extent of the existing alluvium," wrote Henry Strachey,? " and 
"the uniformity of its maximum elevation lead me to infer that i t  must have been 
"deposited under a general sea covering the whole country, and not by lakes, much 
" less by rivers." 

Henry Strachey thought that the alluvium had been deposited a t  the bottom 
of an ocean and afterwards upheaved to  its present height without the hor i~on t~ l i ty  
of its layers being disturbed. 

From fossil bones found a t  a height of 17000 feet in Tibet, Colonel Godwin-Austen 
drew the conclusion that in recent times the climate which is now arctic must have 
been sufficiently warm to enable the rhinoceros and other tropical animals to live. 
" The only rational solution," he wrote, " which science could suggest, was that 
" within a comparatively modern period, closely trenching upon the time when man 
"made his appearance upon the face of the earth, the Himalaya has been thrown u p  
" by an increment approaching 8000 or 10000 feet." 

It is possible that the action of wind has helped to fill up the high-level basins 
of the plateaux with loess : this was the suggestion of Baron Von Richthofen. Those 
of us who have lived in the plains of northern India can testify to the enormous 
amount of dust carried annually by wind into the mountains. The finer particles of 

dust are lifted to very high altitudes and are probably transported for hundreds of 
miles. 

Wind may also help to distribute the dust that arises from the decomposing rocks 
of the plateaux themselves. These rocks are exposed by day to great heat from the 
duect rays of the sun, and by night to arctic temperatures ; and their surfaces rapidly 
disintegrate under the influence of these changes. 

The presence of boulders and gravel proves that the alluvium cannot be wholly 
attributed to the action of wind, and Sir Martin Conway thinks that mud avalanches 
have filled up the valleys. " Mud avalanches, I maintain, have done all this work 
"of filling up the valleys, and done i t  too with great rapidity."$ 

-- - 

* V d e y s  filled to a. high level with debris are however not strictly speaking " table-lands." 
t Journd,  Royal (;r~:ographiwZ Socitly, Volume XXIII. 1853. 
$ Ezploraliotr in the M u ~ [ a g h  Mounlaina, by  W .  M .  Conway iu the Gtographical Journal, Vo!. 11, 1893. 

a1 2 
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The Tibet plateau. 

The mountainous area of Tibet extends from the foot of the Siwalik range on 
the south to the foot of the Kuen Lun range on the north : the alluvial deposits have 
been washed by rivers out of the greater number of troughs south of the Ladak range 
and north of the Kuen Lun range, and the principal Tibetan table-lands lie between 
these two ranges (see frontispiece to  Part I). There are however rock basins on the 
Indian side of the Ladak range that are still filled with alluvium, of which the 
plains of Nari Khorsam and the valleys of Kashmir, Nepal and Dingri and the several 
"duns ", enclosed by the Siwalik range, are the principal. The extensive plateau 
of Tsaidam lies north of the Kuen Lun.* 

From west to east the Tibet plateau extends from the Karakoram mountains 
to  the Kansu and Ssuchuan provinces of China. Southern Tibet consists of troughs 
drained by the rivers of India,-the Sutlej, the Brahmaputra, the ihm and others. 
VTestern Tibet has been compressed between north and south, and its central 
range, the Karakoram, is the highest. Northern, north-eastern and central Tibet 
form a table-land which contains vast numbers of lakes. South-eastern Tibet is a 
rugged mountainous country, and not a table-land : its elevated mass has been cut 
up by the rivers of China and Burma and is intersected by deep ravines. Tibet is 
wooded in its south-eastern portion only. 

On all sides of the Tibet plateau rivers are cutting back into it by head erosion 
and the high level alluvial plains are only found intact in those portions which have 
not as yet been reached by feeders of the oceans. On the north and south and west 
the great rivers are confined to a few thoroughly drained troughs, and they can only 
expand their drainage areas now, if their upper feeders succeed in cutting back through 
the ranges of solid rock bounding the troughs. But on the east the rivers of China 
rise in the wide troughs of central Tibet and have before them the comparatively 
easy task of cutting back westwards into the soft alluvium, and of capturing for their 
basins long zones of the undrained portions of the plateau. 

The portions of Tibet drained by the Brahmaputra, the Sutlej, the Indus and 
the Yarkand rivers are fairly well-known, and chart XXII 

The unurplored portions of Tibet. shows that explorers have crossed the plateau in all 
directions. Nevertheless large areas are still terrce incognitce. Sven Hedin has 
given us maps of northern Tibet, Prejevalsky of north-eastern, and Deasy of north- 
western ; but we do not as yet know the positions and heights of the ranges and 
lakes in the centre of the plateau, nor the westernmost limits of the drainage basins 
of the Yangtze, Mekong and Salween (frontispiece to Part I). 

The narratives of explorers have led us to believe that the interior of Tibet con- 
sists of alternate ranges and troughs running east and west, the troughs being partly 
filled up with alluvium, and containing long series of lakes. 
- - -  ~ .- 

Royal Geographical Sooiety's ~ ~ ~ r a p  published in Holdiuh'a Tibet /he Myeleriwe. 
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In western Tibet the lakes are mostly dry, and flat plains occupy the spacea 

The plains of westan Tibet. 
between the mountaim. Of these lofty plaina the 
following are the best known :- 

Area  in Height in 
aqnare miles. feet. 

Nsri Khomm . 800 15000 
Lingzi Thang . lo00 17000 
Aksai Chin . 1200 16500 
D a ~ s ~ g  - 500 17500 
Decmsl 600 12500 

These plains hold no water now ; Nari Khorsam has long heen dry, and having be- 
come part of the basin of the Sutlej is nuw intersected by the deep canyon of that river.* 

The plains of Tsaidam consist of salt-wastes and swamps, and form the surface of 
the great high-level area, which projects from north- 

The plains of Tsaidam. 
eastern Tibet, and separates the Tarim basin from the 

desert of Gobi (frontispiece to Part I). They are situated north of the Kuen Lun 
range and are consequently not always regarded as part of the Tibet plateau itself. 
They however belong to the Tibet mountain system, and their exclusion from the 
plateau is a mere question of definition. 

According to Prejevalsky their surface is 1700 feet lower than the level of the 
water in Koko Nor (height 10700 feet), the principal lake of north-eastern Tibet. 
The mean height of Tsaidam is consequently about 6000 feet less than that of Tibet. 

Prejevalsky described the Tsaidam country as a salt marsh covered with high 
reeds. Its morasses, he said, were so thickly impregnated with salt as to be encrusted 
with a layer in some places half an inch to an inch in thickness. The plains of Tsaidam, 
he thought, were in recent geological times the bed of a large lake.? 

Sven Hedin writes that the streams of Tsaidam die away in the sand and that 
the central parts of the basin are occupied by extensive marshes.$ 

The mountains of China are the enstern terminations of the Tibet plateau, and 
belong to the same system of ranges as the Himalaya, 

Eastem limits of Tibet. 
the Kuen Lun, and the Karakoram. The provinces of 

China, that embrace the mountainous area, are Kansu on the north and Ssuchuan on 
the south. Kansu is in the basin of the Hoang Ho, Ssuchuan in that of the Yangtze, 
the water-parting between the two being of great altitude. The aridity of Tibet gives 
place in Kansu and Ssuchuan to a damp climate, a,nd Prejevalsky found that a great 
increase of moisture occurs in north-east Tibet immediately mst of Koko Nor.$ - - 

Nari Khorsam waa described in Henry Strachey's pa r J m ~ r r u r l ,  Royal Ocogmphie~d Society, Volume XXIII, 1853 : 
dso in Memoira, (fmloyicol Survcy of India, Volume X X I I ~ ~ X O I .  

t 3. Prejevalsky : Mongdia, Volume 11, 1876. 
$ S ~ e n  Hedin : Through Aeia. 
5 The word Nor means Lake ; if then we speak of ' Lab K o b  Sor ' either the word Lake or the word Nor is redundant, 

for both have the some meaning. On the other hand the de~rriptlon ' Lake K o b  ' would not suffice, and ' Koko Nor ' would 
be defective in a popular account. We are therefore of opinion that a t  the present st9 of Tibetan Geography it is desirable 
to accept the form ' Lab Koko Nw. ' In the same way we rnnnot avoid s p e a h g  "%he ' Lake of Sir-i-Kd ' though Kul 
means Lake : the ' Lake of Sir ' would be insufficient. In England we have the case of Winder-mere and Derwentwater 
which are frequently 8 ken of ae Lake Winder-mere and Lake Derwent-water. Geographical namen, which include both 
a native word and its Eglish equivalent, such aa Lake Koko Nor or Lake Sir-i-Kul, should never be usad upon m a p  : in 
caeea, where the native word for lake, or river or pass, hm coil~e to be an essential part of the native geographical name, a. 
in Koko Nor and Sir-i-Kul, it is advisable in the prepurrzlion of Innpa to  r~dopt the native name without any modification 
or addition. 
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The Tian Shan plateau.* 

The Tian Shan consists of several ranges crowning a plateau, with alluvial plains 
in the intervening troughs. The main mass of the plateau south of Issik Kul is 160 
miles wide, and 11000 feet high ; the ranges separating the alluvial basins rise to 16000 
feet. 

The essential difference between the plateaux of Tian Shan and Tibet is that the 
ranges of the former tend to run in two directions a t  right angles to one another, whilst 
those of the latter take but one direction and are generally parallel. " The two 
" main directions of mountains in the Tian Shan, " writes Prince Kropotkin," are south- 
" west to north-east (that is, parallel to the fringe of the great plateau of East Asia) and 
" south-east to north-west which direction is taken by several ranges shooting off the 
"Tian Shan. The former is the oldest ; the mountains following it have been lifted 
" up during the palaeozoic period, while the other line of upheavals was relatively mod- 
" ern and attained its greatest force during the tertiary and post-tertiary periods. "? 

The Pamir platmu. 

The Pamir mass (see frontispiece to  Part I) is enclosed in the rectangle formed by the 
Hindu Kush, the Kashgar and Trans Alai ranges ; i t  is the water-parting between two 
inland systems of drainage,$ one of which ends in the sea of Aral, the other in the 
lagoons of Lob Nor. I ts  elevated plains, like those of Tibet and Tian Shan, consist of 
horizontal accumulations of gravel deposited in rocky troughs. 

The ranges enclosing the alluvial troughs of Tibet are parallel to one another, and 

The structure of the Parnir plateau. 
those of the Tian Shan are according to Kropotkin mutu- 
ally perpendicular ; the directions of the Pamir ranges have 

not yet been determined. bi7e do not know how the Kashgar and Sarikol ranges connect 
with the Tian Shan (see frontispiece to Part I), nor how the crustal folds of the Pamir 
plateau trend west of the Sarikol range. We can form some idea as to the direction 
of the force which elevated Tibet and the Tian Shan into wrinkles, but the Pamir 
presents a more difficult problem, which cannot be solved from existing data. 

Humboldt's conception of the Pamir was a great meridional range connecting the 
Tibetan and Tian Shan systems, and this view was supported subsequently by Hayward : 
but Severtsoff and Pedchenko contended that the fundamental mass of the Pamir plateau 
was a series of parallel ranges running from east to west. From the plains of ~ a s h ~ a r  
Hayward saw a snowy range on the east of the Pamir running north and south : 
Fedchenko argued that this so-called range consisted only of the ends of the parallel 
ranges which mere running east and west. 

* See T k  Ceirtrnl Tia11-Shi~ Houirtnitu, 1905, by Merzbacher. An excellent accol~nt of the Tian Shan plateau was 
givrn by Ellsworth Huntington in the Ueogmphieal Journal for January 1905. 

t Qeographieal Jountd ,  Vol. XXILI, 1904. 
1 Northeru Trans-frontirr Sheet No. 2 : scale 1 inch=8 milea. 
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We know now that two ranges, the Kashgar and the Sarikol, separated by a high 
level trough, do trend not exactly meridionally but £rom north-west to south-east, and 
these ranges form the eastern portion of the Pamir mass. 

The frontispiece to  Part I shows these ranges to be connected with the north-western 
ranges of Tibet. That the Kashgar range is a continuation of the Kuen Lun is considered 
certain, but the connection of the Sarikol range on the chart with the Aghil is nothing 
more than conjecture. UTe cannot even conjecture how the Kashgar and Sarikol ranges 
are connected with the Tian Shan. 

As to the structure of the Pamir mass west of the Sarikol range, there undou6tedly 
exists a series of parallel valleys running east and west and separated by mountain chains. 
But we do not know whether these east and. west chains are real original ranges wrinkled 
a t  right angles to the Sarikol and Kashgar ranges, or whether they are long spurs of the 
Sarikol range carved by water. If the latter view is correct then the whole Parnir piateau 
is a broad fold of the crust doping steeply on the east, gently on the west, and running 
north and south. Whatever may have been the direction in which the principal force of 
upheaval acted, complicated cross-pressures from different sides have probably contribut- 
ed to form the elevated mass that is now standing at the conjunction of the Tibetan and 
Tian Shan systems. 

The average elevation of the Pamir alluvial plains is 

me cdwation of the Pamir 12000 feet, and that of the mountains dividing them 
plateau 17000 feet. 

" Pamir," wrote Stoliczka, " is not a plateau a t  all : i t  is a congregation of chains."* 
" We may say," wrote Sven Hedin, " that the Pamir may be grouped into two sharply 

'' contrasted divisions, an eastern half which is principally a plateau land such as I have 
" described, and a western half consisting of latitudinal mountain chains disposed parallel 
" to each other. There can be no doubt that a t  one period the entire region was strictly a 
" plateau and that it is being rapidly broken down by the agency of erosion."t 

" The meridional range," wrote Colonel Wahab, " forms the eastern boundary of the 
" Pamir plateau ; that range and the Hindu Kush are the dominating features of the 
" region ; the trend of the several ranges which are being carved out of the original plateau 
" is parallel to the Hindu Kush. There isnothing on the west that can be called a 
" meridional chain, though the course of the Oxus is deflected in that direction by a great 
" spur thrown out from the Hindu Kush north of Tirich Mir."S 

" Beyond the fact," wrote Lord Curzon, " that the general elevation of the Pamir 
" valleys is from 12000 to 1401)O feet, and that they are consequently a t  a higher level i;han 
" the surrounding countries, there is nothing in their supeficial character in the least 
" degree calculated to suggest a table-land or plateau, which I take to mean a broad 
" stretch of flat and elevated land, surrounded, may be, and even interspersed, but not 
" positively broken up, with mountain masses. Nor can anything less like a down or a 

81.ess : Daa antlilz dtr Er&. 
t Sven Hedin: Through Aaia, page 186. 
$ Extract from a letter. 
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steppe be conceived than the troughs or valleys, of no great width, shelving down- 
'' wards to a river-bed or M e ,  and uniformly framed on either hand by mom&, 
" whose heads are perpetually covered with snow, which anybody who has been to the 
* Pamite wiIi at  once r e m g k  as a fair description of those regions. In realie, over 
" the entire region embraced b~ the title. it has been calculated that the plains or valleys 
" r3onsfifnte less than me-tenth of the total area. Correctly described, a Pamir in theorp, 
" and each Pa& in fact, is therefore neither a plain, nor a down, nor a steppe, nor a 
" plateau, but a mountain v a n q  of glacial formation, differing o e  from the adjacent or 
" other mountain vaneys in its superior altitude, and in the greater degree to which ita 
''trough has been filled up by glacial detritus and alluvium. and has thereby 
" approximated in appearance to a plain owing to the inability of the central stream to 
' ' scour for itself a deeper channel. " * 

Lord C ! n  enumerates eight Pamirs or alluvial plains :- 

(i) The Taghdumbaah Pamir lies in the basin of the Tarim, and north-east of the 
Kilik psss ; it is 60 miles long and from one to five miles broad ; i t  is drained 
by the Tashkurgan, a feeder of the Yarkand river. 

(ii) The Wakhan Pamir extends for 20 miles along the northern bank of the Wak- 
han affluent of the Oxus. 

(iii) The Little Pamir encloses lake Chakmaktin and follows the Aksu affluent of 
the O m  for 60 miles. It is a long grassy plain varying from one to four 
milea in breadth. 

(iv) The Great Pamir encloses the lake of Sir-i-Kul ; it is 80 miles long and varies 
in width from one to six miles ; i t  is in the basin of the Oxus. 

jv) The Alichur Pamir lies north of the Great Pamir and is in the basin of the 
Oxus. It contains the lake of Yeshil Kul. 

(vi) The Sarez Pamir is north of the Alichur Parnir and in the basin of the Oxus. 
(vii) The Rang Kul Pamir containing the lake of that name lies north-east of the 

Sarez Pamir ; it possesses no drainage outlet. 
(viii) The Khargosh Pamir is north of the Sarez Pamir and encloses the great 

Kara Kul lake ; i t  possesscs no drainage outlet. - - . . - - - - - 
Qeqraphicol Jourtlcrl, Vol. VIII, 1896 
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THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 

The plateaux have been wrinkled into ranges, and the intervening troughs have been 
filled with d&b& and their surfaces levelled by the action of water : one of the k t  tasks 
now confronting geographers and geologists is the investigation of the ranges,-the. 
determination of their positions, heights and trends. 

Although large portions of the earth's surface have been surveyed and examined, 
the origin of mountain8 is not as yet understood ; various explanations have been offer- 
ed but none has been generally accepted. Geologists and physicists and mathemati- 
cians differ in their views, and the problems arking from the wrinkling of the earth's 
surface must still be regarded as unsolved. Complete surveys of the Himalaya will 
afford valuable data, provided we realise at  the outset the questions involved. W e  
must not confuse ranges and ridges; ranges, however modifled by denudation, are 
features of original structure ; r*es are the results of erosion only. Ranges, as their 
name denotes, must posseee length, and an elevated ring or dome or compact mats 
could not be called a range. But though length is an essential feature of a true 
r q e ,  a long line of mountains is not neceaaarily a range, for it may have been carved 
by rain and rivers out of an older and larger mass. 

Surveyors and geologists will have to determine in the field how the several Tibetan 
ranges run, and whether they are connected by cross-ranges or not; they will have 
to discover to what extent the form and structure of the Himalaya resemble those 
of the Andes and Alps ; they will have to enter upon the investigation with open minda, 
and endeavour to learn, without preconception or bias, how the Tibetan and Himalayan 
ranges have been upraised. 

The ranges of Central Asia appear all to belong to one great system, and to  have 
no separate exktence apart from that system, and no investigations are likely to be 
profitable that leave out of account the relations of the ranges to  one another. "The 
" physical unity," wrote Richard Strachey, " of the great mats of Tibet with the 
" Himalaya range seems to me very strongly shown by the general geologid 
" structure." The parallelism of the Kailaa, the Ladak, the Great and Lesser Himalaya 
and the Siwalik ranges, all of which change direction together, is evidence of inter- 
connection. 

The high rangea of Asia-those that are known to us-may be claaai6ed as 
follows :- 

I. RMcges of the jirat magnitude, currying m y  peaks above 2600 feet- 
(1) The Great Himalaya in Nepal. 
(2) The Karrtkoram. 



I I .  Ranges of the second mclgnitude, currying many peaks above 22MO feet- 
(1) The Great Himalaya in Kumaun. 
(2) The Hindu Kush. 
(3) The Kuen Lun. ft $ 
(4) The Kashgar range. 
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I I I .  Ranges of the third wqndude, curryzng many peaks dove lad00 fed- 
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.dti~h.~.the:hlgksst ~ngp,,hqw tb bord~r..  , But .the; r f r ~ d i i ~ i q ~ ~ k  P S i f r t  r h M & h t  

the real "border range " on the south of the mountains of Asia is not the G a d - .  

cBa~$;k?4 !$e -bw , $ i ~ & l ~ ! ?  . i . , . : l , v  I , . , t .  ; ;; . ,  1- i , i ~ . i .  1;) ::93:i;~ i g d  c,dT 
Our geographical knowledge is not st present sufficiently complete to cmilff&dlPL 

hgnpbid Lfio&a&(&w~& L!L sik?wb, w qQ .dkt&b ~ i ~ k i ~ b p g W ~ o f ~ i a ,  and 
breaks in. kbp,hf# j : ~ f  r f t &  F h ~ & t p i & B  W r t  have been 

inbroduced where inforination is altogether wanting. ,,&&skl;SmQ0tq have observed 



tl& &jgb -pea@ the, Himdays, of the -Ksrakoram, of the Hindu Kwh, of Ghe &dek l3  

aq$of.$& K&B r- R ~ ~ ~ e y o r s  have fixed the principal painfs of -the 
Tian Shan. But observations of the Kuen Lun have been limited to their western Ad.; , 
t b L 9 f  th b d ~ i 1 .  aad Kashgw rang* are defkienk ip accuracy and oomplttenem, 
+our knowledge of the Aghil range rand of all the ranges of central and eastern 
Tilm+Iis at present bssed nob gn tripnometrical determinations but on the reporta of 
kwd.bm . 

I(. It ig posehie that many of our present ideas of ranges will be found in the fuhrer tu 
be @correct: geographical science when it is not advanced by sound and systematic sur. . 
vergs, .kt is dephdent on the information acquired from the itineraries of explorers, 
hIrs.tQ mahits  way by zig-zag8 of approach, often overshooting the mark fo which it is 
directed, sometimes perhaps going wrong altogether, but yet alwaya endeavouring to 
r ~ h : i t e ~ g o a l ~ b y  sucmasive appr&&ions.* Until all data, that are based\*upon the 
dtinga df travellerrr and upoh the cross-examinations of natives, have been slgersedd 
bp:.fhe results of a rigmhs survey, the geography of central, of northern and of 
eqatem' Tibet Faill have to  be regarded as a preliminary approximation, which k liable 
td.be largely corrected in future. , 

:: w e  do not as yet know the number of great ranges that cross Tibet £rom west to - 

eabt : one explorer follows a trough between two ranges and another does the saine along 
a barallel line to the south, but without trigonometrical determinations of the positions 
of peaks we cannot tell if the range seen to the south by the northern traveller is 
idh6ical with that been to the north by the southern traveller. 

L.' We do not know whether the Karakoram range ramifies in its eastern extension 
oiier central Tibet, nor how the Tibetan ranges merge into the oblique and diverging 
clfj;ins of Ssuchuan and Burma, nor how the Kuen Lun range breaks up a t  ifs eastern 
eaieriity intb the complicated hetwork of minor ranges, described by Prejevalsky and' 
S*ibl Hedin. . 

It is certain that great parallel ranges do traverse Tibet from west to east and that. 
after being compressed between Peshawar and Yarkand they tend to diverge as they 
progress eastwards. In northern Tibet Sven Hedin followed a trough running east 
and west between two ranges for 400 miles, Wellby explored a similar trough and Nain 
Singh traversed one of great length in central Tibet. 

It is open to question whether we are justified in drawing the Kailaa, the Ladak, the 

Cantinuity of ranges. 
Great Himalaya and the Siwalik ranges, on the frontispiece 
of Part I, continuous throughout their whole lengths. By 

giving them an uninterrupted continuity we imply that each range is a separate 
wrinkle of the crust, raised throughout its length, not necessarily a t  the same time, 
but by the same series of movements. It is possible that these ranges wilt be found 
in places to cease and to consist in reality of two or more shorter ranges, mering perhaps 

. # . ( 

See General Walkek's notes on his map of P'urkisbn, whloh he compiled in the 0500 of the Trigonometricel Rurvey 
at Dehre Dun in 1873. 
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slightly in alignment and overlapping each other at  their extremities. Observetiom of 
p&, however, lead us to believe that the rangea are continuous and are not broken by 
overlaps. 

In the Great Himalayan range continuity of alignment has been almost eetablished 
throughout. It is di&xlt certainly to trace the prolongation of the Kumaun Himalaya 
info the Punjab, the Sutlej having cut through and destroyed all s i p  of the original con- 
nection (figure 4, chart XVI), but the evidence available tends fo indicate that the 
Kumaun and Punjab Himalaya were once a continuous range, and there are no s i p  of 
the existence of any original overlap. The only overlap that we know of is one on the 
Siwalik range illustrated in figure 2 of chart XIX, and this occupies such a narrow area, 
that if the range ever grows into a broad high fold, the overlap will be lifted up and 
become a mere surface feature of the crest. 

From what has been said, it will be readily understood that no complete represents- 

The chart of ranges in Part I. 
tion of the principal ranges of Asia can a t  present be pre- 
pared. Between perfect knowledge and entire ignorance 

there lies a wide field of uncertain information dcrived from inferences and speculations ; 
it is not possible to omit all unverified information ; were we to do so, our chart would 
be almost a blank. For the aid of future investigators we must include theories and idem 
which may be confirmed or may be disproved hereafter. In the descriptions of indi- 
vidual ranges, however, care has been taken to distinguish between what is known and 
what is inferred. 

Though the range-chart of Part I may be found in the future to contain errors, i t  
summarises the present position of Himalayan geography. No attempt has been made 
to show the Rpans of the ranges nor the numberless subsidiary ridges into which the rang- 
have been carved by water; we have merely indicated the trends of the original axes 
of elevation, and, in order to give some idea of the relative magnitudes of thc ranges, we 
have thickened the alignments that carry the highest peaks, and drawn those of lox 
elevation finely. . 
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THX RANGE8 OF THE HIMALAYA. 

The ranges of the Himalaya may be classified as follows ( c d k  frontispiece of 
Part I ) :- 

(I) The Great Himalaya, a single range rising above the limits of perpetual snow. 
(11) The Lesser Himalaya, a series of ranges closely related to the great range. 

(111) The Siwalik ranges, which intervene between the Lesser Himalaya and the 
plains. 

The Great Himalaya range. 

The Himalaya is the name applied to the intricate and complex system of moun- 
tains that forms the northern boundary of India from Afghanistan to Burma. Some 
writers have limited the name Himalaya to the mountain ranges included between 
the Indus and the Brahmaputra, but any such limitation conveys an erroneous idea 
of the physical unity of the mass. The Indus and the Brahmaputra, like the Sutlej 
and the Ganges, cut across the Himalaya through gorges, which they ihem~elvcs have 
carved, and one of the problems now confronting geographers and geologists is the 
.determination of the trans-Indus and trans-Brahmaputra courses of the Himalayan 
ranges. We shall not therefore be in a position to define the limits of the Himalaya, 
until the geology of their extremities has been studied. 

The Great and Lesser Himalaya and $he Siwalik ranges are EO cloeely related 
that it may perhaps be desirable to cammcnce with 
a general description of the area they cover. The outer fim! parallel nxrcz 

zone of mountains, which is contiguous to the plains 
of India and which contains the small Siwalik range and the valleys in rcar of it, was 
elevated more recently than the Himalaya : the width of this zone varies fxcm five 
to thxrty miles, being narrow in those places where the Siwalik range is jammed ngainst 
the Lesser Himalaya, and wide where open valleys intervene. 

The second zone is 40 or 60 miles broad, and k covered with mountains, that 
assume in the Punjab and Nepal the form of longitudinal ranges running generally 
parallel to the great range. In Kumaun the form is more intricate : here the peaks of 
the second zone do not appear to follow distinct alignments of maximum elevation, 
but to be scattered throughout the region and to posseas everywhere a remarkable 
uniformitp of height between 6000 and 10000 feet. 

The third zone ia 10 miles broad, and is occupied by spun projecting southwards 
from the great range; a few peaks of this zone exceed 1 6 0 0  feet in height. 

The fourth zone is 16 miles broad, and contains the great line of snowy peaks, 
the average height of which exceeds 20000 feet. With the exception of the low 
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ravines cut by rivers, the whole of this zone is situated above the limib of perpetual: 
snow. To an observer on the outer hil& $he Lesser Himalaya appear to vary but 
slightly in altitude throughout a great area, but the Great Himalaya range fo the north 
seems to rise suddenly like a wall of snow. 

The fifth zone is about 26 miles broad, and c o n t h  the:troughs of rivers rising 
W d  the rtraat Himalaya. The average height of the beds of the trougba is $4000 

A 

feet a n d  of the mountains intersecting them 19000 feet ; the average height -.. of- the- , . 
zqpe .is considerably less than that of the snowy zone. 

' The r&es covered with perpetual snow and the higheat altitude; of the @ma- 

l a p  occur about 90 miles from the southern limit of the mountains. . - ' .  

' In the oharts XIV and xv eight cross-sections are shown ; they haye been d w n  
through the Himalaya a t  different points but always a t  right angles to the great range. 

The rocks of the Siwalik range are stratified and date from the latter half of the 

The age of the Himahpa. - W i a r y  period ; those of the outer h . l t ~ j @  we s m t i -  
fied also but are very much older. c -  - A  

- The central axis of the Great Himalayan range is compoeed of granite and gneSss ; - 
on either sidc of i t  are to be seen immense depths of sedimentary Btrattt, w l q h  show 
that thousands of feet of rock have been removed from the crest-line. The granite 
solidified and cooled while below the eurfaoe of the earth, and its original covttri#g 
has been worn away by the subsequent action of seas and rivers. 

, The Great Himalaya rose to be a mountain range in the same geokygoal age- 
as the mountains of Afghanistan and Balmhistan on the wept and as those of A r h n  
and Manipur on the east.* The immense depremion of northern ,Iadici, noy .fill$ 
with the alluvium of the Ganges and Indus, dates from the same period as the ele- 
vation of the Himalaya ; as the latter 6 s  pressed upwards into an arch, the former 
was pressed downwcrrds into a trough. - s 

Though the whole length of the Great Himalaya range belongs to on& ge610gioal' 
age, yet the Punjab Himalaya are supposed to have riaen a t  a s~mewhat later date. 
thaq the Nepal Himalaya. The presence a t  elevations of 16000 feet in .the iunjab 
Himalay9 of nummulites indicates that this portion of the range did npt emerge from . 
the sea till comparatively recently. , ...,.. . < I  . . . .  

. The direction of the Great Himalaya range does not bend with an unifom a- ,.._ . 1. 

t Bifurcafions. vature, but followe different alignmesh As it bcnda bq , 
west to north-west & frequently bifurcates and . .tb;ib& , ,  _ off . , _  . 

@or ranges on the  coavex , side of the bends, At  each bifurcatiw the: *r r a w  j 
tend8 - - a$, first -@ esntinue in the d igwen t  which the great range .is f ~ & i n g ~ j < & ~ ~  i l l .  . 

v - 
dually, bowever, turns and finally r u p  pl~rallcl to tbg,aqy aligrynqnii ~f $b . , P I  . . . .. J .  purposes of  description it is convenient to 

The total tehgth qf We Himalaya 
parts,-tho Assam 

din&d into four sections. 
. - 3  * < 

Kumaun 
. . . . , - - - -~ - - 

I. . . 
.- ~ .. . 

, , ,  . -. . - - -- 
' . /  : , , , I .  . --- 

+..>;- . ,  , L ?  ,,. . b . :  . '. , , ,r .I: ' ; 'J? .C ~if;!;sd 4-JE19V8 S& *. A  on& 'of the Cfedogy o f  India, 2nd ~ d i t i o n ,  page 104. 
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! 1 prtion, of! the, . Himalaya. resembles another. In .8ikkim .. . * ; l . r  " * ' - -  

the leaser and o d b -  rkuq$uswe pb8W ;.in X6hmir t h y  are conspicuous ; in ~ u m a u n  
i ibber5E&&,Mm;obliqw id*thair:trend are nat.clp!tdy mwk& ICL3ikkim.i~ a trans- 

' -  . , .. . t.hr&b dednnaaeawat: Lws+$~m 1 the' ~strrdp 'of1 ,ope !ares.,, -, . . , . . ., . , , ,, ,, 

r7 . r l r . " m  %m~.Wrd;r)g&~&n&~.Cd &he ;Brahepptira $0- the ~Ti~: .r ! l !h~~tdgh-  

5:$d~t&8fi%est;j it$ ,f&je&l %he :Nepal & :  '$eotkm I .,of .the ' rangeb ia. asiklum, .L and!& :!the 
~law&&J ~%ikW$&td! h%$hrd&ti tek& phdi .%he great range-:in .&pad : hd$q 
P && & : : ~ ~ ~ 6 ~ ~ l b f ~ ~ w & i . : ~ . , ~ ;  :;;!'I:: I ,  I( , . !  : ,  : .  . .  - .  :*:,:.. 1 :.,': i:> 
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b 1 . 8  ,& ,.Be *%kr$ & 6 : $e&a;&&~(i &hhbaiti id . &ai&::.,&,$ge 

is observable ; the lower and ou&t+"iig~a~tdd&~6k "&bhpp&r aiid ":two 'lo&$ qiipilr~ 
~ ~ ~ & & w $ & w s Y & ; ~ ~  '~&e'"p#aiAs;~fkd~ $i&$iiai rid*; horn hehinj.rm&,. .&d the 
Ij:QRaaflyiadp@m Bid%undT. >:It-is &nd&aMii:-.W( the change. ...':. o£ . aligpmpt, . . the 
~ ' & ~ & ~ ~ ~ ~ & ; ! e t h & ~ i d k l a p p b h n  dith&bdtwi ~radges and the two great ridges are 

fr tier sh t Q. 7 N. 'qT., 1 1nch=4 miles. war F .if ! - 5  ! .;.r,:tZ /!to -& 
~ @ ~ ~ ~ ~ ~ ~ ~ i  jg~??&f%;d~k~e t ~ ! ? ~ % ~ l ~ a i $ ~ % ~ ~ ~ i % t ~ ~ ~ .  * !%t~~&~fp&i2&dbi&@o 1 

*ncb=4 milas. 
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The Knmaun Himalaya stretch from the Kali to the Sutlej ; the b h e a t  peak 

The Kunuun Himalaya is Nanda Devi (26046 feet). There are bifurcattions a t  Bad-- 
rinath and at  the Sutlej (see chart XVI). 

After the bifurcation at  Nampa the width of the great range becomes leas and) 
its altitude greater ; after the bifurcation at  Badrinath (see figure 3, chart XVI) the- 
width becomes greater and the altitude less. 

The upper surface of the Kumaun Himalaya appears to be corrugated. The 
Cangotri glacier, for example, a t  the source of the Bhagirathi flows for 16 miles along- 
a trough in the crest-zone of the great range (see chart XXIV, Part 111). The mean 
altitude of its surface is 14000 feet, and there are peaks of 22000 feet on either side 
within 2 miles of i t ;  its trough is parallel to the axis of the great range. * Similar 
corrugations exist in the Nepal Himalaya behind Mount Everest.? The parallelism 
of the corrugations leads us to think that they are the results of a superficial compression 
of the crust. The view of the Great Himalaya, that is obtainable from the plains 
of India or from the outer hills, conveys the impression that the snowy range 
possesses a narrow and sharply-edged crest-line, but this idea is incorrect : the summit, 
of the range is several miles broad, and the great peaks stand in a wide zone. To a 
distant observer the snowy range east of the Sutlej appears to resemble the edge of a 
saw, but its crest-zone measures 30 miles in breadth. 

The Kumaun and the Punjab Himalaya do not follow the same alignment, and 

The Punjab Himalaya. originally met a t  an angle; they are now separated 
by the defile of the Sutlej, which cuts acroes the range 

exactly at  the angle. An important bifurcation occurs here (figure 4, chart xvr). 
After the bifurcation at  Dhaulagiri the elevation of the range diminishes, and a 
similar diminution occurs after the bifurcation at  the Sutlej. East of Dhaulagiri 
there are peaks exceeding 26000 feet, west of it but few peaks rise to 22000 feet. 
East of the Sutlej the Kedarnath, Jaonli and Badrinath peaks stand above 22000 feet, 
but west of the Sutlej few peaks exceed 20000 feet. We have already seen that 8s 

a range bends, it bifurcates, and now we see that it changes its form after bifurcation. 
The characteristics of the great range are so different on the two sides of the 

Sutlej that doubts as to its original continuity have been expressed: our maps show 
one range meeting the Sutlej from the east, and two, if not three, smaller ranges- 
leaving it on the west. 

The difficulty of determining he original lines of structure is increased by the. 
presence of the extraordinary Narkanda-Mahasu ridge that runs diagonally 
across the Himalaya from the high snows to the low plains :$ this ridge is not cut across.. 
by any river, and its unbroken uniformity of descent is only equalled by that of 
Singalila. It forms the southern boundary of the basin of the Sutlej, and it waa 

A h  Sheet No. 66 : 1 inah = 4 milee. 
t Y .p  of N e e  I inoh- 16 mila 
t & A t b  heet No. 47, mala 1 inoh- 4 miles, and Sheete of the Punjab Sww. Noa 310 8.-E and 311 N.. I&. 

sad 1 inch - half-.-mile. 
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regarded by Mr. Fraser in 1820, by Captain Herbert in 1821, and by Captain Gerard in 
1822 as the real termination of the great Himalaya of Kumaun and Nepal. 

The bifurcating branch a t  Badrinath becomes the Dhauladhar range of the lesser 
Himalaya, that a t  the Sutlej becomes the Pir Panjal range of Kashmir. The Dhauladhar, 
the Pir Panjal, the Punjab Himalaya and the Zaskar ranges are all secondary 
undulations superposed on one flat broad arch, the span of which reaches from the 
plains of the Punjab to the Indus in Tibet. 

Near the centre of the Punjab Himalaya the range culminates in the Nun Kun 
peaks* (23410 and 23250 feet) which stand 3000 feet above the creat. 

The water-parting of the Punjab Himalaya follows an exceptionally straight line 
from the Sutlej to the Nun Kun peaks, and again from those peaks onwards, but a t  the 
peaks themselves i t  exhibits a double sinuosity, which is illustrated gn chart x x x ~ v  of 
Part 111, and which is possibly a feature of original structure. North-west of the Nun 
Kun peaks the crest-zone is in places corrugated. 

The northern and southern slopes of the Punjab Himalaya are very different in 
form and character ; the northern are bare and stony, but contain lakes and high 
plains, the southern are forest-clad but are seldom level. 

In the Nepal and Kumaun Himalaya there are many river gorges piercing the 
granite range, but no river crosses the Punjab Himalaya. The Zoji pass, however, 
is a remarkable feature of the latter. This pass across the great range is only 11300 
feet high, and is consequently below the level of the troughs that lie in rear of the Nepal 
Himalaya. " Such a depression elsewhere would have been sufficiently deep to open 
" a passage for the drainage of the table-land, but the great depth of the valley further 
"north, in which the Indus flows, here gives the waters more favourable escape in that 
" direction."i 

Though the Zoji defile was probably carved out of the range by a pre-historic 
river, i t  is now a true pass, that is to say, i t  crosses a water-parting line, and from its 
summit streams descend in opposite directions. The descent from the Zoji is very steep 
on the side of Kashmir, but is gentle on the side of Ladak : the pass itself is grassy and 
so level for half a mile that the exact water-parting line is difficult to discover. Peaks 
rise immediately on both flanks of the pass to 14000 feet, and then gradually to 16000 
and 17000 feet. 

To the casual observer the Punjab Himalaya appear to terminate suddenly a t  the 
We- termination of the G~~~~ Indus in the gigantic cone of Nanga Parbat : and even 

Himalaya trigonometrical observations have failed to  indicate 

the course of the great range beyond the Indus (see chart XVII). . 

Schlagintweit considered that on the western side of the Indud the Himalaya and 
Karakoram (see frontispiece to Part I) could not be separated into chains: "they 
"form," he wrote, " one mountain mass, the elevation of which decreases verv 
' rapidly to the westward." $ 

Ser and llcr, vide tahle VI of Part I. For an explorntion of the Nun Kun grogp see Hunter D'orkman'e addre-, 
Qeogrmphud Jouma!, Vo1. XXXI. 

f Sir Richard Strnchey's Himnlaya : Rncyelopedia Britunniea, Vol. X L  
i Journal. Asiafic Socicty of Bengd, Vol. XXVI, 1857. 
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Colonel Tanner wrote as follows of the country between the Indus and the Kunar 
(see frontispiece t o  Part 1):- 

" The central backbone may be described as a huge broken table-land running up into 
" wave-like ridges, which rise but a few hundred feet above the general level of the range. 
"The ridges and peaks on the central backbone are all of nearly the same height, and are 
" very similar to each other in appearance, and consequently not easy to identify from 
" points more than a few miles apart. For this reason neither my surveyors nor myself 
"have been able to fix with accuracy any points on the watershed, nor the passes which 
"lead over the range, though several have been determined approximately. It is not I 
" only who have experienced a difficulty here, for the Great Trigonometrical Surveyors, 
" when prosecuting the Kashmir triangulation, though they have fixed peaks far away 
" even in the very heart of Kafiristan, have failed to determine more than two or three 
" points on the entire watershed, a distance of nearly 150 miles. From the beginning of 
.' September the great ocean-like expanse of wavy ridges was snowed up."* 

At a subsequent date Colonel Tanner referred again to the same region. " We have 
" now obtained," he wrote,? " nearly all the topography of that remarkable region, which 
" is situated on the northern slope of its ill-defined watershed, and to the eastward a small 
"portion of the southern slope as well. It is an immense tangle of exceedingly sharp 
" ridges, which zigzag about in the most perplexing manner. There are hundreds of peaks 
" of nearly the same height and so like each other that after moving a few miles they cannot 
" be recognised. One very marked feature in this range is the extraordinary number 
" of mountain lakes or tarns, which are found as many as three or four together a t  the 
"sources of all the small feeders." 

Mr. Lydekker has also referred to the uniformity of elevation which prevails in the 
region north-west of the Indus. " A remarkable feature," he wrote, " along the Indus 
"valley in Darel, for the notice of which the writer is indebted to Lieutenant-Colonel 
" Tanner, is that all the peaks over a considerable area reach to a nearly uniform height 
" of about 21000 feet ; thus apparently leading to the conclusion that this level indicates , 

'' an old plain of marine denudation, originally bordered by higher ground of which 
"the peaks of Nanga Parbat and Rakaposhi reaching to over 26000 and 25000 feet 
'' are remnants."$ 

Trigonometrical surveyors have thus not been able to trace by means of heights 
the continuation of the Great Himalayan axis beyond the Indus, and the problem 
will not be solved without a geological survey. It is possible that the range curves in 

O w d  Report, B u d o f  India, 1878-70. 
t generd Beport, Survey of India, 1879-80. 
The following extrnct ia also h m  Calonel Tanner's Report for 1879-80 : "When I say that I have fixed 145 hill p a b ,  

1 do not wuh it to be understood that t.he pints  have the accuracy of those hitherto mcepted by the Great TrigonomeM- 
cd Survey. The apexes of some of my triangles are so mute that an error of one minute at either of the ends of the bses 

6 6  mske an error of ten milea in the position of the point. I ho however s t  some future time to he able to i m p v t  
6. the &%pe of the triangles, so that my point8 ahdl be true t~ a tentfor a mile." 

$ Ymira ,  Uwlugical Survq t f l n d w .  Vo!. XXII. 1883. 
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par~llelism to the Karakoram and Kailas ranges, and that the Indus has cut through 
it a t  its bend. If the bend is accompanied by a bifurcation, the same difficulty 
of identifying continuity will occur here as has occurred at  the Sutlej. 

The country to the west of the Indus has not as pet been geologically 
surveyed, and we know nothing of the trend of folds between the Indus and the 
Kunar. M-e know, however, that in Chitral the prevailing strike of the stratified rocks 
as observed by Sir Henry McMahon is approximrttely from north-east to south-west,* 
whilst a similar trend has been observed by Mr. Middlemiss in all the sedimentary series 
of Hazara,? and it is therefore highly probable that a corresponding change of alignment 
occurs in the ranges of the intervening area. 

Though trigonometrical observations failed t,o determine the trans-Indus extension 

Eastan termination of the Great of the great range, they revealed the general surface form 
Himalaya of the region, but east of the Brahmaputra no observations 
have been taken; ~ n d  nothing is known a t  all of this extremity of the Himalaya, 
beyond the meridian of 93'4 

The so~t~herlg extension of the Ninchinthangla range shown on chart xvt I is 
purely conjectural. 

The Arakan ranges running in directions parallel to one another and perpendicular 
to the Great Himalaya appertr on maps to be compressed unduly dose together opposite 
the extreme point of the latter range ; north and south of this point they seem to diverge 
to a certain extent from one another. If we were to accept the maps as reliable, we 
might be led to infer that the wrinklea of the Arakan crust had been squeezed together 
by the resistance offered to them by the point of the perpendicular range: but t.he 
country has never been surveyed and the maps cannot be accepted ; the apparent 
crowding of the Arakan ranges against the Himalayan point must have originated in 
the imagination of a draftsman. 

Prince Kropotkin thinks that the Great Himalaya continues as a considerable 
range through Arakan into China, and that i t  .is cut across by the Salween, the Mekong 
and the Yangtze. " The great Khingan," he writes, " which is the eastern border range 
" of the great plateau of east Asia, joins the Himalaya, and consequently in the region 
" (29' N., 11YC E.) where we have on our maps fan-like chains of mountains radiating 
" between the Salween, the Mekong and the Blue river, there are simply narrow gorges 
" through which these rivers descend from the plateau. "5 

There are, however, reasons why we are unable to accept Prince Kropotkin's 
theory : it is improbable that three extraordinary rivers, possessing long Tibetan courses, 
should develop very close parallel t,roughs between Tibet and Burma : we believe that 

G&id  Mogazinc, Dec. IV, Vol. 9 (1902), p. 5. 
t Memoirs, Gedgical  Bu+v%r of India, Vol. XXVI (1896). 
$ Generd Walker thought there were no peeks higher then 16700 feet east of longitnde 9S0. P-dings, k g o l  

Q m p p h i c a l  Boeirly, 1887. 
3 Qcoynrphicnl Journal, Val. XXIII, 1- 
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the troughs in which they flow must be features of original structure : if the three 
rivers had had to force a passage through the Great Himalaya, they would have 
probably united before doing so (chart xvn). 

It may be found that near longitude 98" the Great Himalaya changes direction 
to the south-east. On the other hand it is possible that no continuous extension will 
be discovered, and that the range will be shown to end between the meridians of 96" 
and 98". 

If we consider the great difficulty of tracing the Himalayan connection across 
the Sutlej through a tract that is comparatively well-known, we shall realise the 
futility of theorising upon the unexplored region east of the Brahmaputra. Were 
.a range to maintain similarity of form and uniformity of height on the two sides 
of a river gorge, no difficulty of identification would arise; but rivers frequently cut 
across ranges a t  the very points where the ranges are undergoing change in shape, 
and destroy the ranges a t  the places where the differences originate. 

Chart XVII illustrates the similarities between the eastern and western termina- 
tions of the Great Himalaya. We have as yet no proof that the Ninchinthangla 
sweeps round on the east as the Karakoram does on the west, but the courses of the 
rivers in the two regions are very similar. On the north-west we have a number of 
rivers flowing parallel to the Hindu Kush and crossing the Himalayan alignment 
at right angles : there are the Indus, the Kishanganga, the Swat, the Kunar, the 
Panjshir and the Oxus. On the east we observe the same phenomenon : the Brahma- 
putra, the Salween, the Mekong and the Yangtze all cross the Himalayan alignment 
at right angles. 

On the north-west the several parallel rivers flow into the Kabul river, which 
flows from the Hindu Kush on a course parallel to the Himalaya : on the east the 
Zayul river is to the Brahmaputra what the Kabul river is to the Indus. The 
Raga tributary of the Brahmaputra in Tibet has its counterpart in the Shyok tributary 
of the Indw (charts xxx and XXXIV of Part 111). 

We have now to  trace the crest-zone of the Great Himalaya and to observe its 
variations in height. From the ten Himalayan groups 

The variations in the height of the of peaks described in Part I and tabulated on pages 
theCreat-J6 37 and 38, we can determine the lengths of the 

Himalayan axis carrying peaks of 24000 feet and 
higher, and the lengths of axis on which no such peaks occur. 

In  chart XIII a longitudinal section along the crest-line of the Great Himalaya 
range, from the Indus to the Tista, has been drawn to illustrate the principal gaps in 
the line of great peaks.* I n  the following table are given, firstly, the several length 

r We have not sufficient informetion to justify U8 extending the section from the Tista to the Brahmaputrr* 
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-of crest-line which have been observed to carry peaks exceeding 24000 feet, and, 
secondly, those lengths on which no peaks of 24000 feet have been discovered :- 

TABLE XXV. 

I Length of conti- Length of deprerr- 
nuous crest-zone sions in creet-zone The clevated portions of the range. The depressions of the range. carrying peaks where no peske of 

exceeding 24000 feet. 24000 feet occur. 

1 

Kinchinjunga group of peah  .-.. 
.... Passage of the A m  Kosi . 

Everest group of peaks . . . . . . 
.... I Passage of the Bhotia Kosi . 

Gosainthan group of peaks . . . . . 
.... Passage of the Trisuli Gandak 

Group V * . - 1  . . . . 
.... I Paasage of the Buria Gandak . 

Group VI* . - 1  .... 
.... Depression of range . 

Group VII * . .... 
-... Passage of the Kali Gandak. 

Dhaulagiri group . . . . . 
.... / Depression of range 

Nanda Devi . . I .... 
.... Depression of range I 

Nanga Parbat . . I  . . . . 

Miles. 
7 

1 Aggregate length of crest carrying great peaks . 93 .... I 
Aggregate length of gaps and depressions . . . . . .  936 

.- -- - - -- - - - - - -. . . . -- - - - 

Ninety miles of the crest-zone of the Nepal Himalaya carry peaks exceeding 
24000 feet : the twin peaks of Nanda Devi are the only points of the Kumaun l m a l a y a  
that rise above 24000 feet, and the-peaks of Nanga Parbat the only points of the 
Punjab Himalaya. 

If complete maps existed of the Himalaya, the whole area would be found to be 
dotted with passes: the number of passes runs into 

P- over the k t  Himalaya. thousands, and no attempt has been made in this paper 
to compile a catalogue. 

Passes do not as a rule possess any scientific interest ; they are mostly situated 
.on the crests of spurs and minor ridges, and are seldom found upon the axes of the 
great ranges. We will take the cases of a few well-known passes to illustrat,e 
.our meaning. The Tipta (16600 feet), for example, is a much-frequented pass 

Vede page 38 of Pert I. 
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of eastern Nepal, but it has no geographical significance ; it is situated on the 
crest of a southern spur of the Great Himalaya,-a spur that has been carved altogether 
by water,-and it allows travellers to cross from the valley of the Tambar Kosi to 
that of the sister-river the Arun. The Rohtang pass (13000 feet, chart XXXII) and the 
Hamta (14000 feet) cross the w t e r n  section of the Pir Panjal range between Kulu 
and Lahaul and are on the water-parting between the Beas and Chenab. The Buran 
ghati* (15121 feet) and the Shatul (15555 feet) cross the eastern section of the 
Dhauladhar range south of the Baspa. The Kamri (13260 feet) and the Burzil (13500 
feet) cross weather-worn ridgea north of Kashmir. Even the Manirang (18600 feet), 
south of the Spiti basin, and the Baralacha (16047 feet), north of Lahaul, cannot be 
regarded as crossing the Great Himalaya. 

In  the Nepal and Kumaun Himalaya travellers pass from India into Tibet along 
the channels of the great rivers : these channels, difficult though they are, furnish 
readier means of access than mountain paths above the snow, and passes over the range 
are consequently not necessary. The defile of a river is sometimes regarded as a "pass," 
but when entered upon a map, the word " pass " almost always denotes the highest 
point of a path. with an ascent to i t  from one side and a descent from it on the other.? 

The Bhotia Kosi and Dudh Kvei rivers (chart XXVIII) rise in the Great Himalaya range 
but north of its axis, the former a t  the Thanglang pass (18460 feet), the latter at  the 
Pangula (20000 feet). These passes are the highest points of routes connecting 
Nepal and Tibet, but they are not situated on the axis of the great range, being 30 or 
40 miles in rear of it. The rivers have cut down the axis and the passes cross only 
the northern flank of the range. Similarly the passes into Tibet from the Tista basin, 
the Koru (16900 feet), the Naku (18186 feet), the Donkia (18100 feet)? are over the 
northern flank of the great range but not over the axis ; the Tista has carved a bay 
out of the range behind the axis and the passes lead over the northern edge of the 
bay. The Tang pass (15200 feet), however, near Chumalhari, a t  the head of the Chumbi 
valley, is a pass over the axis of the great range itself. 

The Punjab Himalaya, not having been pierced by rivers, furnishes more examples 
of passes crossing the axis than the mountains of Nepal and Kumaun. A notch in a range 
does not become a. " pass," until it is frequented by travellers, and though notches in 
Nepal are probably as plentiful as in the Punjab, they are not used as passes. In the 
Punjab the absence of river-gorges through the range obliges men to cross the crest-line, 
if they wish to enter Tibet, and several passes, of which the Zoji (11300 feet) is the 
beat known, do traverse the axis of the great range. 

The " Boorendo " of Gerard, 1821. 

f The Engli~h word I' 1 9  denotes any n-w p w .  m e  Afghan word " Kotal " and the Tibetan word " La " 
denob the highest point of a mountnin path, 6th ascent to it on one side and a desoent e m  ir on the other. The 
t0pogmphic.l .ymbd for " " is only applied on maps to Kotals or La-a, but the cowd " pass hhs been applied .bo to 
lcng nver Led* Like the IChylwr and Bolan 
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The Sizoalik range. 

The Siwalik range separates the Himalaya mountains from the plains of India 
and is the southern border range of the Tibet mountain 

Its age and continuity. 
system. Though its upheaval was accompanied by 

movements of the Himalayan mountains themselves, and probably by increases in 
the latter's elevation, yet the Siwalik range is of more recent formation, and is, perhaps, 
the most recently formed range of similar magnitude on the earth. It is still in the firet 
stage of growth, and i t  may be expected in the future to rise in altitude and to expand 
in width. 

With the exception of a short distance of 50 miles, opposite to the basins of the 
Tista and the Raidak, the Siwalik range has been shown by geologists to skirt the 
Himalaya throughout their length with remarkable uniformity for 1600 miles, from 
the Brahmaputra to the Indus and even to the west of the Punjab. 

At the passage of the Sutlej there is a break-not a bend-in the alignment and 
the two lengths of range appear to overlap. Figure 2 of chart xrx shows how the 
range north of the Sutlej is not a direct prolongation of the one to the south.* If the 
elevation of the Siwalik range continues now to increase, and a t  a rate sufficient to 
dam the Sutlej, the present overlap will be converted into a sinuosity of the crest-line 
and water-parting, such as is often seen on great ranges, and the present defle of the 
Sutlej will become a " pass. 9 9 

In  places the Siwalik range is pressed against the outer Himalayan rangea, and 
its existence would be overlooked by the casual observer : 

Its "duns." 
in other placea, it is separated from the Himalaya for 

distances of 20 or 50 miles and enclosea canoe-shaped longitudinal valleys called 
" duns."? The best known of these is the Dehra Dun, that stretches from the Ganges 
to the Jumna : deposits of rounded stones, gravel and sand have been brought down 
to the Dehra Dun from the Himalaya and have raised its surface 1000 feet above 
the level of the plains beyond the Siwaliks. Other duns near Kumaun are the Kotah, 
Patli, Kothri, Chgumbi, and the Kyarda, and many exist in Nepal ; but they are not 
found north of the Ravi. 

The Siwalik range is strongly developed opposite the Dehra Dun with steep south- 
ern slopes and gentle northern : near the centre of this 

A bifurcation. 
dun the range bends through an angle of 40 degrees, 

a similar bend being observable in the outer Himalayan range, 15 miles to the north. 
On the conves side of its bend, following the example of its great Himalayan neigh- 
bow, the Siwalik range threw off a branch range, remains of which are still visible 
in the hill of Nagsidh (see figure 3 of chart XIX). As is a common occurrence in the 
great Himalaya, the S i ~ a l i k  range is crossed by a defile a t  the very point of its bend.$ 
Figure 1 of chart xrx illustrates another bifurcation in the Siwalik range. 

Atlas sheet No. 47, Scale 1 inch=4 milea. 
t Vide Phyuicd Ueedogy of the 8th-Himaluya of Garhtod and K w u n ,  by C. 9. Ebiddlemias : dimwire, Uedupcal 

8uwq of India, Vol. XXIV, 1890. 

t The defile is tlle Tohen pass, see Atlas sheet 48 N. E. ; also see sheets of the Dehn Dun and Siwalik Survey. 
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The Ganges bounds the Dehra Dun on the east, and east of the Ganges the Siwalik 
range is compressed against the outer Himalaya : i t  is deserving of note that the Ganges 
cuts through the two ranges near their point of conjunction. 

The Siwalik range is composed of the same material, hardly consolidated, that 
forms the deposits of the level plains of northern India. 

Its rocks. 
The Siwalik zone was formerly the northernmost belt of 

the flat alluvial region : i t  has been compressed by lateral forces into a long fold or 
range. The folding of the Siwalik strata shows that the whole Himalaya must have 
advanced southwards.* The thickness of the strata in the Siwaliks exceeds 15000 
feet; these immense deposits were all brought down by the Himalayan rivers and 
upheaved in recent times. The rocks of the Siwaliks are entirely of fresh-water origin 
and prove that the sea has not washed the base of the Himalaya since the eocene 
peri0d.t 

The Siwalik range is of so recent a growth that its features are for the most part 
the direct results of crustal deformation, and are con- 

Its configuration. sequently very different from those of the outer Himalaya 
which have been mainly modelled by river erosion. 

The Siwalik range is cut across by the great rivers of the Himalaya, but no open 
mountain valleys have been developed by its own streams : the latter are mere torrents, 
and are enclosed by precipitous walls. Its ridges and spurs are narrower, more sharply 
edged and more inaccessible than those of the outer Himalaya. 

The Siwalik range is of importance because of its proximity to populated tracts, 
its wonderful continuity, and its geological interest, but from the point of view of mag- 
nitude i t  cannot be compared with any other range of the frontispiece to  Part I ;  
the smallest ranges of the chart are the Lesser Himalaya and the Siwalik, and of these 
two the former is immensely larger than the latter.$ 

The Lesser Himalaya ranges. 

The Great Himalaya and the Siwaiik ranges are two long parallel folds of the earth's 
crust,-about 90 miles apart from axis to axis (charts XIV and xv). The region enclosed 
between them is occupied by the intricate system of ranges we have called the Lesser 
Himalaya and which we have briefly mentioned on page $5. If we allow for the 
widths of the Great Himalayan and Siwalik ranges themselves, the zone occupied hy 
the Lesser Himalaya averages perhaps 50 miles in width. 

The contortions of the strata show that the Lesser Himalaya region has ever)-- 
where been compressed horizontally. These mountains are however the result not 

A Alatirtal of /he Gffilogp of India. 
t Presidential address by Colonel Godwin-Austen to the Geegraphical Section of the British Association for the 

Advancement of Ecienre, 1883. 
$Objection nlay 1)e taken to the occnsional use that har been xilade of the plural form Siuvalika. We have ourselves 

no liking for it, but find i t  di5cult  to  avoid. The plural form i~ undoubtedly in general use by residents. Similar plural 
forms arc applied to many mountams, such as the A l p ,  dppt~inecr,  Pyrcnecs. We have however avoided. employing the 
form H,malayaa in thi paper. * 
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of one but of many movements of the crust and their history is more complex than 
that of the Siwaliks : ranges have been uplifted, and have been afterwards forced to 
change direction : the whole region has been subjected to succeesive compressions, and' 
the general wrinkling process is probably still continuing. 

In Kashmir and parts of Nepal, where outer ranges arc distinct, flat alluviar 
valleys are enclosed behind the Leaser Himalaya, like the " duns " of the Siwalik and like- 
the plains of Tibet, but in Kumaun, though rivers map run for miles parallel to the. 
mountain axes, the longitudinal and high level alluvial valleys are absent. 

Cunningham in his work on Ladak writes : " The inferior mountains of the eastern 
"chain generally run at  right angles to its axis, whereas those of the western chain 
" are mostly disposed in subordinate parallel ranges." We do not think that this view 
is correct. Cunningham was probably borrowing his ideas of the Nepal Himalaya 
from the writings of Brian Hodgson. Though the inferior mountains of Kumaun 
and of parts of Nepal do not run so clearly parallel to the axis of the great chain, as. 
those of the Punjab, yet throughout the Lesser Himalaya the governing lines are parallel 
and the most striking characteristic is parallelism. 

If me attempt to analyse the Lesser Himalayan ranges, we find that they can be. 
divided into two classes: (a) those that branch from the Great Himalaya, (b) those 
that are separate folds. The branch ranges of the first class run obliquely across. 
the mountain area ; the separate folds of the second class follow curvilinear alignments 
parallel to the great range. 

The great range bifurcates generally a t  the points where it is changing its align- 
ment, and each successive branch range adopts the alignment, which the trunk range 
is forsaking. Having traversed the mountain area obliquely the branches slowly 
alter their direction and finally run parallel to the great range. 

We may classify the seven known ranges of the Lesser Himalaya as follows :- 

the Nag Tibba, 
the Dhauladhar, 
the Pir Panjal, 
the North Kashmir. 

These four ranges are oblique and are separate branches of the great range. 
The three outer ranges, which may or may not be different sections of one long. 

range, are- 

the Mehabarat, 
the Mussoore~,. 
the Rattan Pir. 

The most easterly oblique range, that is known to us, branches from the Great. 
0 
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Himalaya near Dhaulagiri (figure 1, chart xw) and runs a t  first in prolongation of the 
great range's alignment. It continues in a straight line strongly developed across 
the basin of the Karnali ; it passes through Almora, Nag Tibba and the Chur,* and 
conjoins with the Dhuladhar range near the Bara Bangahal (chart XVIII). For 

over 100 miles in Kumaun this range is without a break, and i t  compels the 
Alairnanda, the Pindar and the Sarju to  flow parallel to i t  along its northern flank : the 
Alaknanda and Pindar rivers combine to pierce i t  north of Hardwar, and the Sarju 
combines with the Kali to pierce i t  near the western border of Nepal. 

Twenty-four miles west of Dhaulagiri (26795 feet) the highest peak of the Nag 
Tibba range is 23760 feet : a t  52 miles the highest peak is 19875 feet, a t  70 miles 15000 
feet, a t  96 miles 12000 feet ;t south of the Pindar river its peaks are 9000 feet. 
These figures indicate how the branch declines in height on separating from the 
trunk range.$ 

The Dhudadhur range. 

The second oblique range branches from the great range near Badrinath, and 
runs south of the Baspa tributary of the Sutlej. It is cut in two by the Sutlej a t  
Ranipur and by the Beas a t  Larji ; and it is crossed by the Ravi south-west of Chamba. 
The northern flank of the Dhauladhar range impinges against the southern flank of the 
Pir Panjal range a t  the mountain knot of Bara Bangahal.5 The bifurcation near 
Badrinath is illustrated in figure 3, chart XVI, and the conjunction of flanks a t  the 
source of the Ravi in chart XVIII. 

The Pir Panjal range. 

The third oblique range leaves the great range a t  the Sutlej (figure 4, chart xw), . 
and forms the water-parting between the Chenab on one side and the Beas and the Ravi 
on the other. It bends towards the Dhauladhar range near the source of the Ravi, and ' 

the clash between their flanks has created the mountain knot of Bara Bangahal (chart 
xvrr~). The Pir Panjal is the largest of all the Lesser Himalayan ranges, and even a t  
its extremity in 1Zaohmi.r it carries many peaks exceeding 15000 feet.\[ South of Lahaul 
aconsiderable area rises above the snow line and numerous glaciers exist : south of 
Knshmir there are no glaciers, but in places snow lies throughout the year. 

The NNorth Kashmir range. 

The fourth oblique range branches from the great Himalaya near the Zoji pass : 
it constitutes the water-parting between the Jhelum and Kishanganga, the latter river 
drrtining the angh formed by the bifurcation. Its height is greatest near the point of 

The Chnr is a remarkable double peak (11066 feet) twenty-five miles south-east of Simla It is composed of granite 
and ia nupported by wven buttresses. It excesde in height by 1600 feet all points within miles cif i t  Thou h M, 
pmminent it is lean high than the peakn of the nr Panjd range. In 1816 Captain Halgan anxeutenant Herbert fetm- 
mined the difTmnce of height between the two peala of the Chur as 460 feet; the higher peak they found to be 14 miles 
north of the lower. Atlas Sheet No. 47. 

9 Between Lztitnde 29' 10' and 29' 20', and longitude 82' and 81' 30.' 
$ It ie 17776 feet in longitado 82O 30', 16000 in 82' lo', 12000 in 91' 30'. and 9000 in 80' 46.' 
f Abp of Etngra, I inch = 2 milea ; Atlee Sheet No. 47. 
11 ldaP of Ilaehmir. 1 innh = 2 milea 
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bifarcation, one of its peaks, Haramukh* (16890 feet), reaching above the snow-line, but 
westwards it ramifies and declines. For the first 100 miles of its length it is without 
a gorge: its width exceeds 30 miles. 

The Mahabarat range. 

West of the Singalila ridge an outer parallel range, known as Mahabarat, traverses 
the basins of the Kosi and Gandak ; it is strongly marked and continues through western 
Nepal.? Immediately t o  the east of Singalila, however, no such range is visible, all the 
lesser ranges having disappeared from the basin of the Tista. Further to the eaat in 
Bhutan trigonomet.r~cal observations have disclosed the existence of an outer range 
in Lztitude 27g. 

The peaks of the Mahabarat range vary from 6000 to 8000 feet, dwindling near the 
left bank of the Kosi to 6000 feet ; throughout its length this range, though serrated like 
the edge of a saw, offers but few recognisable points to trigonometrical surveyors. 

The Mussooree range. 

Between the Ganges and Sutlej there is an outer alignment of hdls, of which Sirkanda 
(9080 feet), Landour (7464 feet), Banog (7433 feet), Badraj (7320 feet), and Kasauli 
(6322 feet) form prominent points : whether this is a remnant of a more southern 
range, now almost extinct, or whether it originally formed a flank of the Nag Tibba 
range, 10 miles to the north, we are unable even to conjecture : nor can we tell a t  
present, whether this so-called Mussooree range is a continuation or not of the Maha- 
barat range of Nepal. 

The line of mountains we have called the Mussooree r a g e  has barred the exit of 
the Ganges from the mountains and has forced the Bhagirathi, the Alaknanda, and the 
Navar affluents to unite in rear of i t  : the junction of the Tons and the Jumna is also 
due to its presence. 

The Rattan Pir. 

South of Kashmir the outermost range is known as the Rattan Pir. This range may 
be the western extremity of a long outer range, pressed near Kashmir rsgainst the Pir 
Panjal range, or it may be an old flank of the Pir Panjal range itself and not a separate 
fold. It is separated from the Pir Panjal by the river Punch. 

If the Lesser Himalaya had consisted of the oblique ranges only, the mountains 
might have terminated in the plains of India as diverging and diminishing chains- 
increasing in number and decreasing in magnitude-like the Hindu Rush in Afghanistan 
and the Kuen Lun in China. But one or more outer ranges seem to  have been upheaved 
parallel to the great range and these appear to have ~ressed back the oblique ranges 
and to have formed a curvilinear wall stretching almost unbroken for 1600 miles from 
the Brahmaputra to the Indus. If the sea were now to flow over the Indo-Gangetic 
plains, the Himalayan coast would be a long wall without capes or islands. 

* The trigonometrical atation of Haramukh ie lWl feet high and one mile north-weat of the 
t We can trace it from longitude 86O, latitude 27p, through MO, 2 7 9  and 83", 28' to 80f0, 2Qy. 

a 2 
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A great transverse spur protrudes from the Zaskar range a t  Kamet into the upper 
basin of the Alaknanda. For a length of 20 miles its 

Transverse ridges. 
peaks exceed 20000 feet; its altitude then diminishes 

to 14000 feet in 6 miles, and i t  is not visible south of the Dhauli a t  Joshimath.* It 
is this extraordinary buttress of Kamet that separates the basins of the Vishnuganga 
and Dhauli behind the great Himalayan range (chart XUV, Part 111). Its magni- 
tude and continuity suggest the idea that it is a structural fold due to cross pressure. 

The western boundary of the Spiti basin seems also to be a transverse range branch- 
ing a t  right angles from both sides of the Zaskar range. 

The Zaskar range, being the water-parting between the Kumaun Himalaya and 
Tibet, is crossed by a great number of well-known pass- 

Passes over the Zaskar range. 
es : the Lipu Lekh (16750 feet) is south of the Upper 

Karnali basin, and near the conjunction of the Zaskar and Great Himalayan ranges. 
The Manghang, Lankpya and Dharmapasses are about 18000 feet, the Untadhura 
is slightly below 17500 : these passes lead to Tibet out of the basin of the Kali. The 
Kingri Bingri (18300 feet), the Balchha (17500 feet), the Shalshal (16200 feet), the 
Silikank (18000 feet) and the Niti (16500 feet) are all passes across the water-parting 
between theDhauliaffluentof the Alaknanda and Tibet, and they by no means con- 
stitute a complete list. The Mana pass (18000 feet), called also the Dhungri or Chirbitya, 
ie at the head of the Saraswati affluent of the Ala1tnanda.t The Muling pass (height 
unknown) crosses the water-parting between the Bhagirathi and Tibet. The Gumrang 
and Sholarung passes are further west and connect the Himalayan basin of the 
Sutlej with its basin in Tibet. 

The Ladnk range. 

The western portion of this range was called by Sir Alexander Cunningham the 
Kailas range, on the supposition that the peaks of Kailas rose from its easterly con- 
tinuation. But the Kailas peaks stand north of the Manasarowar lakes, and the con- 
tinuation of Cunningham's Kailas range has been found to pass south of Manasarowar 
(figure 1 of chart XXI, and frontispiece to  Part I). Many writers have followed Cun- 
ningham, but Drew adopted the name " Leh " range. Godwin-Austen called i t  the 
"Ladak" range, because i t  was the principal feature of Ladak. We have accepted the 
name Ladak, and have applied it to the whole range from Assam to Baltistan. We are 
not, however, in a position to certify that a continuous range stretches in rear of the 
Great Himalayan range throughout the whole length of the latter from east to west. 

In  rear of the Assa.m Himalaya the Ladak range is strongly developed, and forms 
southall wata-pahgof  the the water-parting between the Brahmaputra of Tibet 

Brahmaputra of Tibet and the Brahmaputra of Assam. 
North of the Chunlalhari peak of the Great Himalaya, the Nyang river has cut 

through the Ladak range, and drains northwards into the Brahmaputra.$ Westwards 
+ Kumaun ma k r n w s l  Survey, 1 inch=l mile. Atlas Sheet, No. 66, 1 inch=4 milee. 
t The Saraswati is s f d a r  of the Viahn~~ganga. The names of paws  are spelt in various ways, and much nncer- 

tainty prevaih. 
$ North-eastern Fruutier Sheets, 6 N. W. and 6 8. W., 1 inch = 4 miles. 
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from the Nyang basin, as far ~ E I  Lake Manasarowar, the Ladak range is the water-part- 
ing of the Brahmaputra, and the drainage of its southern slopes passes across the Great 
Himalaya into India. The bend in the water-parting a t  Chumalhari, as drawn on 
charts XXIII and xxxv, is therefore due to the Nyang river : a t  this one point the Great 
Himalaya becomes the water-parting, and the trough to the north of i t  drains into the 
Brahmaputra of Tibet. 

Westwards from the Nyang basin for a distance of 200 miles, the Ladak range and 
the Great Himalaya run parallel and enclose between them the long trough of the 
Arun river, the plains of Dingri, and of Digur Thanka and the lake of Palgu.* 

In rear of the bifurcation of the Great Himalayan range a t  Dhaulagiri the Ladak 
range increases in elevation, and the trough separating it from the Great Himalaya 
becomes less distinct. 

Behind the Karnali basin the range is strongly developed; it culminates south 
of Manasarowar in Gurla Mandhata. Immediately 

Continuity of the range. west of this great peak the continuation of the range 
is not distinct.? The gap here is more difficult to explain than the gorge cut by the 
Nyang, and i t  is this break in continuity that mainly prevents us from stating definitely 
that the Ladak fold is continuous. To give a single name to one long range is advan- 
tageous, in that the name indicates the position maintained by the range with regard . 
to other ranges. But identity of name implies identity of origin, and whether 
one long fold extends through Gurla Mandhata from the east of Tibet to the west, is a 
question that has not been finally decided. The apparent break near Gurla may have 
been a feature of original structure ; the range east of Gurla may be overlapping 
that from the west; or a portion west of Gurla may have subsided, or have been 
deflected by recent pressures ; or the Ladak range and the range to the north may 
have expanded sympathetically a t  Manasarowar, and their flanks have been 
merged by pressure (figure 1, chart X X I ) . ~  From information a t  present available 
it appears more correct to give one name to the whole range and thereby to imply 
continuity, than to give different names to different lengths and thereby to imply 
independence. 

When we consider what small accidents of heterogeneity or of resistance in the 
crust are sufficient to break the uniformity and continuity of a long fold, our wonder 
is that the ranges of southern Tibet, subjected as they have been to ever varying cross 
pressures, are as continuous and as uniform as they are. 

East of Manasarowar the Ladak range runs south of the Brahmaputra, and. 
except a t  Chumalhari, forms the water-pariirq : wesi; of 

Intaeions Of the - range by Manasarowar the range follows the Indus, and its rela- the Indus. 
tions to this river are extraordinary.$ The frontispiece to 

Map of Nepal, 1 inoh=16 miles. 
t Northern Frontier Sheet, 14 8.-W., 1 inch = 4 miles. Ryder's map of southern Tibet, U e o g r a p ~ ~ i  Jwnral, 

VoL XXVL 
On ohart XXI this contact between the rengea is called a conjunction : it is however s clmh of flankr only and not 

a conjunction of axea : the thick lines on the chart show only the exes of the rengeg and give no idea of their spans. 
5 Shwte 6 end 6, Punjab map, 1 inch=8 milea, 



THE PRINCIPAL MOUNTAIN RANGES O F  ASIA. 

Part1 shows how the Indus and the Ladak range are intertwined.: for the first 180- 
miles from its source the Indus flows along the trough north of the Ladak range and' 
parallel to the range : near Thangra, north of Hanle, it bends a t  right angles, cuts across , 

the range, and forsakes the trough i t  has been occupying. It now flows for 300 miles 
along the south flank of the Ladak range, and then, shortly before its junction with 
the Shyok, passes back across the range to its original side. It remains on thenorth 
side for 100 miles and then cuts across the range for the third time.* 

At the intersection near Hanle the range is strongly developed, and that i t  is cut 
through there can be little doubt. On both sides of the river-gorge the core of the 
range is found to be of granite, and the alignment is found to be the same. 

The troughs on either side of the Ladak range in Ladak are comparatively open and' 
contain but small impediments to the flow of the mighty river : the behaviour of the- 
latter in cutting constant gorges through a granite range in preference to pursuing a 
straight and simple course is most eccentric. As a geographical feature i t  is unique.? 
We can only suppose that the Ladak range has grown, since the Indus began to flow, 
and that like a tree trunk embraced by a creeper, i t  has in its expansions had grooves 
cut across i t  by the river. 

But little is known of the Ladak range between the Sutlej and its intersection by 
the Indus near Hanle ; nothing is known of i t  east of longitude 91°, or w a t  of longitude- 

* 
7 4 O .  

A great number of passes cross the Ladak range : on its north-western section 

Passes over the Ladak range. 
south of the Indus are situated the Harpo (16786 feet), 
the Burgi (15697 feet), the Bunnuk. Behind Leh are the 

Lasirmou (16900 feet), and the Laowchi or Khardung (17600 feet). 
Between Leh and the intersection of the Ladak range near Thangra by the Indus 

the principal pass is the Kay (18260 feet). Between Hanle and Manasarowar are the 
Medosi (17700 feet), the Boga (19200 feet) and the Ayi (18700 feet) : south of the lake- 
Rakas Tal are two passes over the Ladak range, height 17100 and 18200 feet : north. 
of Nepal there are the Photu (16080 feet), the No (16600 feet), the Taku, the Sheru, 
(17600 feet), the Kura (17900 feet) and others.$ 

The Marsemik, Dumche, and Chang passes are on the Kailas and not on the 
Ladak range. 

The Kailns range. 
The Kailas range runs parallel to the Ladak range fifty miles in rear of it (figure 1, 

chart XXI). Near Manaparowar i t  contains a crowded cluster of peaks, several of 
which exceed 20000 feet, and the highest of which is Kailas (22028 feet). Opposite to. 

In the h n t i a  iece of Part I the third internection of the range by the river ia drawn a t  Bunji near the great knee- 
bend of the Indua : t!e continuity of the range hae, however, not been proved. It ia clear that the Indua most pass mme- 
w m  in this region a c w  the ran e to the south, but it isnot certain where it does so. The return p a w  may occur a .  
httle west of lonritude ,P : if that b the case, the range ahould hare been drawn on the chart nearer to the   ah range, 
and the Zaskar range should have been prrdnced across the Indue a t  the p i n t  on the chart where the Ladak range cmeees 
it. 

t Compare, however, the intersection8 of the Zaaksr range by the Spiti river. On chart -I of Part I11 the c o r n  
of the Xaslcar range can be traced from i,h peaks of Shilla, Leo Pargial, and Kamet. 

t-The numes of pesaea are spelt in different ways. and it is not oeaible to say which are the correct forms. The 
Khamung paw ia described in the B a r h a  01 Hindmian by Dsvid 8mr. Ryder crossed the Kura Pass in 1904, vide.  
~ ~ r a p h i c a l  Journal, Vol. XXVI, p. 383. 
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the culmination of the range in the Kailas peak, the Ladak range culminates ia. 
Gurla Mandhata; both ranges expand a t  this point and their flanks come into con- 
junction. 

East of Manasarowar the Kailas range forms generally the northern rim of the 
Brahmaputra's trough : i t  cannot, however, be called the water-parting, as i t  is cut 
through in places by rivers from the north. 

East of longitude 85" the Kailas range bifurcates* (frontispiece to  Part I), and 

A branch from the Kailas range. for nearly 160 miles the river Raga (chart xxx) flows 
along the trough between the two branches. 

Immediately after bifurcation the branch range is crowned by a cluster of peaks, 
many of which were found by Captain Wood to exceed 20000 feet ; peaks of 18000 feet 
have been found upon i t  as far east as its intersection, in longitude 87" 46', by the 
main stream of the Brahmaputra : its height diminishes neir its intersection by the 
Nyang but increases again to 18000 feet further east. 

The branch range appears to conjoin with the Ladak range near Lake Yamdrok: 
this wction of i t  was called by Ryder the Karo La range.t 

After throwing off its branch the main Kailas range runs eastwards with peaks 

Continuity of the Kailas range. 
of 20000 feet. Trigonometrical observations show that 
i t  joins with a range of Tibet, known as the Ninchin- 

thangla, in longitude 88". After this conjunction the Kailas range itself continues to 
trend in its former alignment as far as longitude 92" and possibly further. Nothing 
is known of the Kailas range east of 92". 

Near Manasarowar the Kailas range is strongly developed and the rangea 
to the south of i t  expand here in sympathy. Within one region are to be found the cul- 
minating peaks of four different ranges,-Kailas, Gurla Mandhata, Kamet and Nanda 
Devi. 

From Manasarowar the Kailas range can be traced along the north bank of the 
Indus as far as the Pangong lakes. In longitude 80" i t  is intersected by thesinghgi, 
the eastern branch of the Indus. 

On reaching the Pangong lakes i t  appears to end in the peak of Sajum (20018 feet), 

A break in the continuity. 
but further west it can be traced again, and then forms 
the water-parting between the Shyok on the south and 

the Nubra on the north: the alignment from Sajum to the junction of the Nubra 
and Shyok has not been determined, and the range has been broken on the frontis- 
piece to  Part I to denote uncertainty.$ It is possible that the Kailas range has clashed - with the Ladak west of Sajum peak, and that for a short length the two rangea are: 

The Ladak range appeani to bend aympathetioally oppoaita to the bifumation. Sl~eete 22 N. W. and 22 N. E., 
Ncrthern Frontier, 1 inoh = 4 miles. This part of Tibet wsa aurveyed by Ryder in 1904, vide Beport on c u q  opera- 
tionu on the jwnq fmm (lyangtae to dimla vld Uarbk. 

t North-Eastern Frontier Sheet 6 N. E., 1 inch = 4 milea 
2 North of Leh the geilas ranp is clearly marked. Sheet No. 6, Y~mjab map. 1 inch=8 dlea For Sajum peak, 

sea map uf Turkistan. I inch=32 miles. 
8 
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here welded together. It is also possible that vertical subsidences have destroyed the 
continuity of the Kailas near Pangong. 

West of the junction of the Nubra and Shyok the Kailas range runs parallel to its 
northern neighbour the Karakoram ; the long troughs occupied by the Biafo, Hispar 
and Chogo Lungma glaciers lie between the Kailas and Karakoram ranges. 

Opposite the kneebend of the Indus near Bunji the Kailas range is crowned by 
- - 

Culmination and tamination 
the peak of Haramosh (24270 feet).* Within nine miles 
of its intersection by the Hunza river stands Rakaposhi, 

its highest peak, and i t  is near this point-the point of intersection and of supreme 
altitude-that the range begins to change its direction. After a long course from 
south-east to north-west i t  bends through a wide curve, and then runs from north- 
east to south-west, declining in height as i t  bends. West of Rakaposhi, however, its 
alignment is very difficult to trace ; in this region the range has been so cut to pieces 
by feeders of the Gilgit and Kunar rivers, that its present appearance resembles a 
line of detached pyramids (chart xxx~v) .  

I n  figure 2, chart XXI, the Kailas range has been extended across the Kunar river 
a t  Chitral : but this prolongation is only suggested, and has not been entered upon the 
frontispiece of Part I. 

* Atlw Sheet 27 5. E.. 1 inch E: 4 miles. Northern Transfrontier Sheet 3 N. E., 1 inch = 4 miles. Map to ilius- 
trate Captain Y ounghueband's explorations, 1 inoh s 16 milee. 
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THE KARAKORAM AND THE HINDU KUSH. 

The Karakoram. 
The nomenclature of the mountain ranges of Asia has been the source of many 

difficulties. The applications of names by natives are vague and indefinite ; and a 
mountain chain may even be designated differently in neighbouring villages. In 
the study of geography the employment of names is a means to an end, and we 
should therefore endeavour to introduce as simple a nomenclature ae possible. It is 
not necessary to retain several names for a single range ; nor is it advisable to abandon 
a name, after it haa been for many years in common use upon maps, because faults 
come to be found with it. 

Moorcroft was the first weatern geographer to apply the name Karakoram 
to the great range of mountains, which separates the Indus and Tarim basins. Moor- 
croft was a careful observer, and he learnt the name from natives in Tibet. For 
60 years the name Karakoram was employed by geographers, and throughout the 
surveys of Kashmir and Baltistan no objections to it were raised by surveyors. 

Some 20 or 30 years ago the alternative name, Muztagh, was introduced and 
an endeavour was made to displace the name Karakoram. There was nothing 
to be gained by the change, and it has only resulted in confueion. By some writers 
and map-makers the name Karakoram has been retained, by others the name 
Muztagh has been accepted, and by others the two names are now given together. 

The objection raised to the old name " Karakoram " waa that it meant " black 
(' gravel," whereas " Muztagh " means " ice mountain." The original meaning of a name 
has nothing to do with its suitability : black gravel is found on the alopes of the 
Karakoram, and Moorcroft relying on native information named the range "black 
c 6  gravel." 

The confusion caused by the introduction of the name Muztagh should be a warn- 
ing to geographers to accept accomplished facts. Now that the name Muztagh has 
come to be applied on modem maps to the Karakoram range, explorers are discover- 
ing that it is attached to every snow mountain in Chinese Turkistan. The peak Muz- 
tagh Ata is not on the Karakoram but on the Kashgar range : Sven Hedin writes of the- 
Kaahgar range 8s the Muztagh range :* on the authority of a village headman 
Dr. Stein gives the name Muztagh to a peak of the Kuen Lun ;t Semenoff called the 
western portion of the Tian Shan " the Muztagh." 

Muztagh, meaning "ice mountain," is in fact a description, not a name. Colonel 
Wahab writes," Muztaghs are as common all over Central Asia aa Safed Kohs on our 
" north-western frontier. The name Karakoram is quite established now for the moun- 
"tain range separating the Indus and Zarahhan, and is the most suitable." 

We are of opinion that the name Muztagh should be used for the peak Muztagh 
Ata, but not as an alternative for the name Karakoram ; the latter alone should in 
future be applied to the mountain range, of which K2 is the highest summit. 

Sven Hdin : Through Asia, page 670. 
t M. A. Stein : Smd.buried rrcina of Khqkan. 
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The Karakoram and Hindu Kush ranges of mountains are different sections of 
the same crufital fold. The fold traverses western 

The earth-fold. 
Tibet from south-east to north-west, curves round 

through Hunza and Gilgit, passes north of Chitral, and enters Afghanistan in s 
direction from north-east to south-west.* The eastern  ort ti on of the fold is known as 

I 

the Karakoram range, the western portion as the Hindu Kush. 
The range does not change its name a t  any particular natural feature; but, as 

the limits of application of the two names require to be settled for the convenience - - - 

of geographers, i t  will perhaps be well, if we call the mountain chain in Tibet and 
Hunza the " Karakoram," and in Gilgit, Chitral and Afghanistan the " Hindu Kush." 
The water-parting between the Hunza and Gilgit rivers (charts xx and s x x ~ v )  situated 
some ten miles east of the meridian of 74" will then form the dividing line.? 

In chart xx a longitudinal section of the Karakoram has been drawn to explain 

Gaps in the Karakoram range. graphically the causes of the gaps in the range. This 
section has been made to follow the curved alignment 

of the Karakoram and Hindu Kush ranges. A comparison of the section against 
the groups of peaks, described in Part I, will show how the range is divided into 
blocks: the following table gives both the continuous lengths of range that carry 
peaks higher than 24000 feet, and the intervening gaps, where no such peaks exist :- 

TABLE XXVI. 
- - -- -- - -- - - -- 

Length of con- Length of deprm- 
The elevated portions of the range, tinuou3 crest aiona in orest- 
oarrying peaks of 14000 feet and The depressions of the range. , none oarrying zone, where no 

higher. ' penks nxooeding peaks of 24000 
, 24000 feet. , feet occur. 

I Aggregate length of crest carrying great peaks . . 104 .... I 

No peab of 24000 feet have been discovered on the Karakoram east of the Shyok river. 
Miles. 1 Miles. 

Shyok Nubra group of peaks . 5 1 .... 

- ( Aggregate le&h of g a p  and depressions . . .... . 
-- - . - --- -. 

291 1 
I 

The curvature of ite course is sharper than that of the great Himalaya 
t Northern Transtrontier, Shwt No. 2 : 1 inch=8 milea. AE a dividing line acrw a rsnge, a river would be mom dis. 

tinct than a water-parting. But water- artinga form the divisions between tribes and dideote mom often than rivroa, and 
therefore perhaps the more suitable Xivieiona in nomenolatare. 
1 Vide page &*of Part I. 

.... Passage of the Nubra river . .... 
Group XIIf . , 1 1 .... 1 Crest-zone carries no great peaks . .... 
Group XIIIf.  . I - 13 . . . . 1 CresLzone carries no great peab . . . . . 
Karzkoram group . I 18 

.... I crest-zone carriks no great beah: . . . . 
Knnjut group . . . 25 

.... 1 Passage i f  the ~ u i a  river ..,. 
Hunza-Kunji group . 16 

12 
.... 

35 
.... 

22 
.... 
60 

.... 
22 

.... 
Long depression of range 

.... containing the gorges of the 140 
Gilgit and Kunar rivers . 

Tirich M.ir group I . 26 . . . . 
There are no peaks of 24000 feet west of the Tirich Mir group. 
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The Shyok, Hunza, Gilgit and Kunar rivers drain the trough behind the Kara- 
ckoram range ; the Nubra river rises in the Karakoram, the glacier a t  its source having 
-.cut a notch in the crest-zone. 

Though the number of great peaks is less on the Karakoram than on the Great 
h a l a y a ,  there is a greater length of high range, on which great peaks stand without 

- 

deep intervening depressions. A length of 104 miles of the Karakoram crest carries 
great peaks against one of 93 miles of the Great Himalaya. The Karakoram rises 
as it leaves Tibet, culminates in K" and then slowly declines : its crest does not show 
the surging5 of the Great Himalaya. 

The western termination of the Karakoram is the Hindu Kush, but of its eastern 
termination we know nothing.* The peak of Aling 

Eastem -sim of the Kara- Kangri, which stands in Tibet near the eastern source 
k o r m  

of the Indus, has been supposed to mark the continuation 
of the Karakoram fold, but chart xx illustrates our inability to draw the eastern 
section of the range. At Pangong and Rudok, between the known eastern extremity 
of the Karakoram and its supposed continuation at  Aling Kangri, no range appears 
,to exist,t but our geographical knowledge of this region is very imperfect. 

As we said of the Kailtis range when referring to this same region, a portion of 
the Karakoram may have subsided vertically : on the other hand, the normal height 
of the Karakoram a t  this spot may not be above 17000 or 18000 feet, in which case i t  
would be now projecting only 1000 or 2000 feet above the surface of the high level allu- 
vial plains of Tibet and be attracting no particular attention from explorers. 

East of Aling Kangri a great range was observed by the explorer Nain Singh. 
.He left Leh in July 1874, and travelled due east from Rudok for a distance of more 
than 800 miles ; an almost continuous range of snow mountains, he said, trended east- 
wards from Aling Kangri (longitude 81") to the Ninchinthangla peaks (longitude 
90' 30') (see frontispiece to Part I).$ 

Another question that cannot yet be answered is-Are there two Karakoram 
ranges parallel to one another ? There are, we'8hall 

The possible existence of a second 
Kadcoram range. show hereafter, two Hindu Kush ranges (frontispiece to  

Part I), and we have not been able to discover where 
the northern Hindu Kush range terminates towar& the east. 

North-west and south-east of the peak K2 we see in rear of the Karakoram range, 
and a t  a constant distance from it, a very marked water-parting shown on maps, which 
curves back from the Karakoram axis in two places (see areas C and H of chart xxxv). 
It is crossed by numerous passes, the Shimshal(14719 feet), the Khunjerab (16420 feet), 
the Mintaka (16430 feet), the Kilik (15600 feet), the Karakoram (18660 feet).§ 

What ia this water-parting ? Is it a fold of the Earth's crust P Is i t  an easterly 
continuation of the northern Hindu Kush fold, and has it been welded by pressure 

- - - - - - -- 
Map of H d e *  or Nan Khorsem, 1 inoh = 8 milea 

I Amaa to Tibet from the west is easy at thia point, vide Sii Thomas Holdioh'a In&. 
&wai &port, 0. T. Burvy of India, 1874-76. 

f, The two Muztagh paaaes, the a s s h  of whioh wm omasad by Younghmband, ere on the t Karskmm range. F Eeig t of weatern Muztagh paas 19029 feet. Ferber's aneroid value, Qcographioal J m d ,  Vol. XX, Dee. 1907, p. 639. 
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into the Karakoram a t  K2 ? These are questions we are quite unable to answer. 
No second Karakoram range has been shown upon the frontispiece to Part I ;  i ts  
existence as a separate crustal fold is conjectural, and i t  would be unsafe to draw 
conclusions as to structure from observations of drainage. It is possible that the 
Karakoram range has thrown off bifurcations, and that these have complicated the 
orography. 

Even the great Karakoram peaks themselves seem to follow two alignments. 
The Masherbrum peaks and peak 63 (table v of Part I) surmount a ridge parallel 
to that on which the peaks of KZ and Gasherbrum stand, and a t  a distance of ten miles 
from it. Of the Karakoram peaks north-east of K2 we have no knowledge, and there 
is no more likely spot than this for great undiscovered peake to be existing. 

Colonel Montgomerie gave the following account of the mountains of western 
Tibet, of which the Karakoram is the backbone : " From 

Comparisons with the Alps. "any point in the Punjab a t  the foot of the Himalaya 
" it takes a man assisted by a pony sixty-six days to cross the mountains ; and I think 
" that even if a man tried his utmost he could not well do it under fifty-five days ; during 
" that distance the road is for twenty-five marches never under an elevation of l6OOO. 
"feet, and during forty-five marches never descends below 9000 feet." 

" The Alps, I suppose, would take, a t  the outside, three days for a man to cross, 
" and I believe that a gopd walker can cross from a village on one side to a village on 
" the other in one summer's day. The Munshi took twenty-five days to march from 
" the last village south of the Karakoram to the first village north of the Karakoram." 

" In no parts of the Alps," writes Sir Martin Conway, " is there anything like the 
" amount of rock ruin, even in proportion to the size of the mountains, that one hds 
" in these dry districts of the Karakoram."* 

The Karakoram is a more arid and less wooded region than the Himalaya; its 
topographical features are consequently different. Rain-water runs off more rapidly, 
lew sinks below the surface, and the rocks are not protected to the same extent against 
variations of temperature by a mantle of verdure. 

The Hind% Kwh.  

Humboldt believed that the Hindu Kush range was a continuation of the Kuen 
Lun,? aud an examination of the frontispiece to Part I shows how natural such a sup- 
position was. Even now we cannot draw the crustal folds of the Pamir plateau or - 

of the region to its south-east. 
Trigonometrical observations and topographical surveys have shown that the 

Hindu Kush consists of two distinct parallel ranges.$ The highest peaks and the 
deepest gorges are found on the southern range, and smaller variations of relief on 
the northern. 

W. M. Gnway : Climbing in the Himaluy01,lSgL 
t A. VOII Humboldt : Cwmo9, VoL 11, page 164. 
$ Holdioh'e India, pwe 84. 
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The northern Hindu Kush range bears the same relation to the southern, as the 

Drainage of the Hindu Kush 
Ladak range does to the Great Himalaya in Nepal : that 

trough. is to say, the northern is the primary water-parting, and 
its drainage escapes through the gorges of the loftier southern range. 

The Hunza river rises beyond the southern range and cuts through it. Simi- 
larly the Gilgit river drains the trough between the two Hindu Kush rang- for 
40 miles and escapes through the southern range; the crests of the two ranges are 
13 miles apart in the basin of the Gilgit. The Kunar river drains the interior of the 
trough for over 60 miles and pierces the southern Hindu Kush range a t  the Ishpirin 
defile.* The Panjshir river drains a great length of the trough and passes through 
the southern range to the Indus.? 

West of the peaks of Tirich Mir a portion of the trough appears to belong to the 
system of the Oxus, and still further west is a second and similar alternation of the 
drainage.? (Chart xx : figure 2 of chart XXI : chart XXXV.) 

The frontispiece of Part I and the section in chart xx show that the southern Hindu 
- 

Kush range is a western extension of the Karakoram 
Continuity of the Hindu Kwh. fold,$ and on page 98 we decided to assume the 

water-parting between the Hunza and Gilgit rivers as the boundary mark between the 
two names. 

For a distance of 140 miles, from the Hunza-Gilgit water-parting to the peaks of 
Tirich Mir, the Hindu Kush rises to no great altitude, and the origin4 alignment 
.can in places be only traced by the presence of huge pyramidal masses 20000 feet 
high, which have been carved out of the range. 

North from Tirich Mir a perpendicular buttress projects from the Hindu Kush 
and deflects the Oxus to the north: i t  resembles the 

The Tirich Mir buttress. buttress of Kamet (page 92), and in the same way 
as the latter issues from the culminating point of the Zaskar range, so does the former 
potrude from the Hindu Kush a t  the place of its greatest vertical expamion. The 
association of a giant peak surpassing all its neighbours with a perpendicular ridge 
seems to indicate that the crust of the region has been subjected to extraordinary cross- 
pressures. 

It will be seen that the drawing in figure 2 of chart x u  does not reproduce the 
representations of the frontispiece to Part I ; the &ver- 

The clash of ranges at Tirich Mir. gence helps to illustrate the uncertainties surrounding 
the orographical problem. In the frontispiece of Part I 

we have shown the two parallel Hindu Kush ranges extending westwards from longi- 
tude 74' and forming the basins of the Panjshir and of the Hari Rud : the range 
pierced by the Kunar river a t  Chitral is, in tlus chart, the southern Hindu Kush. 
In figure 9 of chart xxr we have suggested an alternative solution, and have made 

- -- - - - - - -- 

Northern Tramfrontier Sheet No. 2, 1 inoh - 8 m i l a  
t North-west l'rennfrontier Sheeta Noe. 26, 27, 1 inch = 8 milw. 
J chart xx illustrates the ~outhern range only. On thin chart the Kunlu river has been wrongly called the Yar~nun~ 

is 8 10081 name for one section of the river. 
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the two Hindu Kush ranges conjoin near the mass of Tirich Mir, and continue there- 
after as one, range. According to chart XXI the range pierced by the Kunar river 
near Chitral and the range forming the southern limit of the long trough drained by the 
Panjshir river are extensions of the great Kailas fold, a further extension of which 
then becomes the southern rim of the basin of the Hari Rud.* 

Westwards from Tirich Mir the Hindu Kush continually throws off minor branches 
and declines in height : in longitude 6830 its peaks rise above 16000 feet, in 66" 
they rise to 12000, in 63' they hardly reach 10000. 

It is not known whether the water-parting between the Indus and the Helmand 
(longitude 6830) is a structural bifurcation from the Hindu Kush or whether i t  is a 
ridge carved by rain: its elevation rapidly diminishes as it extends southwards from, 
the Hindu Kush. 

The beds of the great rivers that pierce the southern Hindu Kush range, pro- 
vide thoroughfares, and the number of well-known 

Passes over the Hindu Kwh. passes over this range is consequently not large. The 
Darkot (15000 feet) is perhaps the most important ; it 

crosses the range opposite to the Baroghil(12460 feet) and Shawitakh (12560 feet) passes 
of t,he northern Hindu Kush. 

The northern Hindu Kush is pierced by a few torrential streams, but by no great 
river. It is crossed by an extraordinary number of passes : west of longitude 67' 
there are the Sharak Kushta, the Barkak and several others between 10000 and 11000. 
feet. Further east there are the Irak (13600 feet), the Chahardar (13900 feet), crossed by 
the Afghan Boundary Commission in 1886, the Kaoshan (14340 feet), crossed by Alex- 
ander the Great, and the Khawak (11640 feet), a great trade route.? In  the Tirich 
Mir region there are the Dorah (14800 feet), the Agram (16630 feet), the Nuksan 
(16050 feet), the Khatinza (17500 feet) and the Sad Ishtragh (17450 feet). Between 
the last named and the Kilik pass, near the trijunction of the basins of the Indus, 
Oxus and Tarim, there are numerous passes which average in height about 16000 feet, 
two of them however being low, namely, the Baroghil (12460 feet) and the Shawitakh 
(12560 feet). These lists do not pretend to be complete ; a few names only have been 
mentioned to indicate the general elevation of the lowest notches in the Hindu Kush. - 

* Map of Afghanistan, 1 inch 1. 16 miles. 
t Holdich's Ittdia, page 86. 
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THE RANGES OF NORTHERN TIBET AND TURKISTAN. 

The Aghd, the Kuen Lun and the Altyn Tagh. 
But little is known of the Aghil range ; it was discovered by Sir Francis Young- 

husband, and a few of its peaks have been observed by 
The Aghil range. 

surveyors; but its length and direction have not been 
determined. The position given to i t  on the frontispiece to  Part I and its junction 
with the Sarikol range are conjectural. The peaks observed between the Kuen Lun and 
Karakoram ranges along the upper courses of the Yarkand river appear to be 
scattered rather than aligned, and the region seems to resemble in complexity that 
between the Indus and Kunar rivers. 

It may be that the Kuen Lun, Aghil and Karakoram folds have been pressed 
against one another; all the ranges of Tibet tend to converge a t  the north-western corner 
of tho plateau, as though they were trying to escape through the neck of a bottle ; once 
having passed the neck they separate again, but during the passage they appear to 
suffer from extreme compression. 

The Kuen Lun range runs in an east and west direction through northern Tibet (vzde 
frontispiece to Part I) ; as far as we know, there are in the 

The Kuen L w  
Kuen Lun no outer and lower parallcl ranges as there are 

in the Himalaya, and from longitude 76' to 83' the Kuen Lun may be described 
aa the northern border range cf the Tibet mass. It is, however, only west of longitude 
83" that the Kuen Lun faces the Tarim desert : east of this its branch, the Altyn Tagh, 
becomes the border range.* 

The absence of outer and lower ranges has an effect upon the drainage : there are in 
the Kuen Lun no long valleys like the Dehra Dun, and rivers instead of converging, like 
those of the Himalaya, inside the mountains flow more directly down from the snows, and 
enter upon the plains in greater numbers and with smaller volumes. South of Khotan 
and Kiria the rivers issue from the Kuen Lun a t  intervals of 20 miles ; on the Himalayan 
side the average interval exceeds 60 miles. 

From the snows to the plains of India the Himalaya are 80 or 90 miles broad ; 
from their crest to the plains of Tarim the Kuen Lun are 40 or 60 miles broad. 

The portions of the Kuen Lun drained by the Yarkand and Karakash rivers are 
known as the western Kuen Lun, the remaining lengths as the eastern. Many trigono- 
metrical observations of peaks have been made in the western Kuen Lun, but our 
knowledge of the eastern range is confined to that gained by explorers, among whom 
Prejevalsky and Sven Hedin are ?re-eminent.* East of longitude 86' the Knen Lun 
is known as the Arka Tagh. 

For map, eee HoMich'a Tad & M &&w. In the frontispiece chart of Part I the arie of the oentrsl Kuen 
Lun hss ban drem too frr north. In longikde a* the ash should haw k u  placed in latitude 36.. chart  XSXV 
repeats this mistake. Chart XXIII in corrwt. 

B 
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The north-eastern portion of Tibet consists of the high level plains and basin of Tsai- 
dam, which are bounded on the south by the Kuen Lun, 

The Altgn Tagh. 
on the north-west by the Altyn Tagh, and on the north- 

e a s t  by the Koko Nor range. The Altyn Tagh was discovered by Prejevalsky ; i t  is a 
precipitous range, and portions of i t  rise above the line of perpetual snow. The easterly 
prolongation of the Altyn Tagh is the great range of Nanshan, considerable lengths 
of which rise also above the snow-line. The principal peaks of the Altyn Tagh are 
Anambarula, Amuninoku, and Koukye, all of which probably surpass 19000 feet in 
height. Both the Altyn Tagh and its continuation the Nanshan appear to be wide 
folds with minor corrugations superposed. The Koko Nor range of Tsaidam is 
parallel to the Nanshan, and the trough between them is over 300 miles long, the 
lake of Koko Nor being situated a t  its eastern extremity. 

As the Kuen Lun passes from Tibet eastwards into China, i t  loses the form of a great 
continuous fold and breaks up into minor ramifications, as 

 ast tab termination of the Kuen the Hindu Kwh does in Afghanistan. There is however 
Lun. 

this difference, that whereas the Hindu Kush does not 
split up into secondary folds, until i t  has emerged from the high plateau and descended to  
lower levels, the Kuen Lun begins to throw off its branches before i t  has left Tibet. 
Eastern Tibet is very intricate, no surveys have been made, and i t  is not possible a t  
present to analyse the mountains from existing data, or to determine the relations of 
the Kuen Lun to the numerous ranges that traverse western China between 
the Hoang Ho and Yangtze rivers. 

From Prejevalsky's descriptions the Kuen Lun appears to bifurcate a t  its eastern 
extremity into two ranges, the Burkhan Buddha and the Shuga.* 

" The Burkhan Buddha," he wrote, " is a distinct range more particularly on the 
" north, where i t  rises boldly from the perfectly level plains of Tsaidam : i t  has no very 
" conspicuous peaks, but extends in one unbroken chain." 

" The ground gradually rises to another range the Shuga, lying parallel with the 
" Burkhan Buddha and terminating as abruptly on the west, where i t  abuts on the 
" Tsaidam plains.? About 70 miles to the south of the Shuga range rises a third 
" chain of mountains called by the Mongols Baian Kara Ula : they are situated on the 
"left bank of the head waters of the Blue river, called by the Mongols Murui-ussu, and 
" form the watershed between its basin and that of the sources of the Hoang Ho." 

" Between the Shuga and Baian Kara Ula chains lies a terrible desert 14500 feet 
" above the level of the sea." 1 

The Baian Kara Ula range is an eastern extension of the Kokoshili range of Tibet, 
which will be described subsequently. 

The Kuen Lun does not form the water-parting between the Hoang Ho and Yangtze. 
'The most westerl>- source of the Hoang Ho is in the interior of Tibet and south of the 

~ . - - -. . - 

N. Prejedeky : hfongcllicl, VoL 11, page 176. 
t Idem, page 178. 
$ I h ,  page 180. 
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Kuen Lun ; a feeder of the Yangtze drains the southern slopes of the Kuen Lun west of 
' . 

the Hoang Ho's source.* 
The Kashgar and 8am'kol ranges. 

The Kashgar and Sarikol ranges are two parallel mountain chains that form the 

The Karhgar range. eaatern flank of the Pamir plateau, and that trend from 
south-south-eaat to north-north-west (frontispiece to 

Part I). The more easterly of the two is the Kaahgar range, called by Humboldt the 
Bolor and by Hayward the Kizil-Art. It rises like a wall from the Tarim deserts, and 
is surmounted by glaciers and snow-clad peaks. 

The Kashgar range is shown on the chart as a direct continuation of the Kuen Lun 
on the high authority of Stoliczka, but its connection with the Tian Shan is not under- 
stood (chart XVII). 

North of the Kungur peaks (table IV, Part I), the Kashgar range appears to bend 
towards the north-west ; a t  its bend i t  bifurcates, and throws out a branch range on 
the convex side of the bend. The Gaz river cuts through the range a t  the bifurcation 
a few miles north of Kungur. Prom its crest to its easternmost flank, where its 
further continuation is buried under sand, the Kashgar range is 60 miles wide.? 

The Sarikol range, running parallel to the Kashgar on the west and a t  a distance of 

The Sarikol range. 
30 or 40 miles from the latter, is the lower range of the 
two, and its peaks do not reach 20000 feet. Nevertheless - 

it is a primary water-parting of Asia, its western slopes draining into the Oxus and 
sea of Aral, its eastern into the Tarim river and lagoons of Lob Nor. The Sarikol 
range separates the Taghdumbaeh Pamir from the Little Pamir, and is crossed by 
the Nezatash (14915 feet), the Uzbel (15200 feet), and other passes. 

The connection between the Sarikol and Aghil ranges is conjectural (frontispiece 
to Part I). 

The trough enclosed between the Kashgar and Sarikol ranges is known as the Sarikol 
valley; i t  extends from the Taghdumbash Pamir to the little Kara Kul lake. 
" The valley of Sarikol," writes Sven Hedin, " is a gigantic trench piercing to the 
" heart of the stupendous Pamir plateau." The plains of the Taghdumbash Pamir form 
a southern continuation of the Sarikol valley ; and the plains of Tashkurgan and of 
Tagharma are in the valley itself. 

The Tashkurgan river drains the Taghdumbash Pamir and the northern slopes of 
the Hindu Kush, and passes into the Sarikol valley : in the valley i t  bends a t  right angles 
and piercing the Kashgar range escapes through a precipitous gorge to the plains of 
Tarim. The northern portion of the trough between the Sarikol and Kashgar ranges iR 
drained by the Ulu-Art and Ikebel-su rivers, which unite and force a passage through 
the Kashgar range at the Gaz defile. 

The Kashgar and Sarikol ranges thus constitute a system similar to that of the 
Hindu Kush and to that of the Great Himalaya. The Great Himalaya is higher than 
- - .- 

On chart xvrr the name of the Chinese river wae spelt Huang ; the new edition of the Imperial Gazetteer 
rplls i t  Hmng Ao. 

t W p  to illustrate Younghusband's exploration& 1 inch - 16 miles. 
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the Ladak range, but the latter is the water-parting, and its drainage cuts across the 
former through deep gorges. The same phenomenon is witnessed in the Hindu Kush ; 
the southern range is the higher but the northern is as a rule the water-parting. Now 

we see the Kaahgar range higher than the Sarikol and yet pierced by the 
drainage of the latter. 

The chart xv11 was drawn primarily to illustrate the apparent clash of the 
Great Himalayan alignment with the Hindu Kush on the 

The northern termination of the 
Kashgar range. north-west and with the Arakan ranges on the east, but 

i t  has been made to include the clash of the Kashgar and 
Tian Shan ranges. East of the Brahmaputra we find the Great Himalaya 
trending perpendicularly to the Arakan chains; a t  the Indus we see the same 
giant range advancing a t  right angles to the Hindu Kush. And now to the north we have 
the Kashgar range running perpendicular to the Tian Shan. Just as we ask ourselves 
what has become of the Himalaya beyond the Brahmaputra and the Indus, so are we 
unable in Turkistan to decide how the Kashgar range has ended. The forces, that create 
ranges, are so powerful compared with those that are available for our experiments, that 
we cannot calculate the probable results of their action even under given conditions. 
What would now be the effect on the Himalaya if the earth's crust were compressed 
between Afghanistan and China, and if wrinkles like the Hindu Kush and the Arakan 
mountains began to advance from the west and the east against the ends of the 
erjtablished range ? Would the axis of the latter be crumpled in plan into horizontal 
sinuosities, or would i t  be forced into an uniform curve, or would its ends be bent and 
crushed ? These are questions we are unable to answer. 

The Tian Xhan ranges.* 

The Tian Shan mountains are a complex system of ranges. They appear to be a broad 
crustal fold, the surface of which has been wrinkled into minor folds by forces acting 
from different directions. Severtsoff writes of the Tian Shan as "a system of 

intersectional ranges :" the predominant ranges, he thinks, trend from east-north-east 
to west-south-west.? 

Prince Kropotkin writes, that the two main directions of mountains in the Tian 
Shan are, firstly, from south-west to north-east, and, secondly, from south-east to 
north-west.$ 

The axial line of the Karakoram range haa been shown to trend from south-east to  
north-west and to bend round into the Hindu Kush, which runs from north-east to south- 
west. A remarkable parallelism, therefore, exists between ranges situated north and 
south of the mo~intrrin knot, known in geography as the Pamir plateau. 

Of the Tian Shan ranges that run from south-east to north-west the Kugart range is 
the best known : of the ranges that run from south-west to north-east there are 

V d e  Tian Shan platmu, page 68 of this paper. 
f Joolrnal, Royal Qcographical J'ocieiy, Vol. XL, 1870. 
1 Geogmphid Journnl, Vol. XXIIJ, 1904. 
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the Alai and the Trans Alai, as shown on the frontispiece to Part I, and then south of 
Isaik Kul there are the Terek range on the north, the Koktan in the centre, and the 
Artush bordering the Kashgar plains. The great lake of Issik Kul (height 6300 feet) 
lies north of the Terek range and is itself bounded on the north by the two granite 
ranges of Alatau. 

At one time it was believed that no sedimentary rocks existed in the Tian Shan, but 
$emenoff showed that this idea was incorrect, and now Merzbacher writes, that the most 
elevated region of the Tian Shan is built up exclusively of sedimentary rocks. 

The great peak of the Tian Shan is Tengri Khan (23600 feet, vide table VI of 
Part I) ; the height of its summit surpasses all other peaks of the region by 3000 feet.* 
Many of the crests of the Tian Shsn are above the line of perpetual snow, and it is 
probable that several peaks of 20000 feet exist on the central ranges. The outer ranges 
do not carry peaks above 16000 feet. 

The outer ranges of the Himalaya enclose longitudinal valleys known as " duns," 

The " duns. ' ' but such valleys are not found in the Kuen Lun. On the 
southern flank of the Tian Shan they occur in places. " A 

" peculiar feature," wrote Stoliczka, " in this part of these hills consists in the occurrence 
" of extensive plains, to which the name ' jilga ' is generally applied. It means origi- 
" nally, I think, merely a water-course, and on a large scale these plains may be looked 
" upon as water-courses of former water-sheets. They occur a t  the base of the 
" high range, and in some respects resemble the ' duns ' of the southern slopes of the 
" Himalaya. North of Tangitar one of these large plains occurs within the lime-stone 
" rocks, being surrounded by them on all sides. It must be about 30 miles long from 
" east to west, and about 16 from north to south."t 

Profemor Ellsworth Huntington writes : " Apparently the Kashgar basin has long 
" been growing smaller by a process of continuous folding along the edges."$ 

In his Central Tian-Shun Mountains, however, Merzbacher gives a different deacrip- 
tion of the outer hills : the latter he describes as "subsiding gradually in ranges of 
" transverse spurs, whose cape-like ends project far into the desert." " Much of the 
" outermost skirting range," he says, " lies buried in the enormous rubbish heaps of 
" the high plain. The hitherto prevailing conception of the wall-like dement of. the 
" range must be given up." 

At their eastern extremity the Tian Shan are separated from the Altai mountaim of 
Mongolia by the remarkable depression known as the Zungarian strait, 2300 feet high ; 
on the west they end in the Alai and Trans Alai ranges. 

The Trans Alai range ie the snow-clad chain, which borders the Pamir plateau on the 

The Trans Alai north : it is a very important range and surpasses in height 
all the mountains that intersect the Pamir plateau itself. 

Kaufmann (23000 feet) is its highest peak ; the pass of Kizil-Art crosses it at  a height of 
14260 feet. 

Mtmbacher: b'edral Tiun-Jlhan M.u!)&ww, lN6. 
t T. D. Fomyth : Report oJ a Jlisaion b Yarkund, 1873, page 4 7 2  
$ Compere this, Ilnwrver, with our r~eceding note on the Kuen Lun in whinh we come to the conclusion that outer 

nr~~gen are ab.wnt. 
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The Alai range is north of the Trans Alai and lower ; its average elevation does not 

The Alai. 
exceed 16000 feet, and its highest peaks rise only to 19000. 
feet. There are several passes crossing i t  a t  12000 feet. 

The trough between the two ranges is known as the Alai valley; it is crossed by 
the water-parting between the Aral and Tarim basins, the drainage of its eastern por- 
tion flowing one way, that of its western the other. The height of the trough a t  the 
water-parting is 11000 feet ; the surface of the trough has gentle slopes, and the actual 
water-parting is not a marked feature. The two rivers flowing eastwards an& 
westwards from the water-parting of the Alai valley are both named Kizil-su. 
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THE RANGES OF THE INTERIOR O F  TIBET. 

A complete history of the exploration of Tibet will be found in Sir Thomas Holhch's 
Tibet the Mysterious. Chart XXII of this paper illustrates the tracks of explorers 

-over the interior of Tibet. 
Many parallel mountain ranges have been found to exist, but their number and 

positions and heights are not at present known. 
Between the Kailas and Kuen Lun ranges there are probably a t  least five primary 

ranges, and of these the prolongation of the Karakoram fold is probably one. We 
have observed the continuity of the Great Himalaya, and of the Kailas and Ladak 
ranges in Southern Tibet; and explorers have traced the Kuen Lun on the nerth of 
Tibet from west to east. It is probable, then, that the central folds will also be found 
continuous ; they may bend in places, and subside in others ; they may bifurcate and 
conjoin; and different lengths may appear to overlap ; but the primary folds probably 
do continue from Afghanistan to China. 

Many explorers have emphasised the fact, that the interior ranges of Tibet and 
their intermediate troughs trend from west to east.* Nain Singh followed a long west 
and east trough containing a continuous series of lakes : Bower followed another, and 

Sven Hedin a third. The large rivers of central Tibet appear to flow in west and east 
directions. 

" Like all the previous lakes," wrote Sven Hedin in northern Tibet, "lake No. 18 
" had an east and west direction, and was one of the largest we encountered ; we travel- 
" led beside i t  the whole of the day (sixteen and three-quarter miles)." 

The explorer Kishen Singh traversed Tibet from south to north, from Lhasa to 
Saichu, and crossed over several ranges : the following are extracts from the 
narrative of his journey in the interior of Tibet : -? 

(i) " We reached the Lani La pass by an easy ascent of 2$ miles. The Lani La 
" range comes from the east, and far off in that direction are some high 
" peaks covered with perpetual snow." 

(ii) " Tangla is a long range of mountains running from the west and possess- 
" ing several snowy peaks and spurs." 

(iii) " The Dungbura Khuthul pass has an easy ascent. The general direc- 
" tion of the long range bearing this name is from east to west." 

(iv) " We crossed the Kokoshili Khuthul pass which has an easy ascent. 
" The general direction of the range is from east to west." 

( v )  " A steep ascent of 18 miles then brought us to the Angntakshia Khuthu 
6 L pass. The Aneirtakshia, a long range, lies east and west."$ 

-- - - - -  . 

Littledale's evidence does not support this view ; he marched southwar* from the Kuen Lnn (latitude 3 6 O  5')  to 
' Tmgri Nor (latitude 30' 40'). " f e  never, " he wrote, " saw a single oontinuous mountain range, till we oame tm the Ninchin- 
'' thsngla" 

7 J. B. N. Hennessey : Report on the ezplomtioM in &eat Tibet aid Mongdia made by A-K in 1879-1882. 
t Angirtakshia is a local name for an easterly e x h ~ i o n  of tho Kueu Lun. 
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The Ninchinthangla range, however, trends from north-east to south-west and 
forms a very striking exception to the east and west rule (frontispiece to Part I). 

If we examine the frontispiece to Part I we see that the meridian of 92' crosses 
foiu rangea in Tibet; of these that situated north of latitude 30" is the Lani, that 
north of 31" is the Ninchinthangla. The Tangla is near latitude 33" and the 
Kokoshili is north of 35". Kishen Singh's Dungbura range, which has not been 
shown on the chart. runs north of 34" between the Tangla and the Kokoshili. 

On the west of Tibet we find between the Kailas and the Kuen Lun ranges two 
primary ranges, the Karakoram and the Aghil: on the east we find five, the Lani, 
the Ninchinthangla, the Tangla, the Dungbura and the Kokoshili. Two ranges 
are thus known to enter the interior of Tibet from the west, five have been observed 
to issue from it  on the east. How the two become five, or whether there are not 
more than five we do not know. 

Ifhen Wellby travelled in 1896 from west to east through northern Tibet he 
marched south of the Kokoshili range for a long distance. 

The Kokoshili. Sven Hedin explored the long trough to the north 
between the Kokoshili and Kuen Lun. I n  longitude 94" 20' the Kokoshili is cut 
through by a northern affluent of the Yangtze, but cast of the gorge i t  becomes, under 
the name of Baian Kara Ula, the water-parting between the Hoang Ho and Yangtze. 

Wellhy's " Abrupt " peak and t.he " King Oscar " peak of Sven Hedin rise from 
this range. 

The Tangla range forms the water-parting in Tihet between the Yangtze 
and Salween, and Prejevalsky traced an affluent of the 

The Tangla 
former almost to its source in the Tangla a t  a height 
of 16400 feet. 

The Ninchinthangla range forms the water-parting between the Brahmaputra 

The Ninchinthangla. 
and the .closed basin of Tibet. Mr. and Mrs. Little- 
dale crossed this range by the Goring pass (19587 feet), 

and the explorer Nain Singh crossed i t  by the Khalamha pass (17200 feet). Little- 
dale described the Ninchinthangla as " a magnificent range-a succession of snow-clad 
"peaks and glaciers." "Above all," he wrote, " towered with cliffs of appalling 
" steepness the great peak of Charemaru, 24153 feet. From this point of view i t  was 
" perhaps one of the most impressive mountains I had ever seen.*" Colonel Montgomerie 
wrote : " To the south the lake is bounded by a splendid range of snowy peaks flanked 
" with large glaciers, culminating in the magnificent peak Jang Ninchinthangla which 
" is probably more than 25000 feet above the sea. The range was traced for nearly 
" 160 miles running in a north-easterly direction. " t 

In  a table below we give a list of all the highest peaks of Tibet, the positions of 
which are known : we are unable to identify either Montgomerie's peak Jang Ninchin- 
thangla or Littledale's Charemaru : the two were possibly the same peak.$ In 1904 

UcographiCQI J d .  VoL 1'11, 1896. 
t Cmlonal Montqomerie'a hbmorandum on the exp:oratipo of the Nun Tso or T Nor Lake, 1873-74. r #or Ryder'a nota on Bonnlot's p n k s  we &porf on B- ~ d o u  with the Rlrontir C m a i s n a ,  1904 
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Major Ryder fkedaeveral peaks of the Ninchinthangla range from the neighbourhood 
of Lhaaa. 33217 was the highest peak he observed, and its altitude was 23266 feet. 
It is unlikely that Montgomerie's or Littledale's peaks are higher than this. 

The Lani range is an easterly branch of the Ninchinthangla. 
Nothing is known of the Dunghura range beyond the fact that Kishen S i q h  

crossed it. 
The prolongation on the frontispiece to Part I of the Karakoram range and its 

conjunction in longitude 92" with the Ninchinthangla 
Prolongation of the Karakoram in 

Tibet are hypothetical. We do not yet know that the Kara- 
koram range does continue eastwards through Tibet, 

and even if it be proved to do so, i t  may be found to connect with the Tangla range 
north of latitude 32", and not with the Ninchinthangla. Observers of the Hima- - 
laya, the Ladak and the Kailas ranges have been impressed with their apparent conti- 
nuity, and it is perhaps natural that we should seek for the prolongation of the 
gigantic Karakoram : the prolongation, however, as entered on the chart, is intended to 
suggest only the possibility of continuity, and must not be accepted as fact. 

The following extracts show the evidence upon which the drawing of the Kara- 
koram range in the chart has been based :- 

" A  number of lofty' snowy peaks were determined from various statione of the 
"route survey, the most remarkable being the Aling Kangri group north of the Indue, 
"which, judging from the great mass of snow seen on its southern face during August 
" and September, must be upwards of 23000 feet above the sea, possibly as much as 
" 24000 feet. The line of perpetual snow on the southern slopes of the Ladak 
" Mountains approximates to 20000 feet in the same latitude, and i t  would require 
"several thousand feet of snow above that line in order to be very imposing a t  80 
" miles, at  which distance the Pandit first saw it. The Aling Kangri group had never, 
"as far as I am aware, been heard of before. They appear to be a continuation of 
"the range between the Indus and the Pangong lake."* 

" The Pandit Nain Singh left Leh in July 1874, and succeeded in crossing the 
" Tibetan frontier in the disguise of a Lama or Buddhist priest. Pas* about 15 

" miles to the north of Rudok, he travelled nearly due east for a distance of more than 
" 800 miles over a new line of country, separated from the valley of the Sangpo 
" (Brahmaputra) by an almost continuous range of snow mountains, which trends a ~ t -  
'wards, from the Aling Kangri peaks in longitude 81° ,  up to the Ninchin tha~h peaks 

"in longitude 9w. '  '7 
In central Tibet the line of perpetual snow does not lie much below 20000 feet, 

and the fact that Nain Singh saw snow extending almost continuously from longitude 
81' to 9 0 r  is evidence of the existence of a great range. 

- - - - - - -- - -  

Colonel Montgomerie's Heport o,r Traru-HinurZuyaa EzZJoraliona, 1867. The range between the Indue and ths 
Pmgone lake the h d a k  range : pombly the Kailaa range passes between. The Aliig Kangri peaks are now be- 
lieved to stand cotlaiderably north of the Railas and Ladak rang-, and t~ mark perhape the continuation of the Karakoram. 

t An wcount of Trahs-Himalayan expiorations by General J. T. Walker, R.E., F.R.S. General R e p H ,  Tri8oMmtet- 
rial 8urvy o/ India, 1874-76, pngc 20. 
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The question may be asked whether the snowy range seen by Nain Singh 
to the south may not have been the Kailas range: the answer is that the snow 
peaks fixed by Nain Singh stand 120 miles north of the Brahmaputra and many milee 
north of any known peaks of the Kailas range. Thus the Aling Kangri peaks east of 
longitude 81" are a hundred miles north of the sacred peaks of Kailas. In longitude 
85" the two ranges are one hundred miles apart and in 86" eighty miles. The interval 
in fact between Nain Singh's range of peaks and the Kailas range is greater than 
between the Kailas and Ladak ranges, and if we have regard to the spans of the known 
ranges of the Himalaya and Karakoram, we fhd  it more reasonable to assume that 
an intermediate trough separates Nain Singh's range from the Kailas than that the 
two apparent chains of mountains are the respective flanks of one broad range. 

The following extract from Captain Trotter's report on the Trans-Himalayan 
explorations of 1873-74-76 gives further details of Nain Singh's journey :- 

Four hundred miles east of Aling Kangri "the Pandit encountered a lofty 
'' range of mountains, which was crossed by a high hut easy pass called Kilong, 18170 
" feet above sea-level. This range runs southwards and culminates in some enormous 
"peaks known by the name of Targot, from which extends eastwards a snowy range, 
"numerous peaks of which were fixed by the Pandit along a length of 180 miles 
"up to where the range terminates in a mass of peaks called Gyakharma, which also 
" lie to the south of and very near the Pandit's road. The highest of these Gyakharma 
"peaks was ascertaine'd by measurement to be 22800 feet above sea-level, and the 
" Pantlit estimates that the highest of the Targot peaks, which lay too far off the road for 
" vertical measurement with a sextant, is a t  least 2600 feet higher ".* 

" This range is probably not the watershed between the basin of the Brahma- 
" putra and the lake country of Tibet, for the Pandit was informed that to the south 
" of the range, running parallel to it, is a large river, the Dumpho or Hota Sangpo 
" which ultimately changes its course and flows northwards into the Kyaring lake." 

"Thus far on his journey," continues Captain Trotter, "the Pandit states that 
" a cart might be driven all the way from Noh without any repairs being made to 
"the road, but in crossing the range the path was steep and difficult. There is an 
" alternative road, however, lying to the north, by which it is said a cart might 
" easily travel to the Nam TJO lake without meeting a single obstacle en route." 

" The height of the plateau traversed appears to vary but little between 16000 
" and 16000 feet above the sea-level. The plain is as a rule confined between moun- 
" tains which run parallel to the direction of the road, but a few transverse ridges 
" of considerable elevation are crossed en route." 

The following table gives a list of the high peaks of Tibet, as known to us, and 
shows the ranges on which they stand. A few of the heights such as those of Leo 
Pargial, Kamet, Kailas and Gurla Mandhata have been well determined and may be 
ranked as values of the Grst claw in accuracy : many heights, however, which have been 
-- - ~ -  - .- - - 

Estimates of heights of snow peaks have so often proved to be in error by BOOOor BOO0 feet, that no weight what- 
ever is now attached ta them 
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measured trigonometrically from stations in Tibet, can only be regarded as belong- 
ing to the second class of accuracy, owing to the uncertainty attaching to the altitudes 
of the points from which the obsemations were taken. The sextant observations of' 
Nain Singh furnish heights of the third class of accuracy, whilst his numerical 
estimates of A h g  Kangri, Targot Yap, and Samdankang Jang can only be accepted 
as indications of imposing height. The explorer Kishen Singh contented himself with 
recording against Jhomogangar " very high", and refrained from numerical estimation. 

TABLE XXVI1.-The high peaks of Tibet. 

NOTE.-Pe& of the Himalaya, Ku&oram and Kuen Lun ranges have been excluded, as thin lint is intended to 
show peakn that stand in the interior of Tibet. 
-- - -- -- - -- - - -  - -- - . 

I 
I R-P Kama Height in feet. Latitude. Longitnde.. Authority. 

- - -- I 

I 
- - i -- 

O f  I Q I  I l  

Leo Pargial8. . 22170 31 53 5 78 44 5 Great Trigo- 1 Zaakar Leo Pargial N. . 22210 31 54 8 78 8 39 '1 nometrical 
I Kamet . . 25447 30 55 13 79 35 37 I Survey. 
-- - - - - -- - 

( Gurla Mandhata . 25355 30 26 18 81 17 57 G. T. S w e y .  
I . 20751 30 13 46 . 21007 30 14 25 82 8 38 

. 21431 30 17 8 82 8 53 

. 21383 30 9 3 7  82 9 4 1  

.I 22032 30 7 2 6  8 2 1 1 1 7  ' 
1 . 21568 ,301235 8 2 1 1 2 8  : .I U)46? 30 1 5 0  8 2 1 9 3 6  1 
I 

I 
. 20168 30 0 4 4  I 8 2 2 1 5 1  ' 

. 21754 29 51 0 82 42 16 
W1d2 . 20684 1 29 47 57 82 43 23 / Ladak W1" . : 22492 2 9 4 5 2 9  8 2 4 5  0 1 . ' I WISS . 21477 , 29 40 32 1 83 0 3 

I W161 . I  20000 1 29 36 11 83 13 21 1 Wl50 20244 1 29 30 57 83 21 53 1 
I ~ 1 %  : 20560 2 9 3 3 5 1  8338  5 

WE'' - 1  20727 1 28 45 34 1 85 32 27 1 Wa .I 212.18 j 28 46 37 1 85 32 57 
W77 . 21169 28 56 58 86 5 12 ' 
W48 . 21263 2 8 5 7 5 8  1 8 7 1 6 5 1  1 
~ l l ~ o r ~ ~ j i n k a n ~  1 23600 

I 

Sang 
R12l 
RlZ2 
Rl23 
RP8Q 

of Nain Sinqh) 
Rae (a )  ((y8a sdimbo 

The v$oes of longitude are based on the determination of the difference betwoen Chemaioh md Madr~ made in 
1894-88, and not thoee hitherto accepted by the Survey of India 

a 8 
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TABLE XXV1I.-The high peah of Tibedcontinwd. 
- . -- - 

I I I 

Name. Height in feet. Latitude. Longituda* Authority. 

. . 
I 

I _ -  -- -- - 

81 13 57 Wood. 
81 18 60 G. T. Survey. 
84 33 33 2 

~ 2 1 5  . 20437 
. 22028 

I Wl35 . 21600 
. 23150 

~ 1 8 3  . 31300 
~ 1 2 2  . 20628 

Kailes Harkiang ... 
~ 1 1 7  - 20616 

I Woo or Cho-ur-dzong 21300 
I We . 20752 

W8a . 21097 
WS7 . 21227 
W@ . 20000 1 

R273 . 21439 

8 5 1 0 1 1  J 
85 14 0 Nain S igh .  

' 85 23 8 

- - - - 

85 24 53 ' 
:: 4: t: f- Ryder. 

I 

- -- 

81 2 1 
8 3 0  1 
84 45 Nain Singh. 
86 15 1 

8 8 3 0  J 

i 
89 50 0 Explorer A-K. 
9 0 2 3  1 

l g g 2 ; 1 1  ,I 

90 32 46 1 

" or :  I 

( Central Tibet Kangdigar . 
I . ... 

range in Tibet Aling Kangri . . 
that may Ning Kangri . 
possibly prove Shyalohikang Jang . 

I 

Xorth-Eastern 

I 
Tibet . . . Caroline . 1- I 35 20 0 97 30 n / Rockhill. i 

24000 
. . 

Very high, 

The values of 1ongit.ude are based on the deterruination of the difference between Greenmnh sntl Madrm d e  in 
1894-96, and are not those hitherto accepted by the Survey of India 

t The Samdankung Jang of Nain Singhis probalfy identlual wit11 RB3 : pouibly the Satnth K h o ~  of A-K is the 
same peak also, and not RsZ2 as shown. The P&&m of Nain Singh is  roba ably identical with Rz2i Nain LJhh'e 
v a l ~ ~ n  for the heipht of Samdankany Jang has k e n  sllown by Ryder to be over 2000 feet too great. 

to be the Targot Yap . 25000 
continuat ion Gyakharma . :I 22800 
of the Kara- 
koram. I 

- 
Jhomogangar . Very b h  r '  R ~ O  :' 22950 

Ninchinthangla ' 

R291 . I 20207 
R Z I ~  . 21694 
Re12 - 20456 
R217 . 23255 1 

Re'" . 20366 
R s e  or S a m d e n  

Khama of A-K . 20576 
R Z ~ S  . 21543 

I TSamdankang'Jang . 24000 
I Potamolam . . ... 

RzU . 20130 

-- 
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TABLE XXVI1.-The high peaks of Tibet-doncldd. 

R.W. An-. 
1 

Name. 1 Height in feat. 

Abrupt peak . 3 8 3 0 0  8 2 3 0 0  
Noabern Tibet Ullug BiuEtagh ! . & ,6 30 , 87 20 0 

~ O a c a r p e a k  . I ... 3 5 3 0 0  8 7 4 0 0  
- - 

I 

Camp 74 peak 273 . 20010 33 58 3 79 40 28 , 
,, 51 ,, 170 . 20980 32 47 58 81 8 68 
,, 51 ,, 169 . 20730 32 47 10 81 12 40 
,, 57 ,, 185 20100 33 40 37 81 18 2 
,, 109 ,, 84 . 20370 34 32 49 81 33 9 

O l r *  

Latitude. Iwgit.dr* 

Wedern Tibet . 

- 

The rduea of longitude are bssed on the determination of the difference between Greenwich and Mdras in 18M-96, and us not those Iutherto acoepted by the Survey ot India. 

,, 57 ,, 179 . 20200 33 42 15 81 39 26 
,, 51 ,, 142 ., 21020 3 3 2 6 5 6  8 1 4 2 3 1  

144 . 20550 33 35 49 81 55 41 ,, 49 ,, 
,, 51 ,, 165 - 20180 33 26 30 82 12 67 . ,, 32 ,, 116 . 20970 3 3 2 7 6 4  8 2 1 5 3 0  
,, 29 ,, 94 - 20100 33 68 46 82 17 6 
,, 110 ,, 103 . 20260 34 40 19 82 19 19 ( Peak 95 . 20350 33 49 4 82 19 32 

Camp 57 peak 162 . 20650 33 48 55 82 19 41 
I ,, 110 ,, 93 - 20750 34 44 U3 82 20 49 

,, 110 9 ,  94 . 20490 34 43 53 82 21 4 1 
I ,, 51 ,, 163 . 20820 3 3 4 6 3 8  8 2 2 1 1 1  
I Peak 89 
1 Camp 110 peak 92 
I ,, 32 ,, 8 9 .  

Snow Peak 34 . 
20640 34 46 33 82 22 42 
20310 33 48 7 82 22 19 ' Ram Sin&. ' 

20690 33 40 53 82 30 21 ) D"J'- 
20010 34 26 4 83 1 13 Ram Siqh. ' Camp 32 peak 110 . 20480 33 16 24 83 5 18 

I ,, 32 ,, 109 . 20910 33 11 2 83 24 45 
L ,, 32 ,, 108 . 20120 33 15 33 83 29 9 

{ ~ m ~ .  I 
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THE LIMIT OF PERPETUAL SNOW. 

The " snow-he ' ' is the lower limit uf perpetual snow-the line above which the snow 
resists the heat of summer, and below which it all disappears for a certain time every 
year. Snow will remain unmelted in deep ravines long after i t  has disappeared from 
neighbouring summits, but in determining the snow-line we have to consider not ehel- 
tered snow but snow exposed to the rays of the sun. 

The snow-line is dependent upon temperature and snow-fall, and to a lesser degree- 
upon wind. A light snow-fall renders the line high ; the temperature of air a t  the enow- 
line is always below the freezing point of water in regions of scanty snow-fall. 

If snow-fall were everywhere uniform, the height of the snow-line would vary 
with temperature, and would consequently tend to decrease from the equator to the 
poles, as the latitude increased. It would, however, under such conditions, be shghtly 
lower (north of the equator) on northern slopes than on southern, owing to the 
difference between the angles a t  which the sun's raye are inclined to the mountain 
surface. 

On the southern slopes of the Great Himalayan range the snow-line is 3000 feet 
lower than on the northern : this large difference is mainly due to the southern slopes 
being exposed to damp winds from the Indian ocean, which drop their moisture be- 
fore they cross the range. Tibet and the Tian Shan are extraordinarily dry, and 
their snow-lines are consequently higher than those of mountains aituated in the same 
latitudes but in other continents. In western China and in the extreme east of Tibet 
a quantity of rain and snow falls, and the snow-line is low. 

TABLE XXVII1.-Height of the snow-line in Central Asia. 

; Height of 
R q a .  1 Aspect. , Mitvde. , snow-lit10 Authority. 

-. . - - - - . - 
; in feet. 
,-- 

I Punjab Himalaya . 
, 

Punjab Himalaya . 
Zaskar . 
Zaskar . 
Ladak range near Leh. 
fiadak range near Leh. 
Kailas . 

Nepal Himalaya . 
South-East Tibet . . 
Kumaun Himalaya . 
Klumaun Himalaya . 

South 
... 

South 
North 

South 

Nor Lh 
South 
North 
North 
South 
South 

Hooker : Journal, R. G. S., XX, 1851. 
I Gill : Journal, R. G. S., XLVIII, 1879. 

Richard Strachey : Journal, A. S. B., 1 )  XVIII, 1849. 
I 

Montgomerie : G. T. Survey Sytc., Vol. 
VII. ~ 1 Cunningham's Lduk. 

) Drew : Jummoo and Kaahmir terntem&. 

Richard Strachey : J m 1 ,  A. 8. B., 
XVIII, 1849. 

1 
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T ~ B L E  XXVII1.-Height of the snow -line in Central Asia-continued. 

I Range. 

Western Tibet . 

Western Asia. 

Aspect. 

. . . 

Karakoram . . 
Karakoram . . 
Karakoram . . 
Tian Shan . 
Alai . 

Height of 
Latitude. snow-line Authority. 
- 

in feet. 
-- -. 

I I 

South 
North 
North 

. . . 

. . . 

1 Richard Strachey : Encyclopdda 
' Britannica, article Himlaya. 
Drew : Jumnaoo and Kashnair tet-rtibries. 
Deasy : In Tibet and Chinese Turkistan. 
Cunningham's h d u k .  
Hayward : Journal, R. G. S., XL, 1870. 
Cunningham's h d u k .  
Semenoff: Journal, R.G.S., XXXV, 1865. 
Delmar Morgan : R. G. S. ,  Supplement-/ 
ary Papers, 1886. 

The snow-line in Europe an 

- 
Twenty thousand feet is the highest elevation to which the snow-line has been 

observed to recede, and i t  is probable that i t  will be nowhere found higher: the 
snow-lines on the Kuen Lun and in central Tibet have never yet been determined, 

8500 

8500 

Pyrenees . 
Caucasus. 
Alps . 

but they are estimated to lie lower than that of western Tibet, which ia one of the 

... 

. . . 

. . . 

driest regions of the earth. 
We do not know a t  present to what extent the rainfall or snow-fall varies with 

height, nor have we been able to determine the elevation of maximum precipitation. 
Sir Joseph Hooker doubted whether the winds from the Indian Ocean ever reached the 
summit of Kinchinjunga, and he thought that very little snow fell a t  that great 
height.* - 

The outer Himalayan ranges everywhere intercept a large part of the rainfall from 
the Indian Ocean ; the Pir Panjal range, for example, prevents the moisture-laden 
winds from reaching the valley of Kashmir. But the snow covering the Great Hima- 
laya shows that ttere are damp currents a t  high altitudes, which are prevented by the 
range from entering Tibet. 

The water in the lakes of western Tibet is due not to rain falling on the high 
plains but to snow accumulating on the ranges and. descending in glaciers. 

" The height," wrote Richard Strachey, " a t  which i t  is certain that snow will fall - 
" every year in this region (Kumaun) of the Himalaya, is about 6600 feet, and a t  an 
" elevrttion of 6000 feet i t  will not fail more than one year out of ten. The least height " 
"to which sporadic falls of snow are known to extend is about 2500 f ~ e t ,  and of such - 
" falls there are only two authentic instances on record, since the British took possession 
" of Kumaun, viz., in 1817 and 1847."1 

Snow was observed to be falling on one occasion, a t  10 o'clock at  night; in 
February, 1906, in Dehra Dun, at  a height of 2400 feet. 

- - - -- - - 

Himdayan Journnln. Vol. 11, page 390. 
f Jcurnul, daiutic 8ocirty of Benyul, Vol. XVlII, 1849. 
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PREFACE 

N 1807 a Survey detachment was deputed by the Surveyor General of Bengal to I explore the source of the Ganges: this was the h t  expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed, 
during which geographical and geological information has been steadily accumulating, 
and we have a t  length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, t o  
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice a t  the meeting of the latter in May 1906. The pro- 
posal was as follows :-" The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
" these regions. It is therefore proposed to compile a paper summarising the geographi- 
" cal position a t  the present time. " 

Subject to the modification that the scope of the paper should be geological aa 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our reaults in a popular manner. 

Our subject has fallen naturally into four parts, as follows:- 

PART I.-The high peaks of Asia. 
PART 11.-The principal mountain ranges of Asia. 
PART 111.-The rivers of the Himalaya and Tibet. 
PART 1V.-The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been raade as far 
as possible complete in itself and will be published separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, m d  against each section in the table of contents is given the mule of the 
author responsible for it. 



PREFACE 

The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part 11, when the range was being described, and have 
been mentioned again in Part I11 under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : i t  is not possible yet to arrive a t  correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proofe, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 
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THE RIVERS OF THE HIMALAYA AND TIBET. 

THE DRAINAGE OF THE PLATEAUX. 

HE  high plateaux and mountains which we have been describing in Part I1 con- T tain the sources of the principal rivers of Asia. In chart ram the drainage is 
illustrated. 

If we commence a t  the Tian Shan and work round by west to south, and thence 
to east, we find that the rain and snow, which fall on the plateaux, flow to the lower 
levels of Asia in the following ways :- 

(i) The northern slopes of the Tian Shan are drained by small rivers that 
flow on the east into the Mongolian lakes and on the weet into lake 
Balkash. 

(ii) The western portions of the Tian Shan are drained by the Jaxartea (Syr 
Darya) and the western flank of the Pamir plateau by the Oxus (Amu 
Darya). The Jaxartes and the Oxus empty their waters into a flat shallow 
depression of western Asia, and create the sea of Aral. 

(iii) The Helmand, draining the western portions of the Hindu Kush, has its 
course stopped by a small range of hills on the borders of Afghanistan 
and Persia, and, being forced to empty itself into a flat inland desert basin, 
it creates the lagoon of Seistan.* 

(iv) Feeders of the Indus, described in detail hereafter, drain the southern slopea 
of the Hindu Kush and Karakoram ranges, and both the northern and 
southern slopes of the Punjab Himalaya. 

(v) Feeders of the Ganges and Brahmaputra carry off all the water and snow 
that fall on the Kumaun, the Nepal and the Assam Himalaya. 

(vi) The Irrawaddy, the Salween and the Mekong drain the south-eastern 
portiom of Tibet, and flow, the two first into the Bay of Bengal, and 
the last into the Pacific Ocean. 

(vii) The Yangtze and Hoang Ho drain Eastern Tibet, and flow through China 
to the Pacific Ocean. 

(viii) The rivers of the Tarim system drain the interior of the horse-shoe, and 
empty their waters into the shallow lagoons of Lob Nor. 

(ix) The rivers of Central Tibet flow into one or other of the numerous 
Tibetan lakes, and have no outlet to the sea. 

In comparing rivers we can have regard to the areas of their basins, or to the volulnes 
of their discharges, or to the populations they support ; and the following table. though 
not based altogether upon trustworthy data, wil! give some idea of the order of 

-- - - - -- - - 

Vide Journal, R. a. 8..  Vol. 43,1873, page 278 : also Holdich'a geogralhioal notee, Afghan Boundary Commission, Proceed- 
inge, B. @. s., Vol. VII, 1885 : also A n n d  Report of the B m d  o/Scienfif i  Advice for India, 1905-06. 

u 
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- - -. - - 

Rivera draining the northern slopes of the Tiau Shan are omitted from the table. 
t Compare chart xxxv with frontispiece to Part I and wilb chart xxxxr. 
$ Map of Turkiatao, 1 imh = 32 miles. 
5 Oeoprnphical Journal, Vol. XXITI, 1904. The Otography of Ania. 

importance of the different drainage systems.' In this table the most important 
aystem ia that numbered " 1 " and the least important is that numbered " 13." 

TABLE XXIX. 

i OBDEB OF t[POBTANCE OF THE 8BVERAL m, 
AS EBTmATILD : 

from p o p ~ t i o n  
au~~orted.  

1 
2 
3 
4 
5 
6 
7 
9 
8 

13 
12 
11 

Drainage ayatem. 

Yangtze 
Hoang Ho . 
Ganges . 
Mekong . 
Indue . 
Brahmaputra . 
Irrawaddy . 
Tarim . . 
O m  . 
Rivers flowing into Tibet lakes . 
Salween . 
Helmand . 
Jaxartes 

from aim of from diecharge 
b i n .  1 of water. 

, -- - 

1 4 ;  2 
3 1 3 
7 I 5 

I 
7 

8 I 6 

l3 1 l3 1 10 

9 
I 4 

10 
5 

11 
12 

The primary water-partings. 
Chart xxxv has been drawn to illustrate the primary water-partings of the 

high plateaux. The highest ranges of mountains? are shown by dotted lines with 
heavier dots a t  intervals to symbolise peaks, and the main water-partings are shown 
by black continuous lines. In places where the highest range forms the main water- 
parting a dotted line and a continuous line have been drawn side by side. The water- 
parting between India and Tibet has been shown by a double line. 

In order to study this chart we will commence with the Tarim basin.$ The Tarim 
basin lies between the Tibet plateau and the Tian Shan. 

The Tarim basin. Its surface is a sandy desert, and the Tarim river, which 
drains the Karakoram, the Kuen Lun, the Tian Shan and the Pamirs, is the only source of 
life. " This great depression," writes Prince Kropotkin, " is only relative in comparison 
"with the high plateaux which surround it, and represents on the contrary a vast mas- 
"sive swelling of the Earth's crust. In its western portion i t  has still an altitude of 
"from 3000 to 4000 feet, and 2600 feet in its lower part,-the depression of the Lob Nor."§ 
On the east the ranges of the Tian Shan approach those of north-east Tibet, and the 
mouth of the Tarim basin becomes narrow, but the two systems of mountains do not 
actually come into contact a t  this point, and the plains of Tarim are continued without 
interruption into Mongolia and the deserts of Gobi. The surface of the desert inside 
the basin is a t  a lower level than that of Gobi outside. 

4 
10 
8 

11 
9 

12 
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The rivers of Tarim empty their waters into the lagoons of Lob Nor (see frontis- 
piece to Part I). Sven Hedin has shown that whilst these lagoons are getting choked 
mth sand, the desert on their north is being excavated by wind: their water, he says, 
will ultimately overflow and seek the lower level. This has happened before, and in 
266 A.D. Lob Nor lay considerably north of its present position. As the lakes move, 
so do the vegetation, the animals, and the fisher-folk ; and Sven Hedin calls Lob Nor 
the oscillating pendulum of the Tarim river.* 

The rivers of the Tarim basin may be divided into four classes :- 
(i) There are the rivers rising in the Tian Shan mountains. The water-parting 

of the Tian Shan dividing the drainage of the Jaxartea from that of the 
Tarim is north of the principal range in one place only.? At the peak 
of Tengri Khan (vide table VI), near the meridian of 80°, the Tian 
Shan range appears to bend to the south-west, and to throw off a northern 
branch. The river Sariati drains the basin enclosed between the branch- 
es, and breaking through the southern and principal range it flows into 
the Tarim basin. The area drained by the Sariati north of the Tian 
Shan main range is marked A on chart xxxv. 

There are the rivers that drain the trough between the Sarikol and Kash- 
gar ranges; these have carved passages through the latter and flow east- 
ward into the Tarim basin. The areas drained by these rivers behind 
the main Kashgar range are marked D on chart xxxv. 
Theae rivers are :--(a) The Ulu-Art (or Yanpmya or Muji) which drains 
the whole trough north of Muztagh Ata, and which pierces the main range 
by the Gaz defile. (b) The Tashkurgan river, which, rising north of 
the Kilik pass on the Indus-Tarim water-parting, drains the trough south 
of Muztagh Ata, and passes eastwards through the Kashgar range by 
the Chiragh Tar gorge 60 miles south of the Gaz def3e.S 
Many rivers rise on the eastern slopes of the Kashgar range and flow into. 
the sandy deserts of Tarim. 

(iii) The Yarkand river, which drains the area marked E on chart xxxv. 
The Yarkand river is the largest and the most important of all the rivers of 
Tarim;§ it collects the drainage of two parallel troughs, the Karakoram- 
Aghil trough, 100 miles long, drained by the Oprang tributary, and the 
Aghil-Kuen Lun trough, 170 miles long, drained by the Raskam; i t  
pierces both the Aghil and Kuen Lun ranges, and i t  carries water from 
the glaciers of peak Ke to the lagoons of Lob Nor. 
South-east of Ke the Indus-Tarim water-parting leaves the main Karakoram 
range and bends sharply to the north-east : feeders of the Yarkand river - 

Q-phicul Journal, Vol. XXI, 1903. Three yeara' Ezpharwn in Cendml A&. 
t Not knowing how reliable the m a p  of Tian Shan may be, we can only refer to topographioal features witb  

diidenw. 
$ The Chiragh Tar gorge was explored by Rai Sahib Ram Singh lu 1906. 
5 In its monntain oourae it in known as the Raskam Darya and the Zsrafshan river. 

u 2 
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receive the drainage of the re-entering angle thus formed, as far east 
as the meridian of 78". 

(iv) The Karakash river drains the area marked B' on chart xxxv. and the 
Kiria river drains the area marked J. The Karakaah river flows for 100 
miles in a trough south of the Kuen Lun, before i t  pierces the range a t  
Shahdulla. 

The northern slopes of the Kuen Lun, between the areas F and J of t'he 
water-parting chart, are drained by the Yurangkash river: the Kara- 
kash and Yurangkash are within fifteen miles of one another when 
passing the town of Khotan, but they do not unite for another 80 miles. 

After their junction they are called the Khotan river. 

A vast number of minor rivers drain the northcrn slopes of the Kuen 
Lun and lose themselves in the sands of the desert.* 

The Yarkand river contains water all the year round, but the Khotan river 
remains ciry during the greater part of the year. " The Khotan river," 
writes Sven Hedin, " flows through the worst section of the Takla Mrtkan 
" desert, and has a far harder fight of i t  with the drift sand than its 
" sister stream to the west (Ytukand). Indeed the sand is seriously 
" threatening to choke i t  up and cut it off from the main river-a fate 
"which has already overtaken the Kiria Darya."? Sven Hedin reached 
the point where the Kiria river died away in the sand, " finally giving 
" up its desperate struggle against the desert. ' ' 
The water-parting between the Tarim basin and the Tibet lake-basin was 
taken for chart xxxv from old maps and is shown too far north in 
longitude 84". According to modern maps the water-parting in this 
longitude is hardly north of latitude 36", and chart X ~ I I  is probably 
more nearly correct. In the frontispiece chart of Part I the axis of the 
Kuen Lun was shown too far north in longitude 84". 

Chart xxxv shows that the Jaxartes drains the western portions of the Tian Shan, 
and that the Oxus drains the Pamir plateau : the 

n e  J-esand the -. Sarikol range forms the water-parting between the Oxua 
and the Tarim. 

The Hindu Rush consists of two parallel ranges of which the southern is a westerly 
extension of the Karakoram fold, and carries the highest peaks. The northern how- 
ever forms the water-parting between the Oxus and the Indus, except for a length of 
60 miles south-west of Tirich Mir, where the southern Hindu Kush range is the divide.$ 
Further to the west the southern range becomes for a similar length the water-parting 
between the Oxus and the Helmand.' 

Roylrl Geographical Society's map publi~hed in Holdich's Tibd ihe Myflleriou9. 

7 Sven Hedin : Through AIM, 1898. 

t North-Wnet Trans-frontier Shent No. 26, 1 in0 I = 8 miles. 
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The two Hindu Kush ranges will be seen from chart xxxv to enclose a long narrow 

The L ~ ~ U S .  
trough, and the drainage of this trough flows alternately 
north and south.* On the west the trough forms 

'the narrow basin of the Hari Rud river, flowing westwards into the desert. East 
of the Hari Rud basin comes a portion of the trough that is drained by streams flowing 
northwards : then follows the long area marked B on the chart, which is drained by the 
Panjshir tributary of the Kabul river, and which belongs to the basin of the Indus. 

Thus in the first instance the two Hindu Kush ranges form water-partings enclosing 
a single river : then the southern range becomes the water-parting, and subsequently 
throughout area B the northern range. Near the meridian of 71' occurs another change, 
the southern range becoming the water-parting again and the trough draining north- 
wards into the Oxus. A few miles west of Tirich Mir appears a third change, the Arkari 
river rising in the northern range and flowing into the Indus. Eastwards from Tirich 
Mir the northern Hindu Kush range remains the water-parting, and the trough 
between the ranges is drained by affluents of the 1ndus.T 

The Kilik pass is very near the point of trijunction of the basins of the Tarim, 
the Oxus and the Indus:$ from this locality rivers take three different directions ; the 
Panj branch of the Oxus flows towards the west, the Tashkurgan tributary of the Tarim 
flows east, and the Hindu Kush feeders of the Indus flow south. 

The long area marked C on chart xxxv stretching east from Tirich Mir is drained by 
the Kunar, Gilgit and Hunza rivers, which force separate passages through the Kara- 
koram range :$ the two latter unite near Gilgit and eventually join the Indus a t  its 
knee-bend above Bunji. The range which forms the water-parting in rear of the area 

# 

C is lower than the main range to the south. 
The area marked H is drained by the Shyok tributary of the Indus : the water- 

parting north-east of H will be seen to be in the same alignment as the water-parting 
north-east of C, and it has been surmised that the two are perhaps different portions 
of one range ; if this proves to be the case it will furnish another example of how a water- 

.parting alternates between one and the other of two parallel ranges, clinging to the 
north-eastern range behind areas C and H, and to the Karakoram in the interval. 

The water-parting in Tibet between the Krtrakash tributary of the Tarim (area F) 
and the Shyok tributary of the Indus (area H) is however not in all places a mountain 
range, as the following extracts from a letter from Mr. Shaw to Sir Roderick Murchison 
will show :-I/ " What was my astonishment after walking a few yards to find some water 
" trickling westwards towards the mountains. I had, therefore, already passed the 
" imperceptible watershed between the great river systems of the Indus and of Central 
" Asia. Beyond the lake we had just passed, the waters feed the Karakash ; while the 

The longitudinal section in chart xx shows the portion of the southern Hindu Kwh range that form8 the wakr- 
pahug betwean Indua and Oxus. 

t Msp of Afghaniatan, 1 inch = 16 miles. 
$ Northern Trans-frontier Sheet No. 2, 1 inch = 8 miles. 
8 Sea longitudinal seation in chart xx. 
11 Procedings, R y a l  Qrographid Swie fy ,  Vol. XV, 1870-71. 
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" trickling stream which I had reached pierces the great limestone range and much 
" augmented on the way runs through the rocky gorges into the Shyok, which is one 
"of the chief sources of the Indus." 

" Thus the great water systems of southern and of Central Asia are here separated 
" by no gigantic mountain range, but merely by a few yards of level sand, a t  a prodigious 
(r elevation it is true." 

Between the area H and the Aling Kangri the Kailas range is believed to be the 
Indus-Tibet water-parting. 

The great Himalayan range runs north-westward from the Badrinath-Gangotri 
peaks to  Nanga Parbat, and west of the meridian of 78" both its faces are drained by 
feeders of the Indus : it may be argued then, that this range south-east of Nanga Parbat 
should not have been shown on chart xxxv as a primary water-parting, the whole region 
being in the basin of the Indus. But we have not accepted this view ; we are treating 
in this paper of the Himalaya and Tibet, and not of the hydrography of Asia : the Punjab 
Himalaya form a water-parting between great Himalayan rivers,-the Indus on one side 
and the Jhelum and Chenab on the other ; and the fact that the Jhelum and Chenab 
subsequently join the Indus in the south-west of the Punjab does not affect the 
question. The coincidence of the Indus-Chenab, and of the Indus-Jhelum water-partings 
with the crest-line of the Punjab Himalaya presents a most interesting contrast to 
the divergence that obtains in the Kumaun, Nepal, and Assam Himalaya. 

The rainfall on the Indian side of the Punjab Himalaya is greater than on the Tibetan 
side, and the slopes on the Indian side are steeper than on the Tibetan. The tributaries 
then of the Chenab and Jhelum, descending from the crest-line, should have greater 
volumes and velocities, and should be able to deepen their channels and expand their 
basins more rapidly than the feeders of the Indus on the opposite side of the crest, and 
the water-parting should now be slowly retiring towards the Indus. But if this process 
had been actually in operation, the water-parting would be a more sinuous line than it is. 

There are but two sinuosities in the crest-line of the Punjab Himalaya. The 
first is in the shape of an S, of which the Nun Kun peaks form the central 
point : on the south of the Nun Kun the water-parting is being shifted towards Tibet, 
but on the north i t  appears to be moving towards India. The second 
sinuosity has been caused by the Rupal glacier cutting back from the north 
immediately south of Nanga Parbat, and in this instance the water-parting 
is being shifted towards India and not towards Tibet. The Punjab Himalaya thus 
furnish an interesting example of a range, on which the water-parting seems in places 
to be moving towards the side of greater rainfall and steeper slopes. 

The area marked L is drained by feeders of the Sutlej ; and that marked K by 

The Sutlej. 
the Spiti tributary of the Sutlej. The area marked 
Z denotes the Manasarowar basin.* 

Northern Frnniier Sheot No. 14 S. W., 1 inoh=4 miles. 
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As will be described hereafter, the Manasarowar lakes overflow a t  times into the 
Y3utlej and on chart x x x ~  the lake-basin has been included in the area drained by 
the Sutlej. If the Manasarowar lakes had been held to belong to the Tibet lake-basin, 
the double line of chart xxxv would have been made to encircle them. 

The drainage system that obtains between Manasarowar and the great Himalayan 
range is complex. The Ganges and the Kali drain the northern slopes of the great 
range in Kumaun, the Zaskar range forming the limit of their basins in Tibet. The 
water-parting between the areas Z and M is, however, not the Zaskar but the Ladak 
range. The area L is drained by the Sutlej flowing north-west, and the area M by the 
Karnali flowing south-east, the Sutlej and Karnali basins being in contact across the 

'Tibetan plains. The Zaskar range separates the basins of the Sutlej and Karnnli on 
the one side from those of the Ganges and the Kali on the other. The Sutlej and Karnali 
drain the trough between the Zaskar and Ladak mnges, and the Ganges and Kali drain 
that between the Zaskar and the Great Himalayan ranges. The Ganges and Kali rise 
behind the Great Himalayan range but not behind the Zaskar ; the Sutlej and the 
Karnali rise behind the Zaskar range, and their basins touch behind the basins of the 

.Ganges and the Kali.* 
The areas M, N, P and R are all drained by tributaries of the Ganges of Bengal which 

The Ganges of Benga1.t 
rise in the Ladak range behind the great Himalaya and 
pierce the latter. East of Nampa there is no range like the 

Zaskar intervening between the great Himalayan and Ladak ranges, and the drainage is 
less difficult to unravel. The parallelism here of the water-parting and the great 
Himalayan range is very marked ; it seems to  indicate that the water-parting is following 
an original axis of elevation. 

Near Chumalhari the great range becomes, for a short length only, the water-part- 

The Brahmaputra. 
ing between India and the Brahmaputra in Tibet.$ In the 
Assam Himalaya the area S behind the great Himalayan 

range is drained by the Assam rivers Raidak and Manas. The Ladak range forma 
the water-parting between the Ganges of Bengal and the Brahmaputra throughout the 
areas NI P, R and S, all of which are drained by rivers which pierce the Great Himalayan 
range and flow southwards : but near Chumalhari occurs the solitary exception ; here 
the Nyang river pierces the Ladak range and flows northwards into the Brahmaputra.$ 

The water-parting between the Indian and Tibet basins cannot be drawn with cer- 
tainty : in places it is without doubt the Kailas range, but the latter has been cut through 
from the north by feeders of the Brahmaputra whose basins have not been determined. 
The Lhasa river, the Charta and others drain the trough north of the Kailas range, and 
pierce the Kailas range in the sa~me way as the Himalayan rivers pierce the Himalayan 

* The basins of these rivers are described in detail hereafter. 
t We must endeavour to avoid confusion from a double u8e of the name Ganges : we have in chart xxrv applied the 

name Ganges to the Himalayan basin drained by the river above Hardwar : but in Part I11 we have employed the name 
Ganges to include the whole basin drained by the Ganges of Bsngal and its tributnriea Both applications are correct, 
and the context must be trusted to indicate the meaning in each cam. 

$ North of Chumalhari is a small lake-basin containing the Kala Tso. See Ryder's note on over0ows from this baain in 
his on Survey operatiom with the Tibet Frontier commiaaion, 1904. 

5 North-Eastern Frontier sheet No. 7 N. W., 1 inch=* miles. North-Eautern Frontier flheets NOS. 6 N. W., 6 5. W.,  
% N. E., 6 5.-E., 1 inch=4 miles. 
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ranges. Their watera flow into India and their basins belong not to Tibet but to the. 
Brahmaputra. 

From the basin of Tibet (charts XXIII and xxxv) no water escapes to the sea. - 

The dosed basin of Tibet. 
In the interior of the plateau the troughs contain 
long series of .lakes. Several rivers of considerable volume 

are known to rise in Tibet, and to empty their waters into one or other of its lakes. 
The rainfall over the basin was doubtless greater in former ages than a t  present : 

the rise of the great 'Himalayan range during recent geological periods must have cut 
off much of the rain that would have formerly reached Tibet. The clouds laden 
with moisture from the Indian Ocean now drop the greater portion of their burden on 
the outer Himalayan ranges : each successive range receives less rain than the one 
immediately exterior to it. Central and western Tibet are consequently sterile regions ;. 
eastern Tibet, however, is watered by rain-bearing winds from the Pacific Ocean. 

In drawing chart XXIII we were in doubt whether the inland basins of Tsaidam 
and Koko Nor should be included as part of the closed basin of Tibet or not. We 
have excluded them, and on this chart they form part of the area allotted to the 
Mongolian lakes. 

If the Tibet lake-basin is held to include the whole elevated area from which no 
water escapes to the sea, then Tsaidam and Koko Nor perhaps belong to i t  : Tsaidam 
is, however, 6000 feet and Koko Nor 4400 feet lower than Tibet. 

The closed basin of Tsaidam is in contact with the closed basin of Tibet on one 
side, and with the closed basin of Koko Nor on the other, and the three form one 
continuous area encircling the upper Yangtze and Hoang Ho. But continuity of area 
does not justify the assumption that the three enclosed basins are parts of one geogm- 
phical whole, for the inland basins of Tarim and Mongolia, neither of which possesses 
any outlet for drainage, are also in contact with Tsaidam and Koko Nor. 

The Kuen Lun range separates Tsaidam from Tibet, and we have taken this 
range to be the north-eastern boundary of the Tibet lake-basin : the basins of the 
Yangtze and Hoang Ho separate Koko Nor from Tibet. 

The Tibet lake-basin, it will thus be seen, does not coincide with the Tibet 
plateau : the plateau includes besides the lake-basin the upper valleys of the Indus, 
Yangtze, Hoang Ho, Salween and Brahmaputra and the outlying plains of Tsaidam 
and Koko Nor : the lake-basin consists only of the compact portion of the Tibet 
interior that has no outlet for drainage.* 

The peculiar feature of the Irrawaddy (chart XXIII) is its immense volume of water 
in northern Burma : Mr. Gordon estimated the high flood 

The Irrawaddy. discharge of this river above Bhamo as 1000000 cubic 
feet per second: its width a t  Bhamo is six miles. 

An idea of the shape and size of the Tibet plateau can be obtained, if we recollect the longitudes of three of itR principl 
lakes. Pangong, the extreme w'ster~l lake of the plntenu, is in longitude 80% Nam TRO (Tmgri Nor) at the aouth-eastern 
corner of the Tibet basin isin longitude 00'. Koko Xor at the extrenle northeastern comer of the 1.Ir3eau is in 
longitude 100". 
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The catchment basin above Bhamo has according to modern maps an area of 
18000 square miles, and is smaller than the Himalayan basins of the Kosi, the Karnali 
or the Sutlej. Its immense discharge, issuing as i t  appears to do, from the drainage 
of a small area led Mr. Gordon to believe, that the old Chinese surveyors had been 
right, and that the Sangpo of Tibet flowed into the Irrawaddy. 

During the latter half of the nineteenth century, however, geographical evidence 
continued to accumulate, and the identity of the Sangpo of Tibet with the Brahma- 
putra of India has now been proved. 

General Walker has endeavoured to account for the great volume of the Irrawaddy 
by assuming that the Lu river of Tibet flows into it. The Lu had always been sup- 
posed to be the upper course of the Salween, and General Walker was led to adopt 
his view by the account of the explorer Kishen Singh, who described the Salween south 
of latitude 30" as an insignificant stream. But the casual observations of explorers are 
unsafe data, and General Walker's view has not been accepted by geographers. 

What Kishen Singh did prove was that no Tibetan river west of the Lu was flow- 
ing into the Irrawaddy. In 1896 Prince Henry of Orleans marched across irom South- 
ern China into Assam : he crossed the Mekong and the Salween, but not the Irrawaddp : 
he stated that the most northern branch of the Irrawaddy rises in a latitude not 
higher than 28" 30'.* 

The parallelism and proximity of the Yangtze, the Mekong and the Salween in 
their exits from Tibet are amongst the most extra- 

The three rivers of south-eastern 
Tibet. ordinary featnres of the earth's land surface : each of these 

rivers drains a large area of eastern Tibet (chart XXIXI), 

and on the surface of the plateau they flow a t  considerable distances from one another. 
But during their descent they bend to the east-south-east, and assume absolutely 
parallel courses, the Mekong in the centre being 28 miles from the Yangtze and 20- 
miles from the Salween. Here then are three trunk rivers, each larger than the Sutlej, 
flowing through a mountain zone 48 miles wide. 

In 1880 Kishen Singh crossed the three parallel rivers near latitude 30" : of 
the Yangtze he wrote :- "At 10 A.M. we crossed the Di Chu, here about 300 paces 
" wide and having a rapid current." 

Of the Mekong he wrote :-"The arrangement for crossing consists of a thick 
" leather rope stretched very tight from an elevated point on one bank to a lower 
" level on the opposite bank. The length of the rope-bridge was estimated to be 
" about 130 paces." 

Of the Salween he wrote :-" We crossed the river Giama Nu Chu, also called 
" Nu Chu, which is deep and rapid and about 200 paces wide." 

Since Mr. Hennessey published his account of Kishen Singh's explorations, the 

The Salween. 
Tibetan course of the Salween has been shown on maps 
as the Giama Nu Chu. No reliable observer has ae yet 

tmced the course of the Salween irom its source in Tibet to the point where it appears 

Ocqra~hicul  Journal, Vol. VII, 1896. 

X 
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in Burma. At its exit from Tibet i t  is shown on maps to be confined between two 
mountain ranges, and as possessing no affluent for 200 miles. If geographers are 
justified in doubting still the identity of the Sangpo of Tibet with the Brahmapntra, 
when 40 miles of its course alone remain unexplored, how much greater uncertainty 
must they feel over the identity of the Lu river of Tibet with the Salween of Burma, 
when the unexplored link exceeds 200 miles. 

The geography of the Salween has been rendered obscure by the multitude of 
names which have been applied to its supposed upper courses. " It is mentioned," 
writes Mr. Gordon, " in the Yuking of China 2200 B.C., as the Black River issuing from 
" the Black Lake of Tibet, where it has already had a long course from the Northern 
" Himalaya through the high plains of the great lake region, as the Targot or Shyal 
" river, and i t  successively takes the names of Nag Chu Kha, of Lu Chu and of Nu Chu 
"and finally emerges from the plateau in about latitude 26' as the Salween."* 

In his report on the trans-Himalayan explorations of 1873-74-75 Colonel Trotter 
expressed doubts as to whether the Nag Chu Kha of Tibet, which Mr. Gordon assumes 
to be a feeder of the Salween, was not a branch of the Yangtze or the RIekong. 

In the map published by the Royal Geographical Society in 1894, the river which 
rises in Tibet north-east of lake Tengri Nor was made in accordance with General 
Walker's views the upper course of the Irrawaddy. The exploration of Prince Henry 
of Orleans led to the basin of the Salween being largely expanded in maps of Tibet and 
that of the Irrawaddy being greatly reduced. 

The Neg Chu Kha of Tibet, which is now, and perhaps prematurely, identified 

The Mekong. on maps with the Salween, was crossed by Fathers 
Huc and Gabet, who were told that it was the Mekong. 

According to nutreil de Rhins, who believed that he had traced the Mekong to its 
source, it8 Tibet name is the Chiamdo Chu. Other names are however applied to 
the Mekong, notably the Da Chu and the Nam Chu. 

Whilst we owe much to the intrepid explorers who have penetrated eastern Tibet, 
our geographical knowledge of t.his region is still very imperfect. We have not yet 
ascertained the true positions of the sources of the Salween and the Mekong (chart 
XXIII), and future surveys will probably discover great errors in existing maps. 
The problem ha8 been complicated by the convergence of the Salween, the Mebong and 
the Yangtze as they issue from Tibet : when the courses of three great rivers lie 
within 50 miles of one another, it is hardly possible for an explorer to decide to which 
of the three a very distant feeder belongs, unless he follows the stream down : hitherto 
explorers have only crossed the rivers a t  right angles, and none have yet succeeded in 
following their courses. 

Mr. Gordon estimated the discharges of the Salween, Mekong and Irrawaddy 
in the same latitude to be in the proportions of one, t,hree and nine.t 

* Procecdinge, Rqal  Qeographicnl Society, Val. V [I, 1886. 
Proceedings, Royal (feqraphieal Sociely, Val. IV, 1882. 
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' . The Yangtze is the largest river of Asia, and it traverses the most thickly populated 

The Yangtze. provinces of China. It is over 3000 miles in length 
and is navigable for 600 miles. It rises in eastern Tibet, 

and its source is believed to be west of longitude 90°, further west than the sources 
of the Hoang Ho, Mekong or Salween (chart XXIII). 

It is known in Tibet as the Di Chu, and as the Dre Chu, and as the Ndu Chu, and as 
the Murui-ussu. In' its Tibetan course it flows eastwards for 500 miles, and then 
ben&ng to the south i t  is confined for a great distance between two close parallel 
ranges, running a t  right angles to the direction of the Himalaya. 

In  1873 Prejevalsky reached a point on the Tibetan course of the Yangtze in lati- 
tude 34" 43' and longitude 94" 48', and 13143 feet above sea-level : i t  is here that the 
two principal Tibetan branches of the Yangtze join, the Napchitai-ulan-muren rising 
in the Kuen Lun range on the north, the Murui-ussu flowing from a lake from the 
west. Prejevalsky described the river as a rapid torrent, 5 to 7 feet deep and 750 feet 
wide ; from bank to bank the bed of the river was a mile wide and in the rainy season 
the whole expanse was under water.* 

In  1879 Prejevalsky crossed both the great tributaries above their point of con- 
fluence : the Napchitai-ulan-muren he struck in latitude 35" 20', longitude 93" lo', 
and the Murui-ussu in latitude 33" SO', longitude 92" 20'. Hc followed an affluent of 
the latter almost to its source a t  16400 feet in the Tangla range. 

Part I1 of this paper (page 110) will have shown how little is known of this Tangla 
range of Tibet : i t  is drawn in the frontispiece to  Part I in latitude 33", and i t  forms the 
water-parting between the Yangtze and Salween. The Tibetan basin of the Yangtze is 
bounded by the Kuen Lun range on the north and the Tangla range on the south, 
and is 250 miles broad. 

East of longitude 94" the Baian Kara Ula range separates the basins of the 
Yangtze and Hoang Ho, and forces the former river to bend to the south. 

In 1879 the explorer Kishen Singh crossed the Murui-ussu branch of the Yangtze 
in Tibet : he described i t  as flowing in seven channels each about 40 paces wide, 
the entire river-bed having a width of 800 paces : the greatest depth was 3 feet, and 
the height above sea-level 14040 feet.? 

The Hoang Ho rises about longitude 95" in the trough between the Shuga and 

The Hoang Ho. Baian ~ a r a  Ula ranges. The Shugn range separates the 
basin of the Hoang Ho from the marshy depression of 

Tsaidam, and the Baian Kara Ula forms its water-parting from the Yangtze. In  this 
trough the Hoang Ho is divided into two or three channels, each from 70 to 90 feet wide 
and two feet deep a t  the fords. Further east i t  passes through the great Tibetan lakes 
of Tsaring and Oring, 13704 feet above the sea, and then making a sharp bend to avoid 

* N. Prejevlrlaky : Nongdia, Vol. 11, 1876. 
f Mr. Henneasey's report on the Erplorations of A-K in gr& TTibd and Monqolicr. 

x 2 
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the snowy Amneh-machin range,* bursts through the chains of the Kuen Lun and 
hurries on to China pr0per.t It is known in Tibet as the Ma Chu. 

Feeders of the Hoang Ho drain the exterior slopes of the mountain chains, which 
encircle Koko Nor, the great lake of north-eastern Tibet, but there is no connection 
between the lake and the river : in one place the water-parting stands only 1000 feet 
above the level of the lake. 

At 3500 feet above the sea the Hoang Ho is 1421 feet broad.:' 

Thin ie perbsp a prolongation of the Shuga range, and in pieming it the Hoang Ho escapee from its original trough after 
the manner of the Himalayan rivera 

t Pmecedinge. Royal Qcographual Sm.ety, VoL IX, 1887. Prejevaleky'a journeys and disco& in Central A&, by Ddmar 
Mor~o- 

Prrjevalaky. 
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THE HIMALAYAN RIVERS : INTRODUCTION. 

The Himalaya mountains from Afghanistan to Burma are drained by nineteen 
principal rivers, the drainage areas of which are illustrated in charts XXIV to XXXIV. 

-Chart XXIII furnishes an index to  the several river charts. Eight section lines have 
been drawn across the index chart : they indicate the positions of the eight cross- 
sections of the great Himalaya given in charts xlv and xv of Part 11, and, if scmtil~ised, 
they will be found to explain the positions given to the different Tibetan troughs in the 
cross-sections. 

In  describing the nineteen rivers of the Himalaya we might have commenced a t  
either end of the range and taken the rivers in their geographical order. It was found 
more convenient, however, to start from the centre near Simla, and to take the  rive^ 
i n  order, firstly from west to  eaat, and then to return t o  Simla and to complete the 
remainder from east to west. By this arrangement the river Jumna comes first (see 
.chart XXII I ) ,  and the Ganges second, and when the Brahmaputra has been reached, we 
return to the Sutlej, and end with the Indus. 

Though there may be certain objections to  classifying rivers by magnitude, when 
the limits of the several orders of magnitude are arbitrary, yet i t  is a course that  has 
many advantages. It correcta erroneous preconceptions, it gives true ideas of 
proportion, and i t  helps to save us from the mental confuaion that long lists of new 
a n d  meaningless geographical names are apt to produce. 

We have therefore divided the Himalayan rivers into six orders of magnitude, 
-classifymg them by the dimensions of the mountainous areas they drain. 

TABLE XXX.-The Rivers of the Himalaya. 
- - -. - 

pp -- - 

1 Indus . 
Brahmaputra . 

Kosi . 

I 
I 

I Order of magni- Name of river. tude. 

I 1 Karnali . 

Himalayan area i included in the 
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catchment b i n .  I 
1 I to be unity. 
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TABLE XXX.-The Rivers of the Himalaya-contd. 

I I 
Himalayan area Total dischrge Ratio of discharge; 

included in the of water in one to area, taking I Name of river. tude. j catchment basin. year (eati- that of the Ravi 1 
I mated). to be unity. 

I I - 
I Sqltare miles. 
I 

Gandak . 14653 7 1.4 

Jhelum . , Third 13030 5.5 
--Pi 1.3 

J Manas . a -  12380 unknown .... 1 
I 

Chenab . 

Raidak . 

Ganges . 

Kali . 

Beas . 

Tista . 

Jumna . 

Ravi . 

Ramganga 

Rapti . 

Baghmati 

I 
10588 5.5 1.6 / 
10161 unknown .... 

1 8949 5-5 1% 

I 
) Fifth 

i 

I - -- 

The discharges of Himalayan rivers have not been sufficiently observed to justify 
any close study of the results obtained. The discharges of the smaller rivers vary 
from nothing a t  all in the hot season to thousands of cubic feet per second in the rains ; 
their beds may remain dry for months, and be flooded for a few days in the year. It is 
not possible under such circumstances to deduce any average values of daily or ~lionthlp 
discharges. The discharges of the larger rivers that have sources in glaciers never 
cease entirely, but their variations are yet sufficiently large to render averages mean- 
ingless. The discharge of the Indus will vary from 9000 cubic feet a second to a 
million, and in almost all the Himalayan rivers the maximum discharge is 100 times as 
great as the minimum. Spasmodic observations of discharges possess but little value : 
before we can compare two rivers, the diurnal and seasonal and long-period variations 
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in their discharges are required to be known, and these can only be ascertained by 
systematic measurements. 

The nomenclature of the rivers of Asia is a source of perpetual trouble. In certain 

Nomenclature. 
regions the main channel of a river assumes a different 
name after every bend ; Chitral, Asnar, Yasin, Kunar and 

Mastuj are all name8 given to the same river. Tashkurgan, Taghdumbash, Dangubash, 
Sarikol, Karat-chukor, Tisnaf, Chiragh Tar and Almaligh are all names applied to 
one river. In  Ladak the Indus is known by many names : so is the Sutlej. The 
names Karnali, Gogra, Sarda and Kurriali all belong to one river, and these in addition 
to its purely Tibetan names. 

Where two main affluents join, the combined stream is frequently given a name 
differing from either tributary, but this system has many advantages to recommend it. 
Ganges is the name given to the river formed by the junction of the Alaknanda and 
Bhagirathi, and no one would suggest that any of these three names is superfluous. 
But to change the name of a main river after its junction with every feeder, or upon 
its approach to every town, is a course that cannot be justified in geography. 

Multiplicity is, however, not the only source of confusion, for whilst i t  is common 
for a river to be given many names, it is equally common for the same name to be 
given to different rivers. The names Sa ju ,  Ramganga, Kali, Dhauli, Kosi, Sarda are 
all applied to more than one Himalayan river ; the great Kali river for instance has 
the alternative name of Sarda, but the neighbouring river Karnali is also called the 
Sarda. One of the upper feeders of the Kali in Kumaun is the Dhauli, and the 
principal affluent of the Alaknanda in Kumaun is the Dhauli. Two rivers rise a t  
a pass in the Alai valley and flow in opposite directions, one towards the east and one 
towards the west : both are named the Kizil-su. It would be wearisome to mention all 
the numerous cases of one and the same name being applied to different rivers : 
instances are to be found in every mountain tract of Asia. 

In  order to place the geography of High Asia on firmer foundations two reforms in 
river nomenclature are necessary : firstly, we must limit the number of alternative names 
for a single river ; and secondly, we must avoid the use of the same name for different 
rivers. The preservation of every local name is incompatible with scientific geography ; 
the multiplication and repetition of names map not be troublesome to hill men, whose 
lives are confined to a single valley, but they become unmanageable, when the moun- 
tains of Asia are being considered as a whole. 

Some native geographical names are undoubtedly of great age, and have been 
handed down from successive generations. These have to be carefully preserved and 
their dsappearance from maps would be a serious loss ; but vast numbers of names after 
being in vogue for perhaps twenty or fifty years die out, and new names are invented. 
-4 traveller, following a Himalayan river, will be astonished a t  the apparent errors of 
his fifty-year-old map : many important names on the map, he will see, are unknown 
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to the natives and many names employed by the natives he will not find on the map, 
His first tendency is to blame the original surveyors and to attribute the diecrepancies In, 
their want of care, but the true explanation of the differences is, that the old names have 
died out and new names have come into existence. 
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THE RIVERS OF THE KUMAUN HIMALAYA. 

A separate chart (xxrv to xxxiv) has been drawn to illustrate the Himalayan 
area drained by each of the principal rivers. Streams have been shown in light 
blue and boundaries of basins in heavy black lines : the ranges, being facts of 
deduction rather than of observation, have not been entered, but the highest peaks in 
each river basin hare been plotted, and these indicate the alignments of main axes of 
elevation. 

The thick lines, representing the basin boundaries, are water-partings but not neces- 
sarily mountain ranges : the line, for instance, in chart xxxr between the Sutlej and the 
Karnali crosaes a flat plain in Tibet, and that between the Ganges and Jumna in chart 
xxxv k in nature not a significant feature. 

The principal rivers of the Kumaun Himalaya are the Jumna, the Ganges, the 
Ramganga and the Kali. 

The Jumna. 

The Jumna (chart xx~v ) ,  called also the Jamuna, is supposed to be the 
Saraswati of the Vedas. On debouching from the mountains i t  now sweeps round 
to the south-east, and joins the Ganges a t  Allahabad; but i t  is believed to have 
pursued a westerly course to the Arabian Sea in former times.* The great change in its 
course may have been caused by alterations in the level of the land west of Saharanpur, 
or by the constant advance'of the sands of the Rajputana desert under the influence of 
the south-west winds. 

Within the mountains the Jumna, like other rivers, flows alternately through narrow 
gorges and over wide alluvial expanses. Wherever a defile through a range is narrow, 
the flow of water is retarded above it, and the stream drops its load of gravel and silt ; 
when the gradient and current increase, the stream is able to re-lift its load and t o  
carry i t  a further stage. 

The Himalayan basin of the Jumna has been surveyed, and the courses of its 
affluents are well-known. The two principal affluents are the Tons and the Giri, the 
former of whch is'larger than the Jumna itself.? 

The Jumna and the Tons unite in rear of the Mussooree range of the lesser 
Himalaya, and their combined waters are joined by the Giri in the trough between 
this range and the Siwalik. 

A Manual n/ the Qeobgy of India, page 460. 
t A t l ~  slluet 48 N.E.. 1 inch - 4 milea. 
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The defiles in the Mussooree and Siwalik ranges through which the Jumna 
passes are directly opposite t o  one another, and the 

The Jumna is than the siwfi conclusion is justified that the river was able to deepen ita range. 
channel and maintain its former course, when the 

Siwalik range rose across its path.* I n  crossing the axis of the Siwalik range the 
Jumna makes a curious bend for a mile or two, and this may perhaps be regarded aa 
evidence that its waters were held in check for a time by the rising range, and had 
difficulty in cutting a passage. Rut the barrier could never have been sufficiently 
high to cause a lake to form behind it, or the Jumna would have taken a south-easterly 
course across the Dehra Dun and passed the Siwalik range at Hardwar by the gateway 
created by the Ganges. 

A striking feature of the basin of the Jumna is the Chur, an isolated pyramid of t,he 
Nag Tibba range of the lesser Himalaya, surmounted by twin peaks. The Chur rises 
from the int,erior of the river basin and not from the boundary line.? 

The structural trough between the outer Himalaya and the Siwalik range is very 
distinct on the two sides of the Jumna : on the north-west this trough is known as the 
Kyarda Dun, and on the south-east as the Dehra Dun. 

The outer range of hdls west of the Jumna is drained by a small river called the 

The Ghaggar. 
Ghaggar (chart xx~v)  ; this stream is of interest, b e c a w  
the Ghaggar is said to have crossed the plains of the 

Punjab a t  one time as a considerable river. In the Rajputana desert the wide bed 
of an extinct river, called the Hukra, can still be traced for miles through the sand 
and the Hukra may have been a continuation of the Ghaggar.$ This we cannot 
decide, but one thing seems certain ; the Ghaggar could never have been a large river, 
had its Himalayan catchment basin been always as small as at present; and the 
question arises as to whether the Giri could formerly have drained into the Ghaggar 
and given to i t  the volume of water that tradition ascribes to it. 

An objection to this idea is that the Ghaggar is reported to have been a large 
river within the historic period, whereas the deflection of the Giri,-whether caused 
by the slow upheaval of a range across its course, or by a feeder of the Jumna cutting 
back to it south of the Chur and capturing its waters,-must have occurred long before 
the period of history, if i t  ever occurred a t  all. 

The Ganges. 

The Ganges (chart xxrv) is the great river of northern India that drains the 
Vindk,ya mountains and the Kumaun and Nepal Himalaya, and that waters the plains of 
Rohilkhand, Oudh and Bengal. Regarded as a Himalayan river, the name Ganges 
is applied to the particular affluent that issues from the mountains a t  Hardwar. 

It was believed by Rennell that the Ganges had a course 800 miles long above Hard- 
war, and that i t  drained Kashmir and Ladak ; and these views were represented in his 
-- - . - -- - ~. - - -. -- .- ---. -- . 

* United Pmvincee of Agra nnd OuM. sheet No. 1 : 1 inchPl mile. 
t Atles Sheet 47, 1 inch -4  miles. 
1 It may poseibly haw been s former bed of the Satlej. 
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map of India published in 1790. He also thought that the Ganges after draining 
Tibet passed under the Himalaya through a natural tunnel. " This great body of 
" water, " he wrote, " forces a passage through the ridge of Mount Himalaya, and sapping 
" its very foundations rushes through a cavern and precipitates itself into a vast basin 
" which i t  has worn in the rock a t  the hither foot of the mountains. The Ganges thus 
" appears to incurious spectators to derive its original springs from this chain of 
" mountains, and the mind of superstition has given to the mouth of the cavern the form 
" of the head of a cow, an animal held by the Hindus in a degree of veneration almost 
" equal to that in which the Egyptians of old held their God Apia."* 

Rennell was relying upon the descriptions given to him by travellers : what he 
thought was a cavern under the Himalaya was merely the ice-cave a t  the end of the 
Gangotri glacier, from which the Bhagirathi issues. Captain Hodgson has described 
this cave of ice :- t " The Bhagirathi or Ganges issues from under a very low arch a t  the 
" foot of the grand snow-bed. The river is here bounded to the right and left by high 
" snow and rocks, but in front over the debouch the mass of snow is perfectly perpendi- 
" cular, and from the bed of the stream to the summit we estimate the thickness a t  
" little less than 300 feet of solid frozen snow, probably the accumulation of ages." 

By 1807 geographers had begun to doubt the correctness of Rennell's conclusions, 
and in that year the Government of Bengal authorised a survey of the river Ganges in 
the mountains to its source. Captains Raper and Webb were directed to " survey the 
" Ganges from Hardwar to Gangotri, where that river is supposed either to force its way 
" by a subterraneous passage through the Himalaya Mountains, or to fall over their 
" brow in the form of a cascade, to ascertain the dimensions of the fall, and delineate its 
" appearance, and to observe its true geographical situation in latitude and longitude."$ 

After following the two great branches of the Ganges until they became narrow 
torrents, the survey officers reported that the sources of the river were on the southern 
side of the Himalayan chain. We kqow now, from modern surveys, that both the 
Alaknanda and Bhagirathi rise north of the Himalaya and pass thro~igh the great range 
in narrow gorges. The mistake of Raper and Webb is more instructive than that of 
Rennell : the latter was merely basing conclusions on hearsay evidence ; the former 
actually penetrated and passed the great Himalaya through a stupendous defile carved 
by the Ganges, but so hemmed in were they by mountains, that they entirely failed 
to understand that they had crossed the snowy range. From the bed of the Ganges 
on the northern side of the Himalaya, Raper and Webb reported that they had found 
the source of the river on the southern side. Mr. Colebrooke summed up the results of 
the Raper-Webb expedition as follows :4 " If the Bhagirathi and Alaknanda rivers 
" had a passage through the Himalaya, i t  should follow that the channel of its stream 
" would form the Ghatti (or pass) by which the snowy range became passable. But 
" since this principle holds good in practice, and since i t  is utterly impossible to cross the 

* Memuremurr of a Map of H i h k r n ,  1793. 
t Anhtic R m a r h ,  Vol. XIV, 1822. 
$ Asidic h'carorchea, Vol. XI, 1810. 
5 Aaiatic Hratarchea, Vol. XI. 1810. 
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" snowy range in a direction which the channels of these rivers might be expected to 
" assume, I consider that a t  least all former reports are determined fictitious. No 
" doubt can remain that the different branches of the river above Hardwar take their 
" rise on the southern side of the Himalaya or chain of snowy mountains." 

In 1812 Moorcroft made a similar mistake : he passed through the great Himala- 
yan range by the valley of the Ganges and crossed the Niti pass into Tibet. The Niti 
pass is situated on a hinder range, and is thirty miles in rear of the Himalaya ; never- 
theless when Moorcroft, who was an accurate and capable observer, arrived a t  the pa=, 
he was quite unaware that he had crossed the Himalaya.* 

Such mistakes as these bring home to us what a bewildering maze the unmapped 
Himalayan area really is. " From an extensive experience in Himalayan surveying," 
wrote Colonel Tanner, " I can safely state that even when carrying on our work with 
" the aid of the best maps, instruments and requisite knowledge of surveying, we are 
" liable, until we compute out the positions of our points, to mistake one mountain for 
"another, even though we may have learnt their appearance by heart from other 
" stations. "t 

Colebrooke's conclusions were held to be correct until the fallacies underlying 
them were exposed in 1817 by Captain Herbert, who showed that both the Alaknanda 
and Bhagirathi rise on the Tibetan side of the great Himalayan range. 

The Alaknanda has many feeders that rise north of the line of snow, the Dhauli $ 

Feedas of the Ganges. 
and the Vishnuganga being the principal. The Dhauli 
has its source a t  the Niti pass of the Zaskar range, and 

the Vishnuganga behind Badrinath : they join a t  Joshimath (6000 feet) and here the 
passage through the great range commences (chart XXIV). 

At Karnprayag the course of the Alaknanda is deflected by the lesser Himalayan 
range (Nag Tibba), which also determines the direction of the Pindar tributary. At 
its junction with the Pindar the height of the Alaknanda's bed is 2600 feet.$ 

The Bhagirathi issues from the Gangotri glacier behind the Kedarnath peaks at 
a point called Gau Mukh, 13000 feet high.11 When Captain Hodgson and Lieutenant 
Herbert visited Gangotri in 1817, they named four prominent snowy peaks, standing 
near the head of the glacier, St. George, St. Andrew, St. Patrick and St. David : these 
names have now fallen into disuse and i t  would be a pity to revive them: the four 
~ e a k s  of Hodg3on and Herbert can be identified with the group, known to modem 
geographers as Satopanth. 

The Jahnavi, the westernmost feeder of the Ganges, joins the Bhagirathi seven 
miles below Gangotri temple : their combined waters cut through the great Himalayan 

- 

A&ic Rraea-&a, Val. XII, 1818. 

f &wrd Report, Survry nf India, 1883-1884. 
$ Dhauli or Dhanliganga : them am many rivers of this name in the Himalaya, but none M large M thin tribu* of the 

Alsknmda. 
( The range south of the Pindar river has on a amall scale a resemblance to the Pamir plateau : on the north the Pindar 

river liko that of Teehkurgan flows for a long distance parallel to the range : on the aonth several rivers, like the afallents 
of the Oxua, rise in the range and flow down at right angles to it. 

Vide Atlre sheet 66 N.W. a d  aheets of the Kumaun and Garhwal Surcey. 
(1 Atlag sheet 65, scale 1 inch=4 milee. 
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range between the peaks of Srikanta and Bandarpunch, four miles west of the former, 
eight miles eastbf the latter, and .- 13000 feet below them (chart xx~v). This gorge of 
the Bhagirathi is '' one of the most remarkable in the Central Himalaya, and for 
" picturesqueness can hardly be surpassed by any valley in the world. Its sides are 
'" often absolutely vertical, smoothed down by the torrent, which rushes 600 feet or 
" more down below through a narrow slit in the rocks."* 

At Tihri the Bhagirathi has cut down 20 feet into the solid rock below the bed of 
its tributary, the Behling. This is characteristic of the Himalayan rivers, the develop- 
ment of the trunk streams being commonly in advance of that of the lateral feeders. 

The Alaknanda and Bhagirathi unite a t  Deoprayag in rear of the Mussooree range of 
the lesser Emalaya, and their combined waters pass the latter through a defile. 

The Kaliganga or Mandakini is an important tributary of the Ganges draining the 
southern faces of Kedarnath and Badrinath (table VI). 

During the earlier half of the nineteenth century controversies frequently arose over 
the claims of different affluents to be the main source of 

The source of the Ganger the Ganges, and Captain Herbert, who was for many years 
the  greateat living authority on the Himalaya, was of opinion that the Jahnavi was 
the true source.? 

It has come however to be recognised that a river, which is being fed from great 
numbers of glaciers, cannot be referred to any one source, and the question has ceaaed 
to be of interest : i t  is probable that not a twentieth part of the water in the Ganges is 
derived from any sihgle glacier. If, however, we were to be called upon now to select 
the most important source of the Ganges, we should not be able to support Herbert's 
view. Herbert, not having seen the Alaknanda, assumed that the Bhagirathi was the 
true Ganges, but Sir Richard Strachey has pointed out that the Alaknanda is twice 
the size of the Bhagirathi, and that, if a source is to be named, i t  must be the Dhau1i.S 

Some writers define the source of a river as the point of its course, that is most 
remote from its mouth. Colonel George Strahan has shown that if this definition 
be applied to the Ganges, its source will not be Himalayan at all, but will lie near Mhow 
in Centra1,India a t  the head of the Chambal (chart IX). 

The following descriptions are taken from Captain Herbert's report on the Miner- 
alogical Survey of the Himalayan mountains.$ " I must not leave the Dhauli, however, 
" without saying something of those great accumulations of boulder stones, the very 
"' sight of which strikes the traveller with astonishment, and forces him to admit the 
" action of some great rush of waters. These diluvian beds are here seen on a scale, 
" which sets at nought any theory that would derive its agent from the body of water 
" a t  present occupying that channel." 

" The beds of some of the rivers are, for a part of their course, in the solid rock. I n  
"these cases, the depth is often considerable, *bile the appearance is such as leaves 

Oedogy of the Crnlrd Himdayaa by Griesbach, Memoira, Ueobgua l  Surocy of India, Vol. XXIII, 1891. 
t The name Jahnavi does not now appear on Indian ma but it is atill employed locally though mom culumonly 

Qormpted to Jadganga. The Jahnavi joina the Bhagirathi at Ebpng. A t h  aheet 65. 
$ J o d ,  Royal Oeographicd Society. VoL XXI. 1851. 
8 J o w d ,  Aaidic 8ociety of Bengd,  VoL XI, Part 11, 1842. 
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"not a doubt in the spectator's mind but that the present channel was once filled up 
" with solid rock. This is a conclusion we cannot escape from however difficult it may 
" be to understand the removal of so many thousand cubic feet of solid rock by the 
" agency of water. " 

" In  all the river beds too we see that there are accum~dations of gravel and bould- 
" er stones, all perfectly rounded, and consequently all of them such as have been subject 
" to the action of water. These collections, i t  appears from the details I have given, 
" are in many cases of very great extent, and frequently occur a t  a height of even 300 feet 
" above the present bed of the river. That these collections should ever have been 
" formed by such bodies of water as are found a t  present in their vicinity, is altogether 
" inadmissible. Their extent, the size of the fragments, the distance from which they 
" are derived, above all their great depth, and the height at which they are found above 
"the present bed of the river-all forbid so incredible a supposition." 

Captain Hodgson described how the Ganges was a t  one time obstructed by the 
fall of a cliff.* " Five hundred yards further on,' ' he wrote, " are the falls of Lohari Naig 
" where the river is more obstructed than in any part of its course, and tears its way 
" over enormous masses of rock, which have fallen into i t  from the mural precipice which 
" bounds its left shore. This frightful granite cliff of solid rock, of above 800 feet high, 
" appears to  have been undermined a t  its foot by the stream, and the lower and middle 
" parts have fallen into it, whle the summit overhangs the base and the river. The 
" vast ruins of this fall extend for about a quarter of a mile ; the river has now forced its 
" way through, and partly over the rocks with a noise and impetuosity, we thought 
" could not be surpassed, but on our return in June when the Ganges was doubled in 
" depth, the scene was still grander." 

The Ramganga. 

The Ramganga (chart xxv) is an unimportant river, draining the southern 
face of the lesser Himalayan range in Kumaun.t ' I ts  basin has been accurately sur- 
veyed. 

The principal affluent of the Ramganga is the Kosila or lesser Kosi : it rises 
in the lesser Himalayan range and does not join the Ramganga, until they have es- 
caped from the mountains and entered the plains. 

During the gradual rise of the Siwalik range the Ganges had sufficient water to 
wear down the growing range and to maintain a direct passage across, but the Ram- 
ganga's small volume was unequal to the task of cutting down the new range, as i t  
rose, and the river was deflected by the latter for ten miles to the north-west, before 
it found a suitable place for an outlet.$ 

The structural trough between the lesser Himalaya and the Siwalik range through 
which the Ramganga flows is known as the Pat'li Dun: it is of a crescentic shape 

Aaiatu Beclcarchea. VoL XIV, 1822. 
t There are several Ramgangas in the Himalayn, but all are smaller than the one under desoription. 
$ Memoire. (fdogical Survey of Idm, Vol. XXlV,  1890, part 2, ptrge 15. 
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with the concave side facing south : i t  contains immense terraces of gravel of different 
heights which have been deposited by the Ramganga. " It is," writes Mr. Middle- 
miss, " one of the most beautiful spots that the North-West Provinces of India can 
"boast. It is undisfigured by villages and bazars. A solitary forest bungalow is all 
" that breaks the magnificent monotony of its billowy forests and grass-grown alluvial 
" flats."t 

In its course through the Patli Dun the Ramganga flows parallel to the Pindar 
tributary of the Ganges a t  a distance of 45 miles, and a t  a level lower by 1400 feet. 

The trough intervening between the lesser Himalaya and the Siwalik range through 
which the Kosila flows is known as the Kotah Dun ; i t  is 14 miles long and stretches 
from north-west to south-east : its level is 750 feet higher than that of the alluvial plains 
on the outer side of the Siwalik range. 

The Kali. 

The Kali or Sarda (chart xsv)  rises near the Lankpya Lek pass behind the great 
Himalayan range, and after running for 30 miles parallel to the latter turns and 
pierces i t  (figure 2, chart XVI). The height of its bed when i t  commences to force a 
passage through the great range is 10000 feet. 

The Api-Nampa group of peaks stands immediately east of the Kali : Takachull 
peak (22661 feet) rises between the Dharma and Gori affluents, and further west on 
chart xxv, we see the axis of the great Himalayan range marked by Nanda 
nevi (25645 feet), and Badrinath (23190 feet). 

In its upper courses the Kali river and its two affluents the Dharma and Lissar 
flow in long parallel beds five miles apart. No one of them rises north of the Zaskar 
range, but the Kali iteelf appears to flow along a furrow in the crest-zone. The long 
parallelism of the Kali, Dharma and Lisear rivers in their upper courses shows, perhaps, 
that minor wrinkles have in this region been superposed on the primary Himalayan 
folds.$ 

The Sa j u  § affluent of the Kali flowing south-east is on the same alignment as the 
Pindar tributary of the Ganges ;I\ for 100 miles these two rivers continue in one line and 
the beds of both are possibly occupying an original trough created in rear of the Nag 
Tibba range of the lesser Himalaya when the latter was upraised. 

Colonel Tanner describes a remarkable waterfall, which he discovered in the basin 
of the Kali.7 

" Taking some guides from Garbiang," he wrote, " I went down the Kali instead of a s c e n a  
the moraine, and after a difficult journey found myself at the bottom of the wildest place I have 
ever been in. On one side rose the cliff of the moraine backed by the mountains on the right bank 

Atlas Sheet 66 S.W.. 1 inch=4 milas. 
f Ycmoira, GedogiecJ 8ururvey of India, Vol. XXIV, 1890. part 2, page 85. 
$" The Liss~r river flows during the greater part of ita course along the axis of a symmetrical anticlinal formed of carbon. 

" ~feroua rocka, leaving it near the end of the Chingchingmauri glacier . . . . . . thie anticlinal is flanked on both sides by a 
" ayatem of other plications more complicated on the north-east." Crrienb-ch'a Qedopy of Ceniral Himalaya. Ycmoirri, 
Geologid S u m y  of India, VoL XXIII, 1891. 

j There en, many Sarjus in the Himalaya. 
[ Compsre chsrts XXIV and xxv, anci Atles sheet. clH N.W., 00 S.W.. and ti6 S.E. 
1 Qencml Report, ,'?fbruey nf 1t.din. 1884-86. 
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of the Kali ; opposite towered more c l i h  fringed, wherever there was standing room, by foreat trees, 
and down the face of the overhanging scarp in front of me poured the waters from Api in a feathery 
cascade of great volume and with a fall of between three and five hundred feet."* 

" The foot of the fall we could not see, as i t  descended into a deep abyss, where it was lost in 
the unseen Kali, which thundered and roared along immediately below our feet, but how far below 
us we could not say. Sheets of spray filled the cleft of the Kali and were blown hither and thither 
across the face of the cliffs, and the sun which was well overhead lit up the great hollow a t  our feet 
with a mess of bright prismatic colors." 

" Having visited this fall, which is called the Yangla Dhar, i t  was a question whether we should 
return by the way we had come or try and reach my camp by continuing our journey down the valley 
of the Kali. We decided on the latter course and though none of my men had previously visited 
this extraordinary place, they said that there might possibly be a means of skirting the cliffi, but 
that of course there would be bad places. Bad places there were indeed, and before long when chging  
to the rough places in the face of a slope that was nearly a cliff, I fervently wished I had not 
come, and sometimes had i t  not been for the friendly grasp of Rinzin's hand, I believe that I 
should not have emerged safely out of this awful valley. Gradually the dangers of the road 
became less, and towards evening we reached the most beautiful and charming village of Budi- 
literally the most delightful place I have seen in the Himalaya."t 

" Four valleys converge on Budi; the view of each could occupy an artist for a month. Spreading 
terraced cornfields skirt the foaming Kali, and here and there on the mountain sides small 
terraced spots, surrounded with many tinted forest trees, support the quaint housea of the. 
cultivators." 

" At one day's march below Budi the paeaage of the Nirpania-ki-Danda or waterleas ridge com- 
mences ; it has taken the ceaseless toil of generations to construct the series of stone steps or ladders 
over which the traveller has to make his way for a day and a half before he reaches an ordinary moun- 
tain path. This extraordinary trade-route consists of a kind of win- stair-case, which i carried 
up and down in the face of cliffs in many placea overhung with crags and with seemingly an almoet 
bottomless abyss below. The rough s t e p  are built into the rock wherever it has been possible to 
find foothold. " 

The Yangla Dhar falls are not true falls in the usual acceptation of the term. 
When a great river in its course drops suddenly and perpendicularly the drop may be 
described as " falls ; " but the cascade on the Kali is due to the difference in level 
between the bed of the main stream and the bed of a tributary. The Kali river has 
cut a deep channel for itself with a perpendicular wall on each side, and it is over 
one of its lateral precipices that the Yangla Dhar falls occur. 

The falls a t  Kishtwar on the Chenab are also over the face of a side precipice 
and are not on the main course of the river. Throughout the Himalaya similar 
cascades can be seen, though rarely so grand as that described by Tanner ; trunk streams, 
that drain extensive trans-Himalayan troughs, deepen their channels a t  a greater 
rate than the lateral streams can do, and consequently flow a t  a lower level a t  the points 
of junction. In  the higher mountains the differences of level between trunks and their 

* For the peak Bpi, aee table a 
t Atlas Sheet 66 N.E. 
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branches might be attributed to former glacial action, but this is not possibje in the 
outer hills. 

Though there are innumerable cascades throughout the Himalaya only two 
instances of falls have been recorded ; one is on the Indus where the drop is 20 feet, 
the other is at Pemakoi on the Brahmaputra, where the drop is 150 feet. 



THE RIVERS OF THE HIMAIAYA AND TIBET. 

THE RIVERS OF THE NEPAL H U A Y G  

The principal rivers of the Nepal Himalaya are the Karnali, the Rapti, the Gandak, 
the Baghmati, and the Kosi.* . 

The K a r d i .  

The Karnali, called also the Kauriala or Kurriali, is a great Himalayan river 
(chart xxv~)  ; in its passage across the plains of India after its exit from the hills it  is 
known as the Gogra.? 

The sources of the Karnali have been explored by the brothers Richard and Henry 
Strachey, by Colonel Tanner and by other reliable observers, and its course has been 
traced in Tibet from Takla Khar to the shrine of Kojarnath ; but it  then enters Nepal, 
.rand with the exception of the information gained by a native explorer, nothing more 
is known of it, until i t  reaches the plains of India. 

The basins of the Karnali and the Sutlej are in contact in Tibet, behind the basins 
of the Kali, the Ganges and the Jumna. In escaping from Tibet the Karnali passes 
through a remarkable trough with Gurla Mandhata (26355 feet) on the one side and 
peaks of n o o o  and 23000 on the other : near Kojarnath this trough is less than 18 miles 
wide a t  a height of 20000 feet, a peak of 21800 feet standing eight miles north-east 
of the river and one of 20300 feet ten miles south-west. 

Between Gurla Mandhata and Nampa the Karnali is now creating a canyon 
lar but inferior to that of the Sutlej. 

The great tributary of the Karnali is the Birehi ;$ the two rivers do not unite 
until they have left the mountains ; as their courses in the Himalaya are convergent 
their delay in conjoining is noteworthy. The two main affluents of the Ganges unite be- 
hind the lesser Himalaya range to force a common passage ; the tributaries of the Gandak 
and Kosi do the same ; and the Karnali alone of the greater Himalayan rivers possesses 
two outlets through the iesser range.§ 

~t may be thought that the lesser Himalayan range is but slightly developed 
across the lower basin of the Karnali, but this is not the case. The number of peaka 
that have been fixed on one alignment across the basin, and the number of minor rivers 
that are believed to rise in this alignment are sufficient indications of the presence of 

a diatinct range. 
. - 

* Map of Nepal, 1 inch=18 milw. 
t For an accoiint of the Karnali see India, by Sir John Btrachey. 
f Gownasthe Birehi in ite upper uourse, the Bahai in ite middle, and as the 8 a j u  in ita lorer. 
9 The reference hare is to the outer parallel range (Mahabarat) and not to any oblique rang.. 
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The fdlowing extraeta are taken from the diary of a native explorer who followed 
the upper course of the river Birehi in 1873 from a place called Tibrikot (7226 feet) as 
far as the Digi pass (16880 feet), which is on the water-parting of the Gandak. 

" Y r m  Wet I followed tihe cuurse of the Bbri  (Birclri) river and reached Charka on the 
4th Beptmnber, having passed some lama-aeram an the mad. One of them crlIed Barphang &npa 
co& # or 50 1 ~ .  Near another named Kanigang Gonpa, the river haa high perpendicular 
rocky w, and the people have made a tunnel 54 psces in length through the rock. There was 
origjnally a crevice, and the rock on either side of it waa cut away sufficiently to allow of a man with 
a load to pese through with a squeezing, the height of the tunnel not being sufficient in all parts to 
admit of hie going through standing." 

" Charka is the Iaat village on the river Bheri : on the oppoeite side of the river is a gonpa (lama- 
serai) to which the firat-born male of every family in the village, aa is the practice amongst tha Bud- 
dhista generany, is dedicated aa a lama. I left Charka on the 5th and aacended the Digi La, aboub 
16880 feet above aea-level (caned by Goorkhaa Balali-Patan) by a gentle incline." 

"On eitber aide of the pam there are snow-covered ridges. The paea is broad, and there is a 
him an i t  at the watemhed."* 

The Karnali has deepened ita bed to a far greater extent than the Birehi. TZle 
height of the bed of the &hi a t  the point where the river crosses the great range, is 
believed to be about 6000 feet : the bed of the Karnali is between 3000 and 3500 feet 
high, where i t  intersects the aone of great peaks : in its passage across the granite axis 
of the great Himalayan range the Krrrnali flows at  possibly a lower altitude than any 
other HimaIayan river, excepting perhaps the Indns. 

The Rapti. 

The sources and course of the Rapti in Nepal have never been thoroughly explored ; 
the maps of the Survey of India show it  as rising in the lesser Himalaya and 
chart x x v ~  of this paper gives it a small longitudinal basin situated in the outer hills 
between the Karnali and the Gandak ;t but other m a p  place its sources in the great 
Himalayan range weet of Dhaulagiri. Neither plan bas been constructed from surveys 
and neither deserves much weight. 

A river that risea in the lesser Himalaya receives its water from the periodica1 
raim only, and is almost + for a great part of the year. But a river that is fed by 
glaciers has a perennial stream. The Rapti is never dry enough in the plains of India 
to be generally fordable : it is a t  its Iowest in January and February ; snow water comes 
down in May, and the river rises considerab!~ early in June, and remains in flood till 
September. These facts throw doubt upon the correctness of the Survey of India maps 
from which chart XXVI has been drawn. In a letter dated September 8th, 1906, 
Mr. H. Spencer, C.S., writes :-" This year there were two heavy floods in the Rapti 
cG in August simultaneoudy with unprecedented floods in the Srt j u  (Birehi) and Kauriala 
c f  (Kam~li) which unite to form the Gogra. The local rainfall had nothing to do with 

-- - - -  -- - -- 

a E-a rurrrdiac of hie jounuy PdcTavmh an Rumam ai8 Jamk to Tadurn and hark dong the KdiCh&& r h r  

fo B ~ ~ W  krribry. Qenerd Repod, Survcy O/ India, 18757.1. 
The Digi paan is shown on chart Xxvr. 
t On thg authority of the Survey of India, are Map of Inditr, loale 32 milen =I  inch. 
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" these floods, and i t  might be inferred that these rivers come from the same tract 
" of mountain ranges. " 

Tire Gandak. 
The Gandak has three principal affluents, which have been named by survey 

explorers the Kali Gandak, the Buria Gandak and the Trisuli Gandak (chart xxm). 
Of these three the Kali Gandak is known, and the other two are believed to rise in the 
trough behind the great Himalayan range. Having pierced the range independently, 
they join their waters on its southern side, and in one great stream force an opening 
through the lesser Himalayan range. It would thus appear that each of the three 
principal affluents of the Gandak has been able to carve a defle through the greater 
range, but that all have been stopped and deflected by the rise of the lesser range. 

The geography of the Gandak basin is, however, so largely theoretical and 

Absence of proper surveys. 
conjectural, that i t  is not possible to arrive a t  
definite conclusions. The courses of the great tribu- 

taries have been followed by a native explorer, and Colonel Tanner sketched 
what he could see of the country from great distances : but results obtained by such 
methods can only be regarded as first approximations to truth, and they wil l  certainly 
require to be corrected when Nepal becomes accessible to scientific surveys. The 
following extracts from Colonel Tanner's writings will illustrate his own opinions :- 

(i) " From the Someahwar hills which rise a t  their highest point to a little over 2000 feet, my 
assistante were able to secure a certain amount of Nepal topography and to fix a considerable 
number of peaks, but a low range about 20 miles to the north maaked all but the snowy range which 
lay behind it, and no portion of the larger streams such as the Buria Gandak, the Kali and the 
'Trisuli Gandak could be seen." 

" The hydrography of this part of Nepal is in considerable confusion, and though we were able 
to fix with fair precision the upper courses of one or two of these rivers, where the great snow-clad 
mountains give forth glaciers, yet in the lower ranges their courses have been laid down from the 
route-surveys of native explorers only, and as some of these route-surveys show a want of complete- 
ness in thk neighbourhood, the points of junction of the rivers above named remain largely open to 
doubt. One glance a t  a tract north of the low range above noted would furnish more geography 
than could be derived from years of work by explorers ; yet I regret to say, access to any point north 
of the Someshwar range is denied us." * 

(ii) " Distant sketching based on trigonometrically fixed p e a b  affords a fairly good bask whereon 
to adjust the traverses and topography of the explorers, but i t  is very difficult work and can only be 
prosecuted during the very few days in each year, when haze is absent from the atmosphere, and when 
clouds do not envelop the hill ranges. With the exception of a blank of some ten miles wide which 
occurs on the west of the Gandak river in Central Nepal, the whole country has been sketched in 
some form or other, from the towers and other stations of the Great Trigonometrical Survey in the 
plains and from the hill stations of Kumaun in the west and of Sikkim in the east, but such work 
being the reault in some cases of sketching done from points a hundred miles distant is necessarily 
vague and incomplete and a t  the most only secures the tops of the more conspicuoue ranges. "t 

Our prwenl Lnorolcdge of the Himalaya, by Colonel Tanner. Proceed., R. Q. 5., Vol. XIII, 1891, page 419. 
t General Report of the Survey of India, 1687-86. Notes by Colonel Tanner on reconnaisaancea and ezplw&iom in 

Nepal, Bikkim, Bhutan and Ascram. 
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Names of affluents. 
In 1849, Mr. Brian Hodgson wrote of the Gandak as 

follows* :- 
" In the basin of the Gandak we have, successively from the west, the Barigar, the Narayani, 

the Sweti-Gandaki, the Marayangcii, the Daramdi. the Gandi and the Trisul. These are the ' Sapt- 
Gandaki ' or seven Gandaks of the Nepalese, and they unite on the plainward verge oi the mountains 
at Tribeni above Saran. They drain the whole hills between Dhaulagiri and Gosainthan, the Barigar 
and one head of the Narayani rising from the former barrier, and the Trisul with every drop of 
water supplied by its affluent9 from the latter. Nor does a single streamlet of the Trisul arise east 
of the peak of Gosainthan, nor one driblet of the Barigar deduce itaelf from the westward of 
Dhaulagiri." 

With the exception of the Trisul, Mr. Hodgson's names for the principal affluents 
differ from those given by the explorers : he obtained his information by questioning 
Nepalese a t  Katmandu, and the explorers gained theirs from the inhabitants of the 
respective localities. It is not uncommon in the Himalaya and Tibet to finda 
name used for a geographical feature by people a t  a distance differing from that 
employed by the local natives. 

In our description of the Karnali we quoted from the diary of a native explorer 
who followed up the Birehi tributary to the Digi Pass : 

Exploration of the Gandak basin this man crossed the Digi Pass, and descending into 
the basin of the Gandak, reached the town of Kagbeni. 

Kagbeni is situated a t  the junction of the Kali Gandak and the Muktinath stream ; 
i t  is about 9000 feet above sea-level and consists of 100 houses inhabited by Bhotias. 

The explorer followed the Kali Gandak to its source a t  the Photu Pass, and crossed 
over into the valley of the Brahmaputra. The height of the Photu Pass he found 
to be 15080 feet above sea-level and 250 feet above the plains of the Brahmaputra to 
the north. This low depression in the Ladak range is a peculiar feature. It may have 
been carved by the Kali Gandak in a former geological age, when that river had iB  
sources in Tibet and further north than a t  present. 

Our information concerning the Trans-Himalayan trough of Muktinath is so scanty 
that the following note by the explorer ia of interest : " To the east and south-east of 
" Muktinath, about two miles, are lofty snowy mountains extending in a north-east 
" and south-west direction, from which the stream takes its rise which flows by Muk- 
" tinath to the ncrth, takes in the temple water and joins the Kali Gandak river a t  
" Kagbeni. "t 

If we are to rely upon the description in this extract, there must be a transverse 
ridge higher than the snow-line (16000 feet) separating the basins of the Kali Gandak 
and Buria Gandak north of the Great Himalaya. No observer, however, has actually 
crossed this ridge, and its existence may be doubted. 

The explorer from whose diary we have quoted is the only geographical observer 
who has ever traversed the defile of the Kali Gandak through the great Himalayan 

- 

* Journd, Asiatic Society of Bengd, Vol. XVlII, Part 11, 1849. 
t Qewul  Heport, Burvey o/ India, 1815-74, page xiii 



148 THE RIVERS OF THE HIMALAYA AND TIBET. 

range. This defile cuts the range 4 miles east of Dhaulagiri peak ; the height of the. 
peak is 26796 feet, that of the bed of the defile 5000 feet, and the fall from the one 
to the other exceeds 6000 feet a mile. The explorer's narrative of his journey along 
this extraordinary river is disappointing, though not without interest. " On the 6th of 
" October," he wrote, " no villages were met with during the march, and the road passed 
" through jungle the whole distance, crossing several small streams running into !he 
" Kali Gandak. I passed the night in the jungle." He was thus unaware that he was 
crossing the great Rimalayan range : he did not see Dhaulagiri and was ignorant of 
its proximity. His references to the jungle and his failure to notice the rocky preci- 
pitous sides of the gorge tend to show that the Kali Gandak posaeases a wider passage 
than many of the Himalayan rivers. 

Little is known of the upper courses of the Buria and Trisuli Gandak. In 1865 
an explorer marched from Katmandu up the Trisuli Gandak, and passed 16 miles west of 
peak Dayabhang : he was able to follow the river and did not describe the passage as 
difficult. He estimated the height of the river's bed, where it crowd the axis of the 
great Himalaya, to be between 6000 and 7000 feet. He found no open plain nor flat 
basin behind the great Himalaya, the spurs of the latter being apparently sepa- 
rated by ravines from those of the Ladak range to the north. He crossed a pass 
(15400 feet) over a ridge behind the great range, and found himself in the basin of 
the Buria Gandak. 

The Buria Gandak rises a t  the No pass (16600 feet) on the Ladak range : it ia 
possible that the Shorts Sangpo, now a tributary of the Brahmaputra, once flowed 
over the No pass into the Buria Gandak. 

The Buria Gandak and the Trisuli Gandak unite on the south side of the great 
Himalaya, and after flowing as one river they join the Kali Gandak at  Deb Ghat, a 
goal of pilgrimage. Below the junction of the streams, the explorer stated, the nver is 
called the Narayani ; this is one of the names given by Mr. Hodgson in the extract 
we made from his writings. 

The Baghmati. 

The Baghmati rises in the Mahabarat range of the Lesser Himdaya, and drains the 
central valley of Nepal (chart XXVII). This famous valley is a rock-basin filled 
with alluvial deposits; it is of an oval shape, its greatest diameter being 12 miles 
and its smallest 9 miles; it is small compared to Kashmir, and unlike the latter is 
not enclosed between the Great and Lesser Himalaya. 

Colonel Kirkpatrick visited Katmandu in 1793, and subsequently published an 
account of the Nepal valley. In 1805 Colonel Crawford, who was afterwards Surveyor 
General of India, conducted surveys in Nepal, and measured some of the peaks of the 
Hirualaya, being the first to discover their immense height.* The records of Colonel 

-. - - - . . . - . - - - . 

* A M m ' r  oa the Irdiun Surueys, by Clemenb Markham. 
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tChaw;ford's observations ware lotst, but a few of his results wese given in Budanan 
33amiltonYs Account of the Kingdom, of N e p d .  Fmrn 1806, when Colonel Crawford 
took observations, to 1903, when Captain Waod was permitted by the Nepalese 
Government to observe the peaks of Ganrisankar and Mount Everest, no survey officqr 
was allowed to enter Nepal. 

The Eosi. 
The Kosi (chart x x v ~ n )  is one of the most important of the Himalayan rivers. 

Its principal affluent is the Arun which drains an immense trough in rear of the great 
Himalayan range. Chart XXVIII has been taken from the mast recent m a p  of the 
Survey of India : its main features are probably correct, but it can lay no claim In 
accnracy of de td .  

In the General Report of the Survey of India for 1883-84, Colmel Tanner wrote : 
" I now have to dispose of the various branches of the Kosi river, which wind about 
" out of view behind the Mahabarat range, and this I confeas I am at present unable to 
" do. Between us, Mr. Robert and I have dotted the country south of the snows with 
" trigonometrical points, and I can find no room between any of them for a valley 
" wide enough to contain the weatern Kosi in ite course from weat to east." 

No additional geographical information has been gained, since Colonel Tanper 
explained his difficuky, and the couree given to the Sun Kosi on the chart is conjec- 
%ural. All we know is that the tributaries of the Kosi west of Mount Everest we 
deflected by the Lesser Himalayan range, and that they pass through the latter in .the 
defile carved by the Arun. 

The fact that the Arun flows now in a straight couree from the great range to the 
plains shows that i t  was able to maintain ita passage across the lwer  range during 
the latter's growth : the Bhotia Kosi, the Dudh Kosi and all other Kosi a h e n t s  were 
stopped by the rising range, and have had to escape through the gorge forced by the 
more powerful Arun. 

Mr. Brian Hodgaon divided the Kosi into seven principal affluents. " The basin 
'' of the Kosi," he wrote, " has seven principal feeders. These are as follows :-the 
" Milamchi, the Bhotia Kosi, the Tamba Kosi, the Likhu, the Dudh Kosi, the A m  and 
"the Tamor. Of these the Milamchi rising from Gosainthan is the most westerly and 
" the Tamor rising from Kangchang (Kinchinjunga) is the moet easterly feeder." 

" And those two great peaks with the pre-eminent ridges they send forth southwards 
" include every drop of water that reaches the great Kosi of the plains through its seven 
" Alpine branches. All these branches, as in the case of the Gandak, unite within the 
" hills, so that the unity of this Alpine basin also is as clear as are its limitary peaks 
" and its extent. The Alpine basin of the Kosi is denominated by the Nepalese the 
" Sapt-Cousika, or country of the seven Kosis."* 

-- -- 

* J o u n d ,  Aaidic Society of Bengal. Vol. XVIII, Part 11. 1849. We quote Mr. Hodgaon for the information that he gives 
concerning namea : we do not agree with his theories. The basin of the Koei is not bounded by two greet p k s  ; it is 
traversed by s whole line of them. The peaks in the interior of the basin are as high as those on the lsteral water-partings. 
The effiuenta of the Kosi have not been forced to converge by the ridgea rnnning southwards fmm Kinchinjusga and 
Goeeinthan, but by the recent rise of the leeser Himalayan range across their p tbs .  
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"amongst the enormous detached fragments of which i t  was formed, and which were 
" often 80 feet square: all were of gneiss and schist with abundance of granite in 
" blocks and veins. A superb view opened from the top, revealing its nature to be 
" a vast moraine, far below the influence of any existing glaciers, but which a t  some 
"antecedent period had been thrown across by a glacier descending to 10000 feet 
"from a lateral valley on the east flank."* 

The Bhotia Kosi rises a t  the Thanglang pass, which is 35 miles north of the 

The Bhotia Kosi. 
crest-zone of the great Himalaya range and 10 miles. 
south of the upper Arun. The height of this pass is 

18460 feet : the source of the Bhotia Kosi is thus 5000 feet above the Arun valley to 
the north, and 6000 feet below the nearer peaks of the great range. The Bhotia Kosi 
as a river is thus interesting in that i t  rises behind the axis of the great range, though 
i t  has not tapped the trough in rear. 

In 1871 a native explorer of the Survey of India crossed the Thanglang pass from 
the north, and marched down the ' Bhotia Kosi. and from his accounts the following 
description was compiled by Colonel Montgomerie :- 

" Between Nilam (north of the great range) and Listi Bhansar (south of the range) 
" the explorer followed the general course. of the Bhotia Kosi river, and though i t  is 
" but some 25 miles direct distance between the two places, the explorer had to cross the 
" Bhotia Kosi river 15 times by means of 3 iron suspension and 12 wooden bridges, each 
" of from 24 to 60 paces in length. At one place the river ran in a gigantic chasm, 
" the sides of which were so close to one another, that a bridge of 24 paces was sufficient 
" to span it. Near this bridge the precipices were so impracticable, that the path had 
" of necessity to be supported on iron pegs let into the face of the rock, the path being 
" formed by bars of iron and slabs of stone stretching from peg to peg and covered with 
" earth. This extraordinary path is in no place more than 18 inches and often not more 
" than 9 inches in width, and is carried for more than one-third of a mile (775 paces) along 
" the face of the cliff, a t  some 1500 feet above the river, which could be seen roaring 
" below in its narrow bed. The explorer, who has seen much difficult ground in the 
" Himalaya, says he never in his life met with anything to equal this bit of path."i 

From Listi Bhansar the explorer's route passed through country characteristic 
of the Himalaya south of the great range, being extremely rugged for considerable 
distances, and easy in the troughs or ' duns ' : he crossed the Indrawati feeder of the 
Kosi, and found that i t  drained five small tarns called Panch Pokri. 

The Dudh Kosi, like the Bhotia Kosi, rises in the great Himalayan range behind 
the crest-zone and the great peaks. It separates Mount 

The Dudh Kosi. Everest from Gaurisankar, and rises close to the great 
peak T 4 2  (25433 feet). 

In 1885 an explorer followed the course of the Dudh Kosi from the south, crossed 
the Pangula pass a t  its source and descended into the upper Arun valley behind. 

- - ~  

HimaLayan Joumala, Vol. I, Chap. X. This moraine stood 700 feet abovo the floor of the valley. 
t Qewd Report on the opera tha  of the Great Trigmmlrio~/  Auwcy of India, 1871-72. 

2 A 
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The Pangula pass he described as the highest and the most formidable one that he had 
ever crossed ; i t  is 24 miles west-north-west of Nount Everest, and the explorer's route 
passed within 15 miles of the great peak." He thus approached nearer to the highest 
point of the earth's surface than any other geographical observer has ever succeeded 
in doing: he, however, saw nothing of it, as i t  mas hidden from view by intervening 
cliffs and ridges. 

I t  has always been regretted that this explorer failed to make any determinations 
of height : he estimated the height of the Pangula pass a t  20000 feet, but no reliance 
can be placed upon his guesses. 

The Tambar or Tamor or T a m u  is the most easterly affluent of trhe Icosi : i t  rises 
behind the crest-zone of the great Hima1aya.n range, and 

The Tambar Kosi. 
drains the south-western fa.ce of Kinchinjunga and the 

western slopes of hhe Singalila ridge. The peaks of Jano and Kambachen stand 
within it,s bazin, and the glacier of Yalung feeds its waters. 

-- - - -- 

*,General Repa*/ 01 the Surrey oj India, 1885-8G. 
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THE RIVERS OF THE ASSAM HIMALAYA. 

The principal rivers of the Assam Himalaya are the Raidak, the Manas and the 
Brahmaputra : the Tista has been included with them in this section, but it is the river 
of Sikkim, and does not enter Assam. Sikkim is the name given to the Himalayan 
area drained by the Tista ; i t  is situated a t  the junction of the Nepal and h s a m  Him- 
alaya, and separating the two belongs to neither. Some writers have referred to the 
mountains of Sikkim as the Sikkim Himalaya, but in this paper we have endeavoured 
to limit the numbers of Himalayan divisions, and as Sikkim is a very small area, we have 
regarded the bed of the Tista as the eastern boundary of the Nepal Himalaya and ae 
the western boundary of the Assam Himalaya. 

The Tista. * 
Compared with the basins of other Himalayan rivers that of the Tista posseasea 

exceptional features (chart XXVIII). The Lesser Himalayan range and the Siwalik 
range seem both to  be absent, and the great Himalayan range has been cut back into a 
bay instead of being pierced by a river gorge. 

The great Himalayan range trends from Kinchinjunga to Chumalhari, but it may 
be questioned whether its alignment between the two peaks was originally straight. 
It is possible that the great range was slightly curved east of Kinchinjunga. But whether 
the Tista originally flowed down from a straight range, or whether its development 
was assisted by a concave bay in the range, there is but little doubt that it has suc- 
ceeded in cutting back through the great Himalaya by head erosion, and that its sources 
are now situated behind the original line of crest. 

The Tista rises on the northern side of the Himalayan crest-zone, but not north 
of the range itself, and it does not drain any structural trough in rear of the range as the 
A m  does. The drainage of the northern slopes of the Kinchinjunga mass, though not of 
the supreme summit, passes into the Arun. 

The basin of the Tista has probably a heavier rainfall than any other Himalayan 
basin ; not only is i t  situated a t  the head of the Bay of Bengal but there are no outer 
ranges of mountains t o  bar the progress of the moisture-bearing winds. 

On issuing from the mountains the Tista flows near the water-parting between the 
alluvial basins of the Ganges and Brahmaputra : formerly it,s course in the plains 
was southwards and it joined the Ganges at  JaSirganj, but in 1787 i t  suddenly changed 
its direction and opened out a new channel to the eastward, in which it has since flowed, 
joining the Brahmaputra above Divanganj.1 

- 
Much interesting inforlnatiou concerning the Tista and many beautiful views of Sikkim will be found in Douglas Fred. 

t North-Eaat Trans-frontier Sheet, 7 N. W., 1 inch = 4 mile. 
$ Rudiments of Phyahd Qeogzaphy, by H. F. Blanford. 
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From Sir Joseph Hooker's descriptions of the Tista it would appear that it does 
drain a comparativdy level valley in rear of the great granite range, though not a 
tectonic trough. " Above 11000 feet," he wrote, " the valley expands remarkably, the 
"mountains recede, become less wooded and more grassy, while the stream is suddenly 
"less rapid, meandering in a broader bed and bordered by marshes."* 

"The upper portion of the course of the Tista (Lachen-Lachoong) is materially 
"different from what i t  is lower down, becominga boisterous torrent as suddenly as 
"the Tambur does above Mywa Guola. Its bed is narrower, large masses of rock 
"impede its course. ''7 

" From its principal source a t  lake Cholamo i t  descends from 17000 to 16000 feet 
"with a fall of 60 feet to the mile ; from 16000 to 12000 feet the fall is 140 feet to  the 
"mile ; in the third part of its course i t  descends from 12000 to 6000 feet with a fall 
' of 160 feet to the mile : and in the lower part the descent is from 6000 feet to the 

"plains of India a t  300 feet giving a fall of 60 feet to the mile. There is, however, no 
" marked limit to these divisions ; its valley gradually contracts, and its course gradually 
" becomes more rapid.' ' S 

Sir Joseph Hooker calls attention also to the remarkable absence of large stones 
or boulders from the bed of the Tista.5 

The Raidak and the M a w .  

The Himalayan area drained by the Raidak and Manas is known as Bhutan (chart 
xxrx). The positions and heights of a few peaks in the basins of these rivers have 
been fixed, and the courses of the main streams followed ; but observations have been 
insufficient to justify any definite statements, and to a great extent the country is a 
terra incognita.\ 1 

" In Bhutan, " wrote Colonel Tanner in 1891, " all the rivers can be set down 
-' as unknown, except the Lhobrak of Tibet, which emerges into India as a part of those 
."large rivers which, united, form the Manas of the plains."T[ 

Captain Pemberton traversed Bhutan from west to east in 1838, and he dis- 
covered that there were several passes leading from Tibet into the basin of the 
Ma nas. 

The interesting feature in the geography of the Raidak is that the hill rivers flow 
out independently parallel to one another and perpendicularly to the ranges, instead 
of combining behind one of the outer ranges to force a joint passage. The reason 
of this peculiarity is that the outer Himalayan and Siwalik ranges are not represented 
by any marked chains of mountains in the basin of the Raidak. 

Himalayan J o u d ,  Yol. 11, page 66. 
t Himalayan J o u d ,  Vol. 11. pnge 15. 
f Himalayan Journds, Vol. 11, pap 399. 

Himalayan . l o ? r d ,  Vol. I, page 397. 
I! For erplorntion of the Manas bnsin, see Qenerd Beporr, Survey of India, 1866-67. 

C Procecdingr, Royal Qeogrccphieal Sociefy, VoL XIII, 1891, page 416. 
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In the Manas basin the lower ranges re-appear and gain their normal elevation, 
,and the phenomenon of rivers converging and uniting in the mountains is again 
witnessed. 

The valley of Chumbi is drained by the Ammu tributary of the Raidak, and 
consequently forms part of the basin of the latter.* This valley is the only portion of the 
Himalayan area south of the great range, that belongs to Tibet. The rainfall in 
Chumbi is very small compared to that of the contiguous province of Sikkim. 

The Brahmaputra. 

The basin and tributaries of the Brahmaputra are shown in chart xxx : this 
river rises near the sources of the Karnali and Sutlej in Tibet a t  a height of 16000 feet. 
Unlike the Indus, or Sutlej, or Karnali, i t  has cut no deep channel for itself in 

- 

Tibet, and in spite of its immense elevation i t  is, south of Lhasa, a sluggish and navigable 
river. Ita basin is nowhere in contact with that of the Indus. Ita bed is 14840 feet 
high a t  Tradom, 11800 feet a t  Shigatze, 8000 feet a t  Gyala Sindong and 442 feet a t  

The remarkable feature of the Brahmaputra in Tibet is the tendency of its feeders 
to flow in a direction opposite to that of the trunk 

Change in direction of flow. river. t If but one feeder had been observed to take a 
course contrary to that of the river, the phenomenon might have been attributed 'to 
some local topographical peculiarity ; but when all the principal affluents of a 
long section of the river are found to follow the same contrary course, it become8 
evident that the Brahmaputra must a t  no distant time have flowed from east to west 
in Tibet, and that its tributaries were developed during that period of its history. 

It has been held by some authorities that the Brahrnaputra has been diverted from 
an original course through China, and has been forced to cut a passage through the 
Assam Himalaya.$ But in our opinion the evidence furnished by its feeders is 

. ~ 

conclusive ; the Brahmaputra formerly flowed through Tibet from east to  west. It is not 
possible to express an opinion a t  present as to where it escaped through the Himalaya : 
it may have flowed over the Photu pass and through the defile of the Kali Gandak ; 
i t  may have passed through the basin of the Karnali, and i t  may have followed the 
present Himalayan course of either the Sutlej or the Indus : arguments can be adduced 
to show that each of these hypotheses is worthy of future investigation, but with our 
present knowledge no conclusion can be reached. 3 

* North.Ewt Frontier Sheet, 7 N. W., 1 inch = 4 miles. 
t A n d  Report of the Board of ,Scientific Advice for India, 1935-06. 
$ India, by Sir T. Hddich,  1905, page 11 1. 

The following evidence support8 the idea that the Brahmaputra once escaped from Tibet along the present course of the 
Ka]i Qandak. The Photu pass separating the basin of the Kali Gandak from the present basin of the Brahmnputra is an 
extraordinav depression in the Ladak range and is only 2M) feet higher than the Brahmaputra plains of Tibet. The gorge of 
the Knli Gandak intersecting the great Himalaya is immensely dcep nnd can hnrdly hnve been cut by the volun~e of water 
iesuing from so small a catchment basin, w the river now possesses behind the great Himalaya. 

That the Brahmaputra once flowed out from Tibet b.v the chflmlel of the Sutlej is an hypothesis that  helns to explain 
the present existence of the great canyon in Tibet : the small stream that now trickles along the floor of !he rsnyon c3nno+ 
have suf6ced to cut such a mighty mvinc. The course of the Sutlej in Tibet follcvs the same aligument M thal  of the 
Bnrhmaputrs, and the channels of the Spiti and the Chennl, arc furtlirr entens~ons rif the uame line. (cotrtt?nted oil 11( rl p r q p ) .  
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Of the great rivers of the world, the Brahmaputra furnishes the only instance of - 
drainage flowing in a diametrically opposite direction to what i t  formerly did, though 
still occupying the same bed. 

The principal Tibetan tributaries of the Brahmaputra, that may be observed to. 
flow against the present river, are :- 

(i) The Kyi, or Lhasa river. 
(ii) The Nyang, joining the Brahmaputra a t  Shigat,ze. 
(iii) The Rang. 
(iv) The Shang. 

Many smaller feeders adopt contrary courses also. 
The most recent maps show that shortly before their junctions with the Brahma- 

putra, these tributaries are beginning to bend in their courses, and to  turn towards the 
present direction of the Brahmaputra's flow, and in their future development they 
will doubtless adapt themselves to the altered conditions. 

The Nyang tributary rises near two lakes north of Chumalhari, forces its - - 

The Nyang tributary. 
way through the Ladak range, and falls into the 
Brahmaputra near Shigatze.* It is the only Tibetan 

tributary of the Brahmaputra that drains the great Himalayan range, and the 
only river east of Manasarowar that pierces the Ladak range. The peculiar bay, which 
is to be noticed in the water-parting on chart xxxv between Kinchinjunga and Chum- 
alhari, is due to the passage of the Ladak range by the Nyang river. The Arun, the 
Kali Gandak, the Birehi and others rise in the Ladak range and pierce the great Him- 
alaya, the Nyang rises in the great Himalaya and pierces the Ladak. 

The Kyi or Lhasa river rises in the Ninchinthangla range, and forces a passage 
The Kpi and Raga tributaries. through the Kailas range. 

The frontispiece chart shows how the Kailas range bifurcates in Tibet : it is this 
bifurcation that gives rise to the Raga river. 

The great lake of Yamdrok is situated a t  a distance of five miles from the Brahma- 
putra : i t  is confined between two ranges, the Ladak 

Yamdrok lake. 
range to the south and the branch of the Kailas to 

the n0rth.t The level of water in the lake is 14350feet, that of the bed of the 
Brahmaputra opposite to  i t  is 11700 feet, a fall of 2660 feet in five miles. I n  the 
range separating the lake from the river is a notch 16400 feet high,-about 1000 feet 
above the level of the lake. It is doubtful whether any connection exists between thia 
lake and the Brahmaputra ;I the water of the lake is believed to flow westwards by an 

The belief that the Brahmaputm was formerly an affluent of the Indus in Tibet rests only upon the great de th to 
which the Indus has cut down ita bed in Tibet. The bod of the Sutlej a t  ita exit from Tibet is-10000 feet high, $t of 
the Brahmaputre is 8000 feet, but that  of the Indus is only 4000. 

The suggeeted explanations of the former course of the Brahmaputra are the merest conjeoturea ; i t  will be noticed 
that they all depend upon the tacit assumption that existing streams cannot have acovmplished the work of erosion that hes 
been aroomplixh~1. We possess however no sufficient data upon which to build eatimatee of theeroding power of streams 
aoting through milliona of years, and seeing that Tibet once pomassed a moist climate, we are not warranted in sleu~ning 
that the vo111rn~ of watcr discharged by rivers hae never been larger than a t  p m u t .  

North-Euet Frontier Sheeta, 6 N. W., and 6 S. W., 1 inch = 4 milee. 

t North-FCt Frontier Sheets, 6 N. E.. and 6 S. E., 1 inch-4 milea 
: See Ryder's notes. Qe1:eral Report, S u w y  of India, 1903.1004, Appendix, p. rviii. 
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underground channel into the Rang tributary. For many years i t  has been an open 
question whether the lakes of Manasarowar ever overflow into the Sutlej, and the 
connection between Yamdrok and the Brahmaputra presents a similar problem. 

The Tibetan portion of the Brahmaputra was formerly known in geography as the 
Sangpo. For many years uncertainty prevailed as to 

The id*tity of the S P n g ~  and whether the Sangpo flowed into the Brahmaputra of Brahmaputra 

Assam, or into the Irrawaddy of Burma. The idea that 
the Irrawaddy was the debouchment of the Sangpo originated with D'Anville and the 
Chinese surveyors. Their view was maintained by Dalrymple, the author of the 
Oriental Repertory, and by Klaproth, but i t  was opposed by Rennell in 1793. 
In  1885 i t  was revived and ably argued by Robert Gordon, but was combated 
by General Walker, who was one of Rennell's successors as Surveyor General 
a t  Calcutta.* The problem was solved by the explorations of Pandit Kishen Singh, 
and it is now known for certain that the Sangpo of Tibet is the upper course of the 
Brahmaputra. 

The existence of the Sangpo river of Tibet first became known to western geo- 
graphers through D7Anville's maps, which were compiled 

A account Of the -loration from surveys made a t  the beginning of the eighteenth of the Brahmaputra in Tibet 
century by Chinese lamas. The river was actually 

crossed by Bogle on his way to Lhasa in the year 1774, and a few years later by 
Turner and Manning. 

It was about 1860 that Colonel Montgomerie first commenced to train natives of 
the Himalaya in the rougher branches of surveying and to work out his plan for the 
systematic exploration of Tibet and Central Asia. In  1866, Pandit Nain Singh, one 
of Montgomerie's explorers, penetrated through Nepal to Lhasa, crossing the Brah- 
maputra a t  Tradom : this was the first occasion on which an Indian surveyor had seen 
the Sangpo river of Tibet. Nain Singh returned from Lhasa to India wici the Manasar- 
owar lakes : he estimated that the average height of the road between Lhasa and Tradom 
was 13500 feet and between Tradom and Manasarowar 16000 feet.? 

He discovered that the great river flowed in a south-easterly direction for about 
170 miles, and thence adhered very closely to a due east course for a t  least 600 miles 
more : a t  600 miles from its source he measured its discharge, which he found to be 
35000 cubic feet a second in December. " The navigation a t  13600 feet above the sea," 
wrote Colonel Rlontgomerie, "rude though it may be, is an extraordinary feat : 
" navigation of any kind at  such an altitude being quite unknown in any part of either 
" the old world or of the new. If the Pandit had any doubt as to the great volume of 
" the river it was completely removed by a squall which suddenly swept across the broad 
" expanse of water ; the wind raising such large waves that the small fleet of boats 
"carrying the Pandit and his companions only escaped swamping by taking to the 

nearest shore. " 
-- -. 

Proceedtngd, Rwycrl U~og~crphtccrl Soctel!/, Vol. VII ,  1883. 
t Report of a route miney mode by Paiufrl ,Vain Rt11qh;by Captain T. G. Montgomerie, R.E. 
Tradom is in lon~itudc 84' 13' : Northern Frontier sheet 22 N. W. 
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In  1874, Pandit Nain Singh started from Leh in Western Tibet, and marched over- 
1200 miles of previously unknown country. He reached Chetang, a town on the, 
Brahmaputra, 60 miles east of Lhasa. At Chetang, the lowest point on the course 
of the Brahmaputra in Tibet that had up till then been visited by an explorer, 
the Pandit found the width of the river to be 600 yards ; the stream was very sluggish 
and the depth of the water nowhere more than 20 feet. On the left bank of the river 
was an expanse of sand, one and a half miles wide, which was said by the Tibetans to 
be under water during the river floods of the summer.* 

In 1876, an explorer named Lala traced the Brahmaputra from Shigatee to 
Chetang, but went no further eastwards than Nain Singh had done. 

In 1878 Lieutenant Harman, R.E., trained a Bhutia explorer, named Nem Singh,? 

Nan Singh. 
and sent him to Chetang with orders to survey the 
course of the river eastwards. Nem Singh was able 

to follow the Sangpo to a place called Gyala Sindong (chart xxx) which was 
200 miles from Chetang : 120 miles below Chetang the explorer found the river still 
very sluggish, but it was now only 250 paces broad and had become considerably deeper. 
To Gyala Sindong Nem Singh gave the height of 8000 feet.$ 

The largest tributary of the Brahmaputra in Assam is the Dihang ; and it had been 

The exploratim of the Dihang. 
generally recognised by geographers, even in the early 
part of the nineteenth century, that if the Sangpo of 

Tibet did flow into the Brahmaputra of Assam, it must come by the course of the 
Dihang-it must in fact be that tributary of the Brahmaputra, which was called in 
Assam the Dihang.5 

Gyala Sindong, situated on the Tibetan side of the Himalaya, was only 100 miles 
distant from a point which had been fixed on the Dihang dn the Assam side of the Him- 
alaya. Nem Singh was told by the Tibetans a t  Gyala Sindong that the Sangpo after 
flowing through the mountains entered a land ruled by the British.11 

In  1880, a Chinese Lama of Giardong was despatched by Captain Harman to 
explore the Sangpo below Gyala Sindong, and to follow the great river through the 
Himalaya to the plains of India. If he was unable to penetrate the mountains, he 
was directed to throw marked logs into the stream a t  the lowest point reached, and 
Captain Harman arranged that men should always be watching the Dihang river in 

Report on Tmna-Himalayan Explurntions, 1873-74-76, Oreat T r i g m e t r i e d  Sunty 01 India. 
f The G. M. N. of the Indian Survey. 

Report on Tram-Himdayan Explorafiona in 1878. . - 

8 aman found that the Dihnng h ~ d  a minimum discharge in ARsam of 65j00 cubir f w t  per wcond, or four t i m e  that 
of the subrulsiri tributary and tairo that of the Dibnnp (chart xxx). 

Discharge of 1 Cubic feet p r  ~eeond. i 
- - .- - - - 

Dihnng . . . /  
Lohit and Tenga . . 

1 Dibang and Sesiri . 
Subamiri . . ; I  
- - -. -- - -- - 

11 Q~nwal  Repwr. Surrny of India. 187.9-79. 
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Assam for the arrival of the logs. The identity of the great river of Tibet with the 
Brahmaputra would then be proved. 

Kinthup, a native of Sikkim, who had previously accompanied the explorer Nem 
Singh to  Gyala Sindong, and had been employed on explorations in Bhutan, was sent 
with the Chinese Lama as his assistant. Captain Harman's plans were upset by the 
treachery of the Lama, who sold Kinthup as a slave in the Pemakoi country 
and decamped to his home in China. Kinthup on regaining his freedom followed the 
Sangpo down from Gyala Sindong and reached a place called Onlet (chart xxx). 
Onlet is only a few miles from Miri Padam, the abode of the Miri and Padam tribes, 
who are known to inhabit the country near the place, where the Dihang breaks through 
the hills into Assam. Kinthup was informed a t  Onlet that Miri Padam was 36 
miles from the plains of India.* The Sangpo of Tibet was thus traced to Onlet, which 
is less than 50 miles from the place where the Dihang passes out of the Himalaya into 

6 6 Assam. I conceive," wrote Colonel Tanner, " that no further doubt should remain 
" even in the minds of the most sceptical as to the identity of the great river of 
" Tibet with the Dihang."t 

I n  1881, the explorer Kishen Singh, proceeding from the east, crossed tho water- 
parting between the Salween and the Brahmaputra, and entered the horse-shoe shaped 
basin of the Zayul, the easternmost feeder of the Brahmaputra (chart xxx). He 
travelled down the bed of the Zayul to Sama which is only 100 miles from Sadiya in 
British territory, but being prevented from entering Assam he had to retrace his steps.$ 

Near Pemakoi, ten miles below Gyala Sindong, the Sangpo has a vertical drop in 
its bed, and here occur the only considerable falls, which 

The falls of the Brahmaputra have been discovered on the'trunk stream of a Himalayan 
river. 

Kinthup described these falls of the Sangpo as follows :-" The Sangpo is two 
'f chains distant from the monastery, and about two miles off i t  falls over a cliff 
" called Sinji Chogyal from a height of about 150 feet. There is a big lake a t  the foot 
"of the falls, where rainbows are always observable."$ 

Geographers have predicted that great falls would be discovered on the Sangpo 
between Gyala Sindong and Assam, but there are no real grounds for such a belief. The 
average fall of the Sangpo below Gyala Sindong to Assam is no greater than that of 
numerous other Himalayan rivers, on none of which are great falls to  be found. Chart 
xxxvrr has been drawn to show that the further a river rises behind the great 
Himalaya, the less prospect is there of great falls being discovered on its course : rivers 
that rise on the south side of the great Himalaya experience the severest drop, whilst 
rivers, like the Brahmaputra, that rise in Tibet have an easier fall than the -h, the 
Kali Gandak, or the Alaknanda. 

Acuncn4 of I1racHimolnyan Ez&rationx, G d  Report, Survey of India, 188647. 
1 &nerd Report, Svrvey of India, 188fl-87. 
$ Mr. J .  B. N. Hrnntsay's Re@ on the Ezplorotione 01 A.K in 1879-82. 
8 K-P'a narralice, translated by Norpu. 
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In  1877 Captain Woodthorpe penetrated the mountain basin of the Subanhi :  
this tributary of the Brahmaputra was supposed a t  

The Subansiri one time to  be the continuation of the Sangpo of Tibet, 
but there is no evidence tending to connect the two, and as a river i t  is very inferior 
to the Dihang. 

" That the Subansiri," wrote Captain Woodthorpe, " rises behind the high snowy 
" peaks seen from Tezpur, I think very likely from its size and velocity, but its volume 
"is only one-fourth that of the Dihang. The Subansiri is a noble river in the hills, 
" and the gorges through which i t  emerges into the plains are singularly h e  : the banks 
" are formed of precipitous masses of rock enclosing deep pools, in which measurements 
" give a depth of 70 and 80 feet : the river is about 70 yards broad a t  Ganditula and 
"flows with great velocity."* 

A trunk stream is almost always joined by a large tributary a t  the point, where i t  

Comparisons with other rivers 
bends to pierce a range. The Gilgit river joins the 
Indus near the knee-bend of the latter above Bunji : the 

Maru Wardwan joins the Chenab near the knee-bend a t  Kishtwar : similarly the Spiti 
joins the Sutlej near its bend, and a large eastern affluent joins the Arun. But so far 
no great tributary has been found to join the Brahmaputra in Tibet a t  the point 
where i t  bends above Gyala Sindong. 

The Sutlej in issuing from Tibet pierces the border range of mountains within 
43 miles of Leo Pargial, the highest peak of its region ; the Indus when turning the great 
Himalayan range passes within 14 miles of Nanga Parbat, the highest point of the Pun- 
jab Himalaya; the Hunza river cuts through the Kailas range within 9 miles of Raka- 
poshi, the supreme point of the range. It will form an interesting problem for investi- 
gation whether the Brahmaputra of Tibet has cut its passage across the Assam 
Himalaya near a point of maximum elevation. 
- -- - - 

G e w a l  Report, Survey o/ India, 1877-78. 
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THE RIVERS OF THE PUNJAB HIM.4.LAYA. 

The Punjab Himalaya is the name given ta that portion of the great range which, 
liee between the Sutlej and the Indus. Its principal rivers are the Beas, the Ravi,. 
the Chenab, and the Jhelum. With these we have included the Sutlej as a Punjab 
river. but have reserved the Indus for a separate section of this paper, 

The Sutlej.* 

The mountain baain of the Sutlej (chart xxxr) liee mainly north of the Himalaya ; 
the area of the Himalaya proper drained by this river, 

Narrowness of its basin. 
between the great range and the plains of India, consists 

of an insigruficant tramverse strip, and it is an interesting problem to study how it 
can have come about that such a great river drains such a narrow zone in its Cia- 
Himalayan course. 

The Sutlej is bounded on the east by the water-parting of the Giri (Jumna) and 
on the west by that of the Beas : a t  corresponding poipts in the mountains the beds of 
the Giri and Beas are relatively lugher by 600 or 700 feet than that of the Sutlej, eo 
that the latter is running along a deeper trough than the rivers on either side of it. 
Increased depth of trough means steeper slopes, and steeper slopes give to the tributary 
streams greater erosive power. The mountains should therefore be more rapidly 
denuded by the feeders of the Sutlej than by those of the Giri or Beas, and the basin of 
the Sutlej in the outer Himalaya should now be slowly widening-the eastern water- 
p a w  re- towards the Giri, the western towards the Beas. The fact that the 
Sutlej has no Cis-Himalayan tributaries comparable to those of the Jumna or Beas 
tends to show that it is the youngest river of the three. Whether these speculations 
are correct or not, the question as to how the Giri and Beas have confined their 
giant neighbour to a trough less than 20 miles wide remains worthy of con- 
sideration. 

The Sutlej rises in the distant high-lands of Tibet, and possesses a very long course 

The sour= of the Sutlej. 
through the mountains. The Tram-Himalayan portions 
of its basin, however, receive but little rain, and table 

xxx shows its annual discharge to be small. 
Much of the rainfall in the higher Himalayan valleys is said to be due to moist 

winds ruehing up the mountain passages cut by the rivers. The rain-bearing winds 
of the monsoon blow from the Bay of Bengal across the Gangetic plains, and the valley 

Known as the 8utluda by natives of the hillr 
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of the Sutlej, lying as i t  does a t  right angles across their path, is not favourably placed 
for their reception. 

In  drawing chart x x x ~  to illustrate the catchment area of the Sutlej, we were 
in doubt whether to include the lake basin of Manasarowar ; we eventually decided 
to  do so, and will now briefly discuss the evidence available.* 

A great number of streams flow down from surrounding mountains into the* two 
Manasarowar lakes, and the water of the emtern lake (Manasarowar) overflows into 
the western (Rakas Tal) (chart x x x ~ ) .  

The connection between the two lakes was discovered by H e q -  and Richard 
Gtrachey in 1846, and has been confirmed by other reliable observers. " We came," 
wrote Henry Strachey, " to a large stream 100 feet wide and 3 feet deep, running rapidly 
" from east to west through a well-defined channel : this was the outlet of Manasaro- 
C 6  war. It leaves that lake from the northern quarter of its western shore, and winding 
"through the isthmus of low undulating ground, for four miles perhaps, falls into 
" Rakas Tal.' '7 

Fifty-eight years later the same channel was visited by Major Ryder, and he has 
given the following description: " We struck the channel a mile below the outlet, a 
"small stream only partly frozen over; this we followed up and found that it did not 
"flow from the lake but from a hot spring, a t  which we found and shot some mallard, 
"We then followed up the dry nullah to the lake and proved that Strachey was, as was 
"to be expected, quite correct. P o  water was flowing a t  this time of the year, but the 
" local Tibetans all agreed that for four months in each year there was a flow during the 
" rainy season and the melting of snows, i.e., about from June to September. As a rise of 
" about 2 feet in the level of the lake would cause water to flow down the channel, this 
" appears quite worthy of belief."$ 

The connection between the two lakes may be taken as established, but that between 
the western lake and the Sutlej basin is still open to question. The following is Henry 
Strachey's description : " There is no visible channel from the lake, and the only effluence 
" is by filtration through the porous soil of the intermediate ground, unless i t  be a t  times 
" of extreme flood, when the level of the lake may possibly rise high enough to over- 
" flow the margin. " § 

Richard Strachey wrote as follows: "A stream, the head of which we visited, 
" flows from Manasarowar into Rakas Tal, and the latter occasionally, when high, sends 
" off a feeder into the Sutlej."ll 

Captain Rawling refers to the question in hir, book The Great Plateau, which was 
published after his visit to the lakes in 1904. " It is evident, " he writes, " that no 
"water had flowed from Rakas Tal down the paasage for a considerable time, but there 

Northern Frontier Sheet 14 8. W., 1 inoh-4 mila 
t J o d ,  Aaiatu Sociely of Bmgal, VoL XVII, 1848 
$ R e p 1  on 8?vcgr operatbnd with the hcTact Fronlier Commirrion, 1901. 

) Journal, A d u  Socicly of Ben@, VoL XVII, Part u. 1848. 

11 Journal. R C?. 8.. VoL XXI. 1861. 
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-"was nothing here to prove that such might not be the case during the melting of the 
(6 snows in an exceptionally wet season.' ' 

The following further extract is taken from Major Ryder's report.* " We found 
" an old stream bed ilssuing from the Rakas Tal, but every Tibetan we ~ k e d  told the same 
"story, that no water ever flowed along i t  now, but in days gone by, one man saying 
" before the Sikh war, water did flow out of the lake and down this channel. We followed 
"it down for some six mires along the plain, and could fhd  none of the ordinary signs 
" of water flowing down it, until we reached some low hills ; here evidently from the lie 
"of the sand, water flowed a t  some time of the year and away from the lake." 

If the water of the Manasarowar lakes overflows occasionaUy into the Sutlej, they 
must be regarded as belonging to the basin of the latter. We define a basin as the whole 
tract of country drained by a river and its tributaries : by the word " drained " we do 
not imply any perpetual flow, but refer only to times of rain and flood. All the small 
tributaries of the Himalayan rivers are dry a t  certain times of the year, but a dry 
tributary remains a branch of the drainage. 

If the water from Rakas Tal flows into the Sutlej once a century, and then only 
for such a short period as to be observed by no one, we shall still be justified in including 
the lakes in the catchment area of the river. 

Henry Strachey was probably right in thinking that the water of the lakes filtered 

Subterranean drainage. 
through the porous soil : examples of such filtration are 
common in the alluvial valleys of the Himalaya. Rivera 

,disappear and subsequently re-appear a t  the surface. In  the underground obser- 
vatory of the Trigonometrical Survey a t  Dehra Dun water accumulates in the 
subterranean drains after heavy falls of rain in the neighbouring hills, even when no 
rain has fallen locally; the intervening river bed remains dry, and the water 
flows along an underground course. These underground systems of drainage seem to 
follow closely the beds of surface streams. The latter hold water only when the 
volume of flood is too large to sink into the ground, but when the surface is dry, there 
.is often a flow at a lower level. 

From Rakas Tal to Shipki, a t  the base of Leo Pargial, the Sutlej takes a north- 

The course of the Sutlej in Tibet. westerly direction through the Tibetan province 01 
Nari Khorsam.? The best known portion of Nari Khorsam 

is the plateau situated between the Zaskar and Ladak ranges. This plateau is 16000 
feet in height. It has been formed by successive deposits of boulders, gravel, clay 
and mud in the trough between the two ranges ; the deposits lie in parallel and nearly 
horizontal beds. Nari Khorsam furnishes in fact another example of the common 
=malayan type of rock valley filled up with recent alluvium.$ 

* R c p t  on 8urv~y opadioru 6th the Tibet Frontier Commiaawn, 1904. 
f Nari K h m m  is the Tibetan name: Hundeo is the name used by nntivecr of the Himalaya 
$  ME^ of Nari Khorsam, 1 inoh4 milea Atlas ah-t 66, 1 i n c h 4  mil- Northern b'rontier nheet, 9 N. &. 1 inch 
4 miles. 
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In  one part of Nari Khorsam the water-parting between the Sutlej and Karnali 
traverses the level plain of alluvium, and a man can walk from one river to the other 
without crossing a hill of any sort. 

In  its c o m e  through Nari Khorsam the Sutlej has gradually cut into the uncon- 
solidated deposits and has created an extraordinary canyon-a canyon that bears 
comparison even with the famous American canyon of Colorado. The Jhelum has 
created no canyon in Kashmir because the rainfall over the basin is sufficient there 
to lower gradually the whole alluvial area ; but Nari Khorsam is an arid region, and 
whilst the Sutlej has been able to excavate a channel 3000 feet deep through the 
plateau by means of water received from the glaciers of Kailas, no rain has fallen looally 
to erode its perpendicular cliffs. 

The Sutlej is joined by several tributaries in Nari Khorsam, the beds of which lie 
- 1000 feet or more below the surface of the plain : their overhanging cliffs like those 

of the Sutlej have been spared from destruction by rain, and flat portions of the plateau 
now remain standing between profound gorges. 

The water-parting between the Sutlej and the Indus in Nari Khorsam is the Ladak 
range with peaks of 19000 and 20000 feet. Twenty-five miles north-west of Manaaaro- 
war feeders of the Sutlej have cut back through the Ladak range into the trough 
behind ; the water-parting between the Sutlej and Indus is a t  this point as low as 
16200 feet, only 900 feet above the Indus near Gartok. 

The passage of the Sutlej through the Zaskar range is near Shipki and within 44 
miles of the summit of Leo Pargial, the highest peak on this part of the range : the 
proximity of the gorge to the peak is a striking phenomenon. The height of Leo Pargial 
is 22210 feet, that of the bed of the gorge 10000 feet, a difference of 12210 feet. 
Ten miles below Shipki the right bank of the Sutlej is a perpendicular wall of rock 
6000 or 7000 feet in height.* 

The principal tributary of the Sutlej is the Spiti river, which drains a large area 

The Spiti river. 
behind the great Himalayan range. Its bed lies deep 
below the alluvial terraces, and its water is consequently - 

rarely available for cultivation. The terraces are stratified deposits of gravel and sand, 
and rise to a height of 400 feet above the river : on the terraces rest immense 
accumulations of debris which have fallen from the surrounding mountains. The 
basin of Spiti like that of Kashmir is surrounded by mountains, and except for the 
channel of the river can only be entered by passes.t It consists of two parallel 
troughs separated by the Zaskar range both of which drain towards the south-east 
and away from the Indus. 

After its junction with t,he Spiti the Sutlej becomes a furious torrent dashing over 
a rocky bed, and forms one continuous rapid from its source i ; ~  the plains. There are, 
however, signs of the former existence of a series of lakes along its course : terraces 
composed of stratified deposits are to be seen in many places, and these are evidences 

Narmtivc of a journey from Cawnpore b the Boorendo paanas made in 1821, by Lloyd and Grrord, 1840. 
t -4th~ sheet KO. 65, 1 inch =-1 miles. 
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that the Sutlej once meandered slowly through Himalayan lakes, as the Jbehun does 
now through the Wular lake. Many of the feeders of the Sutlej in the bills shaw signs 
of having run a t  higher levels within recent times. 

The Sutlej crosses the great Himalaya a t  a point where the range bifurcates, and i t  

p, of dya me is difficult to trace a connection between the ranges on either 
Suuej. side of it. At Rampur it crosses the Dhauladhar range 
through a narrow gorge of solid rock. The passage of the Sutlej across the great Him- 
alaya and the Dhauladhar ranges is illustrated in figure 4 of chart x v ~  (see also chart 
X~III). Figures 1 and 2 of chart xrx show the Sutlej escaping through successive 
Siwalik ranges. It is interesting to observe on chart XIX how effectually these small 
ranges stopped and deflected the Sutlej below Bilaspur.* 

In its course over the plains the Sutlej is supposed to have flowed a t  one time 
through the Patiala and Bikanir states and to have joined the Indus in southern Sind : 
it now bends to the west on leaving the mountains, and joins the Beas. It is believed 
to have changed its old and straighter course to the sea for its present and less direct 
one about the end of the tenth century : t the advancing sands of the Rajputana desert 
have been supposed to be the cause of the change.$ 

The fall of the Sutlej from its source to the plains of India is very uniform, and 
averages on every section of its length about 30 or 36 feet per mile : the height of ite bed 
is 15000 feet near Rakas Tal, 10000 feet near Shipki, 3000 feet a t  Rampur, 1000 
feet at  Bilaspur. 

The Beaa. 
The Beas or Beyah (Sanskrit Vipasa, the Hyphasis of the Greeks) rises in the Pir 

Panjal range at the Rohtang pass near the source of the Ravi (chart xxxn) : its several 
affluents combine to pierce the Dhauladhar range a t  L a j i  8 (chart XVIII). In the 76 miles 
from its source to La j i ,  its fall averages 126 feet a mile,ll but after L a j i  the gradient rapid- 
ly decreases, and in the valleys of the outer Himalaya is hardly more than 10 feet a mile. 

The upper basin of the Beas encloses the district of Kulu, which for beauty of 
scenery is the rival of Kashmir. 

Six miles from its source the Beas enters the gorge of Koti. '' Here the river 
" plunges into a vast chasm, enclosed on either side by a precipitous barrier of rock and 20 
" feet apart and often almost touching. For some 300 yards the Beas races through 
"this almost subterranean passage, when i t  again bounds into the sunlight, its exit on 
"the further side being most strikingly beautiful. "7 

South of La j i  the Beas passes through another precipitous defile intersecting the 
Dhauladhar range ; below the defile its valley widens out. 

Sir Alexander Cunningham estimated the minimum discharge of the Berre a t  
not lesa than 3000 cubic feet per second. 
- - -  - 

A t l a  sheet No. 47, 1 inoh =; 4 m i l a  
f A M a n d  of the Qedogy o! Indk, page 4M). 

Annual &@ of the Board of Scientifi Advice for Indiu ,  lR05-I)B. 
Atlaa sheet No. 47. 

(1 Alexander Cunningham's Ladak, m e  124. 
1 &&ions /ram Ihe r& of the Uovernmenf of Ihe Punjab, No. 10, H i w a n  dielricb, by (leptain Harcourt. 
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The Ravi. 

The Ravi (Sanskrit Iravati, the Hyaraotes of the Greeks), illustrated in chart XXXII, is 
the smallest of the five rivers of the Punjab : i t  has its sources in a remarkable mountain 
knot formed by a conjunction of lesser Himalayan ranges (chart XVIII). The Nag Tibba 
range appears here to have been forced from the south-west against the Dhauladhar range, 
and the latter has combined with the Pir Panjal range toform the rock-basin of 
Bangahal.* The Ravi rises in the basin of Bangahal, and drains the southern slopes of 
the Pir Panjal and the northern slopes of the Dhauladhar. The basin of Bangahal is 
sixty miles in circumference. Numerous tributaries of the Ravi flow down its inner 
walls, many of them with steep gradients ; the Bhadal rises on the north a t  16000 feet, 
and falls 314 feet a mile for 36 miles ; the Nai, which rises in the mountain known as 
Kali Devi, has a length of 30 miles, and an average fall of 366 feet a mile.? 

The height of the bed of the Ravi a t  the lowest point (Wulas) of the Bangahat 
basin is about 6000 feet. Gathering together all the water that runs off the inner walls 
of this extraordinary rock cauldron, the Ravi flows out to the west.$ 

The gorge, by which i t  escapes from Bangahal, may without exaggeration be 
described as inaccessible : it appears to have been scooped out of solid rock and its 
sides are perpendicular. 

After leaving Bangahal the Ravi flows through the valley and state of Chamba in 
a north-westerly direction parallel t80 the Dhauladhar range (chart XVIII). West of 
the Chamba capital i t  makes a sudden bend a t  right angles and cuts its way through the 
Dhauladhar to the south-west. The defile that i t  has carved through the range is a 
few miles north-west of the station of Dalhousie. 

The Ravi leaves the Himalaya a t  Basaoli : the length of its course in the 
mountains is 130 miles, and its total drop 15000 feet ; its fall therefore averages 115 

feet a mile. 

The Chenab. 

The Chenab (Sanskrit Asikni, the Acesines of the Greeks) has two chief upper streams, 
the Chandra and thc Bhaga, and the river below their junction is called by their joint 
name the Chandra Bhaga (chart XXXIII). 

The Chandra and the Bhaga rise on opposite sides of the Baralacha pass (16047 

feet), the Chandra on the south-east, the Bhaga on the north-west.§ They unite a t  a 
place called Tandi, 7500 feet above sea-level. The course of the Bhaga above Tandi is 
direct and only 60 miles in length : that of the Chandra is in the form of a loop, and is 
115 miles long. The fall of the Bhaga is 150 feet a mile, twice that of the Chandra.11 

The flanks of l t e  ranges are in contact, not the axe& 
t Sir Alexander C'unningham's Lcrdak. 
3 Map of Jirmgra, eheet 2 ( 1  inch -- 2 milea) ; Atlea aheet 46. 
5 -1tt188 sheet 46, 
11 General R Mmlagan, RE., on The rivers of rhc Punjab. Y d . ,  K O. 8.. VoL V1I. 1885. 
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" A mile hom its source the Bhaga enters the Suraj-dul, a lake about a mile and a 
" half in circumference, 16000 feet above sea-level, and escaping through this flows for 
"ten or eleven miles to below Zingzingbar, a barren encamping ground."* 

" Leaping from a bed of snow on the south-eastern slopes of the Baralacha, the 
" Chandra is from its commencement a stream of some size. It passes through a totally 
" barren land, where there are no signs of life, the solemn mountains clad in eternal snow 
" lying on its either flank. No villages adorn its banks, no attempts a t  cultivation, no 
" signs of human life are to be met with, and nothing greets the eye but the never-ending 
"and monotonous cliffs, which are lapped by the fierce stream, as i t  rushes in wild fury 
" against its banks. Now widening out the Chandra passes the remains of the Shigri 
"glacier, which some 80 years ago spread across the river and dammed it up, causing 
" what is known as the cataclysm of the Chandra."? 

After their junction a t  Tandi the Chandra and the Bhaga flow as a joint stream in a 
north-westerly direction for over 100 miles : throughout this length the valley of the 
river is the structural trough formed by the great Himalayan and the Pir Panjal ranges 
(wide figure 4 of chart XVI and chart XVIII). Instead of continuing on the same 
alignment through the valley of Kashmir, the Chenlib makes a great bend at Kishtwar, 
and escapes through the Pir Panjal by a gorge, which i t  has carved for itself. In  the 
long trough from Tandi to Kishtwar the fall of the river averages 34 feet a mile. 

The following description of Kishtwar is taken from Mr. Frederic Drew's well 
known work, The Jummoo and Kashmir territmies :$ 

" The mountains around are rocky below and have wooded slopes above. The wood 
"is oak on the eastern hills and deodar and fir on the opposite ridge. The 
'imountain on the south-west of the plain (of Kishtwar) is a remarkable one ; it 
" is separated from us, as we stand a t  the western edge of our plateau, by the river vallev 
" (Chenab) which has been cut down to some 1300 feet below us ; a8 we look acroes, a .great 
" cliff of some 3000 feet in height faces us, from the summit of which the ground slopes 
"back to the wooded ridge. The most conspicuous and beaut.ifu1 feature is made by the 
" drainage from the upper part coming over the cliff in a waterfall of great height. Of this 
"fall it is impossible to obtain a near and a t  the same time general view, but by going 
" some way down the slope, we get a fair sight of it, though a t  the distance of a mile or 
6 6  more. The water comes down not in one but many jumps ; the aggregate height of the 
"falls within view is about 2500 feet, and above these are a few hundred feet more, 
"which can be seen from other points. The first two falls are each of about 600 feet ; 
"these are conspicuous from the town ; below them are two or three small one; making 
" up six or seven hundred feet more ; then there are irregular drops and cascades, partly 
" hidden by vegetation and by the irregularities of channel, these extending for some 
" eight hundred feet to the river ; thus the two and a half thousand feet are made up. " 

Hirndapr diatricb, by Captain A. F. P. Hnrcourt, vide 8ekdkru from the record8 of lhe Gbuwnment of the Punjab, 
No. 10. 

t On the HimaZuyan Vdkya,  Kulu, M o d ,  and Spdi, by Captain A. F. P. Harrourt. Journol, B U. 8.. Vol. XLI. 1871. 
Published 1875. 

2 c 
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At Kishtwar the Chenab is joined by the Maru Wardwan river, that has its sources 
in the glaciers of the Nun Kun peaks. 

The Chenab passes the diminishing range of Dhauladhar near Amas, and leaves the 
mountains a t  Akhnur. Akhnur is 180 miles below Kishtwar, and the average fall of 
the river between the two places is 26 feet a mile. 

Above Akhnm " the banks of the Chenab, " Mr. Drew writes, " are in places low or 
"may be cliffs of no more than 100 to 200 feet in height ; this is where the river cuts across 
"oneof the flat longitudinal valleys. In other parts opposite the ridges, the river is 
"bounded by high irregular rocks, which is the range seen in section."* 

From the Baralacha pass to Akhnur the length of the Chenab is 400 miles and the 
total fall is 16600 feet, or 39 feet a mile. 

It is worthy of notice that the general course of the Chenab resembles on a smaller 
scale that of the Sutlej, and that the course of the Ravi resembles on a still umaller scale 
that of the Chenab. The basins of these three rivers, unlike the symmetrical basins of 
Nepal, lie obliquely across the mountain ranges. 

The Jhelum.7 

The Jhelum (the Hydaspes of the Greeks), illustrated in chart XXXIII, rises near 
Virnag at  the south-east end of the valley of Kashmir, 

The valley of Kashmir. 
and flows in a north-westerly direction across a wide 

alluvial plain, until it enters the Wular lake. Its most distant source is in the lake 
of Shesha Nag at  the head of the Lidar tributary. At its exit from the Wular lake 
it aasurnes a south-westerly direction as far aa Baramula, where it escapes from 
Kashmir through a gorge in the Pir Panjal range. $ 

The upper basin of the Jhelum forms part of the trough between the great Hima- 
laya and the Pir Panjal ranges, and is known as the valley of Kashmir. This famous 
valley is of oval ahape, its long diameter lying parallel to the general direction of 
the ranges. From crest to crest the transverse ridges on the south-east and north- 
west of the basin are about 120 miles apart, and from the crest of the Pir Panjal range 
to that of the great Himalaya the distance is 76 miles: the flat alluvial bottom of the 
basin measures 90 miles from south-east to north-west, and 26 miles from south-west 
to north-east. On the north-east side peaks of the great Himalaya rise above 17000 
feet : on the south-west the loftiest peaks of the Pir Panjal exceed 16000 feet. Those 
of the two transverse ridges attain to 13000 feet. The height of the alluvium of 
the valley varies from 6200 to 6000 feet. 

Through the alluvial flats of Kashmir the course of the Jhelum is navigable and 
is the chief artery of traffic : the fall averages a little over 3 feet a mile, and the usual 
rate of the current is about a mile and ,a half an hour. At Baramula where its course 

Jam- a 3  Kaehrnir turiloric.8, by Frederio Drew, 1875. 
t The Sanakrit Vc&&, eometimes known in modern timca IU tbs Behat. 
3 Map of B d m i r ,  1 irrcb = 2 milea ; Atlas eheet 28, 1 inoh = 4 miles 
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through the open valley terminates, the river rushes through a narrow chasm in the 
rocks and entirely changes from a placid stream to a raging torrent.* 

The alluvial deposits filling up the basin of Kashmir were held by the earlier geolo- 
gists to have been formed from the waste of the surrounding mountains, and to 
have been laid down a t  the bottom of a great lake. It has been stated that these 
deposits once covered the whole valley to a height of 1000 feet above its present level, 
and that the greater portion has been carried away by the Jhelum to the plains of the 
Punjab. The Wular lake which now measures 10 miles in length and 6 in breadth, was 
regarded by Montgomerie as a last relic of the great expanse of water which once 
covered all Kashmir. But this idea of a great prehistoric lake hhs been abandoned 
by Mr. R. D. Oldham. Mr. Oldham studied the Karewas and the present lakes of the 
Kashmir valley in 1903, and came to the conclusions that the Karewua are of fluviatile 
and not of lacustrine origin, and that there was never at  any time a materially larger 
lake than at  the present day.? 

" The country of Kashmir," writes Mr. Frederic Drew,$ " has justly a reputation 
" for something distinctive, if not unique, in its character. Its position and form together 
" are such, that there is no parallel to i t  in the whole of the Himalaya. It is a 
" plain embedded among the mountains, a wide vale enclosed by mountain ranges, lying 
" at such a height above the sea as on the one hand to be of a climate entirely different 
'i from that of India, being saved from the heat that parches its plains, and on the other 
" hand to be free from the severity of cold that visits the more lofty plateaux or wide 
" valleys.' ' 

When Mr. Drew described Kashmir as unique, he had in mind the excellence of 
its climate : from a geographical or a geological point of view the Kashmir valley is 
typical of the Himalaya, the Nepal valley, the plains of Dingri, and the plateaux of 
Tibet being other examples, though a t  different stages of development. 

The Jhelum enters the Pir Panjal range near Baramula (6040 feet) in a direction 
approximately perpendicular to the strike of the moun- 

Passage across the Pir Panjal. tains and continues on a straight course for 20 miles to 
Uri. 

The defile below Baramula, called by the Kashmiris Basmagul, is 7000 feet in 
depth, and has almost perpendicular sides In places it is but 70 feet across, and its 
bottom is wholly occupied by the river.$ 

At  Uri the river changes its course and follows the direction of the range to 
Muzaffarabad (2470 feet). Prom Baramula to Muzaffarabad the distance is 80 miles 
and the fall 2600 feet or 33 feet a mile. 

At Muzaffarabad the Jhelum joins the Kishanganga and bending to the south 
follows the course of its affluent. The strike of the rocks changes a t  the very point 

&e aynoptical volume VII, Great Trigonometrlcd Burvey of India. 
t w, acdogiml Survey of India, Vol. XXXII, p. 152. 

$ The Junvnao and Kwbmir Imilorics, 1875. 
On the T+mm&id Sutwy and $yaical mlfgciration of UK culley of Kaehmw, by W. & Pordon. J o u d ,  R. 0. g., 

Vol. XXXI, 1861. 



170 THE RIVERS OF THE HIMALAYA Ah?) TIBET. 

where the Jhelum alters its direction and may be the cause of the latter's bend.* Elom 
Muzaffarabad to the plains the fall of the Jhelum is 21 feet a mile. 

The Kiuhanganga rises in the mountains west of Dras and south of the Deosai 

The Kishanganga. plateau. It flows through the districts of Tilail, Gurais 
and Shardi, and skirts thk northern rim of the Kashmir 

basin. After following the strike of the ranges it makes a knee-bend at  Shardi, similar 
and parallel to the knee-bends of the Indus a t  Bunji, of the Jhelum a t  Wular, of the 
Chenab a t  Khhtwar and of the Ravi in Chamba. 

Colonel Montgomerie, who superintended the survey of Kashmir from 1864 to 
1863, described the valley of the Kishanganga as being throughout very precipitous, 
and for the greater part little better than a chasm in the mountains. Its basin is 
peculiarly narrow and elongated, being in places only 17 miles wide from water-parting 
to water-parting. 

The Kunhar tributary of the Jhelum flows between the Kishanganga and Indus 
rivers and through the district of Khagan ; i t  joins the parent stream a few miles 
below the great bend a t  Muzaffarabad. 

The Zoji pass over the Great Himalayan range forms a notch in the rim of the 

The Zoji pass. 
Jhelum's basin : this pass is 600 yards broad and 2 
miles long, and its surface is so flat that a pedestrian 

cannot tell where the actual water-parting is. The ascent from Kashmir to the top 
of the Zoji is steep, the descent on the northern side is gentle. The height of the pass 
is 11300 feet ; on each of its flanks the crest of the range rises to 13000 feet, and then 
by slow degrees to peaks of 19000 feet. The Zoji was probably cut by an extinct 
river or glacier during the growth of the Great Himalaya.7 

+ Memoirs, CfeobpicaZBurvey of India, Vol. XXII, 1583. The 6bbgy of the Koahmir and Chamba terriloriu, and the 
Britwh Dialtiel of Khagdn, by R. Lydekker. 

t Becorda, Qedogical Buwcy of India, Vol. XXXI, 1904. N d e  o n  the glaciation and hMlory of the Bind VaUey. 
gwhmir, k.7 R. D. Oldham. 
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THE INDUS. 

The Indus, or Sind (chart xxx~v) ,  rises in the trough between the Kailas and 
Ladak ranges, and for its first 180 miles flows in a north- 

Intersections of the Lad& range by 
'the ~ n d w .  westerly direction along the inner flank of the Ladak 

range. It then forsakes the trough, and bending a t  
right angles cuts through the Ladak range near Thangra. Having pierced the barrier 
it resumes its north-westerly direction, and this i t  maintains along the outer flank of 
the Ladak range for over 300 miles. Near Skardo (8900 feet) i t  cuts again through . 
the Ladak range, and having crossed back to its original trough, pursues the same 
north-westerly direction.* A hundred miles below Skardo i t  makes its third bend ; 
.and pierces the Ladak range a t  Bunji. Prom Bunji it rushes towards the peak of 
Nanga Parbat, but is deflected to the west near the foot of the mountain, and after a 
tortuoue passage across the Himalayan ranges it emerges on the plains of the Punjab a t  
Attock. t 

We have read in preceding pages of this paper of many instances of rivers piercing 
mountain ranges, but the Indus furnishes a unique example of a river, that passea 
backwards and forwards across the same range three times. 

From the source of the Indus to Pitak opposite Leh the distance is 400 miles, 

The gradient of the Indw. and the fall of the river 6000 feet or 16 feet a mile. The 
whole length of the mountain course of the Indus from 

it8 source to Attock is 1100 miles, and the whole fall is 16000 feet or 16 feet a mile. 
Over a considerable length of its course in Tibet the fall is hardly more than 3 feet a 
mile ; between Skardo and Bunji the fall averages 21 feet a mile. The equable and 
comparatively gentle fall of the Indus, as it crosses the Himalaya, is very remarkable : it 
is due to the low level to which i t  has cut its bed on the plateau of Tibet. When 
the Brahmaputra leaves Tibet the height of its bed is still above 8000 feet, but the 
height of the Indus a t  Bunji when i t  turns to quit the plateau is only 4600 feet. 

The fact that the Indus has cut down its bed in Tibet to a greater extent than 
the Brahmaputra has promoted the development of its Tibetan tributaries. 

"At Ohind," mote Sir A. Cunningham, 15 miles above Atfock, I found the 
" current of the Indus much more rapid than that of any other river of the Punjab. From 
" i t s  source to Ranak the Indus is a broad and fordable stream, rolling its sluggish waters 
"through open grassy plains. Its general width is about 260 feet. E'rom Hanak to 
"the junction of the Zaskar river the stream is a brawling rapid from 100 to 160 feet 
" broad, and thence to the confluence of the Shyok it is a furious torrent raving from 
" side to side of a narrow ravine."$ 

* The gorge near Shrdo  where the Indua breaks acrclls the Ladak range is said to run between precipices 14000 feet 
aheer : see article Zndion, Zmperiol Qazefkr, first edition. 

t Map of Turlristan, 1 inch=16 miles. Punjab map, sheeta 5 and 6 ( 1 inch = 8 miles), atlse eheeta 278 5. E., and 44.46, 
46 and 64. 

4 Ladak and mrrounding countries, page 89. 
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General Maclagan estimated the fall of the Indus as follows : " Twenty-four feet 
" per mile from the source to Skardo, 600 miles. Seventeen feet per mile from Skardo to 
" Attock, 440 miles. Fifty inches per mile from Attock to Kalabagh, 110 miles. Twelve 
" inches per mile from Kalabagh to Mithan Rot, 370 miles. Six inches per mile from 
" Mithan Kot to the sea, 470 miles."* 

It is so seldom that a truly vertical drop has been discovered on the course of a 
main Himalayan river, that a fall of the Indus is perhaps worthy of mention. It was 
observed by Sir Martin Conway north of Kashmir. " The Indus itself," he wrote, 
" plunges in a single white wave over a drop of about twenty feet, and then races down 
" a rapid."? 

The little that is known of the course of the Indus between Bunji and Attock 

Exploration of the Indur 
has been derived from the observations of an explorer 
in 1876. This man, described in the reports of the 

Indian Survey as the Mullah, made a rough survey of the course of the river for a 
length of 226 miles above Attock. 

In the 220 miles that intervene between Bunji and Attock, the river descends 
from a height of 4600 feet to one of 1200 feet. Its way winds tortuously through great 
mountain ranges and its valley is in many places but a narrow deep-cut gorge : as 
a rule there is more open space and culturable land in the lateral valleys nestling 
between the spurs than on the trunk stream.$ 

" The Indus valley," wrote Sir Martin Conway, " in the Bunji reach, is to be pictured 
" as broad and flat-bottomed. Its western side is a mighty 

On the former and present level of 
the M of the ~ndus. " wall of rock. On the east it is bordered by steep slopes. 

" The slopes and the wall must meet not less than 600 
"feet, and probably as much as 2000 feet below the level of the surface of the debris 
"accumulations, which fll the valley. By what processes were these vast debris 
" accumulations brought together ? "5  

" By far the deepest of all the river valleys," wrote Mr. Lydekker, " is that of 
" the Indus below Bunji in Gilgit. Between that place and the Dare1 district, which 
" has hitherto only been traversed by native' explorers, the writer is informed by Lieu- 
" tenant-Colonel H. C. B. Tanner of the Survey of I n h a  that the river flows in a narrow 
"gorge, bordered by vast precipices ranging up to 20000 feet in height, a t  a level of a 
" little over 3000 feet ; thus making the river gorge nearly 17000 feet in depth. That 
" a great part of this tremendous gorge has been cut by the river itself is proved by the 
"occurrence of river gravels and honey-combed rock surfaces many hundreds of feet 
" above the present river-level."[! 

Pmceedinga, Royd Ucographied dociely, VoL VII, 1886. 
t LTimbing and ezpkmtion in the Kamkoram Himalayae, psge 589. 
$ k e d  Bepat, 8wwy 01 I d a ,  1876-77. 

Climbing and aplomtion in  ihe K a d o m m  H i n d u p .  
11 M m ' r r ,  B:o!ogid Surrey of India. Vol XXII, 1883. 
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Many observers have noticed that the Indus once flowed at  a level considerably 
higher than its present bed. The following extract is from a report by Adolphe 
de Schlagintweit written in 1856 :- 

" In the valley of the Indus near Skardo, in the valley of Astor near the place 
" where the Indus enters the Himalaya, I on several occasions observed gravel and 
"sand beds evidently deposited by these rivers, and ancient marks produced by the 
"large streams on the rocks, at  elevations of 3000 and 4000 feet above the present 
" level of the rivers. We have many proofs independent of each other to show the great 
" depth, to which all the valleys of the rivers, tributary to the Sutlej and Indus, have 
" been excavated." 

" The decrease of glaciers as observed by us must be due to some general change 
"in the climate of the surrounding country, and I think that we have numerous obser- 
" vations to show that this change of climate is due in a great measure to the great 
" excavation of the Tibetan and Himalayan valleys by the action of the rivers." 

"Many of the valleys of western Tibet exhibit ancient water marks at  3000 and 
" 4000 feet above the present bed of the river. The aides of these rocky valleys, thus 
" gradually excavated, are now heated under the influence of the sun to a much greater 
" extent than was the case formerly ; the warm air, thus produced, ascends the valleys, 
" and tends to melt the ice of the glaciers near the origin of the valleys, to a greater 
"extent, than was the case before the excavation of the valleys had taken place."* 

Referring to the same subject Colonel Godwin-Austen wrote: "The height of 
" the upper lacustrine deposit at  Kuardo is quite 4000 feet above the present river, and 
"this deposit also rests on the rock of Skardo in the town. Once this Skardo basin 
'' contained a vast lake with swampy grassy margins, long subsequent to the time when 
" the higher deposits were settling down in the first deep lake."t 

Sir Alexander Cunningham wrote : " The bed of the Indus, like that of all the 
" other rivers, has once been crowded with a series of lakes."$ 

We have so far been treating of the Indus itself, and we have now to refer to its 

The principal tributaries of the Himalayan tributaries ; of these the following are the 
Indue. most important :- 

(i) the Singhgi, (ii) the Zaskar, (iii) the Dras, (ivj the Shyok, (vj the Shigar, 
(vi) the Gilgit and (vii) the Kabul. 

The areas of the catchment basins drained by the seven trihutaries mag be 
approximately estimated as follows :- 

Kabul river 35000 square miles. 
Shyok ,, 13000 9 9 

Gilgit ,, 10000 9 )  

Zaskar ,, 10000 1: 

sing-hgie ,, 7000 3 Y 

Drm ,, 6000 .. 
Shigar ,, 5000 , 9 

Journol, AsicJic Sociely of Bcngal, Vol. XXVI, 1867. 
t Jownol, Royal Geographical 8ocicly, Vol. XXXIV, l ea .  
2 Ladak and uumnding anmkies. 



174 THE RIVERS OF THE HIbfALAYA AND TIBET. 

It will be noticed that four of the tributaries have larger mountain basins than 
the Ganges, and that the Kabul river has a larger basin than seventeen out of the 
nineteen rivers of table xxx. 

Colonel Montgomerie compared the tributaries of the Indus with those of the 
Brahmaputra as follows : * " Judging from my knowledge of these rivers I should 
"say they were not equal to the six tributaries of the Brahmaputra above Lhaaa 
"as described by the Pandit. But supposing that they are equal and that the sizes 
" of rivers are somewhat in proportion to their lengths of course, i.e., that they 
" would drain -:the same area, I conclude that the Brahmaputra below the junction 
"of the Lhasa river is at least equal to the Indus a t  Attock. The latter probably 
"drains a country which receives very much less moisture than the Lhasa 
" territory. " . 

One of the native explorers expressed astonishment to Montgomerie, that the 
Brahmaputra in Tibet became no broader, after it had received its largest tributaries. 
Montgomerie referring to this peculiarity wrote that it is " quite in accordance with 
" what is known of the upper course of the river Indus. The Indus receives the Zaakar, 
" a river nearly as large as itself, below Leh, and yet the increase in the breadth of the 
" main stream is hardly perceptible to an ordinary observer. The same thing happem 
" at  its junction with the Dras river, and again it is still more remarkable a t  the point 
"where the Shyok river joins the Indus, both great streams with but little difference 
" in volume, yet the combined stream appeared to me almost narrower than either of 
"them separately : the increased volume of water having simply made the stream 
" deeper." 

The Singhgi is the name given to the eastern branch of the Indus, which drains 

The Singhgi. 
the slopes of Aling Kangri peak. The existence of 
this eastern branch was doubted at  one time by geo- 

graphers, but it was indicated by Henry Strachey from native information on his map 
of Ladak in 1863. In 1867 a route survey bv the Pandit Nain Singh proved that 
the eastern branch was in truth the main stream of the Indus. The Pandit named 
this river the Singhgi Chu or Singhgi Kamba.? 

The branch of the Indus, known as the Garjung or Gartang, and which flows by 
Gartok, and which is generally accepted as the source of the great river, is smaller 
than the 8inghgi.S 

The Zaskar rises between the Indus and the great Himalaya. range; a t  its com- 

The Zarkar. 
mencement it flows towards the range, as though it 
were going to pierce it, but it sweeps round through 

two right angles, and turning away from the great Himalaya, it pierces the Zaskar 
range, in which it had its source, and joins the Indus below Leh. 

Prom its source to Padam the distance is 140 miles, and the fall 4000 feet, or 28 
feet per mile. At Padam (12000 feet) the Zaskar makes its second bend, and adopts. 

III his mfarenoe to eiz tributaries Montgomerie was omitting the Binghgi. 
t Report of the Tronu-Himdayan Ezpimiiona during 1867, by CIptain Montgomerie. 
f Northern Frontier sheet, 14 N.W., 1 inch = 4 rn;les 
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its final direction towards the Indus : from Padam to the Indus the length of the river 
is 90 milea, and the fall 2000 feet or22 feet per mile. According to Henry Strachey 
the main uupply of water in the upper part of the Ladak Indus is derived from the 
Zaskar river : this river has its sources in Himalayan glaciers, whilst the other affluents, 
though longer, rise in drier climates. 

The Dras river drains the plains of Deosai by means of its two tributaries, the 

The Dras. 
Shingo and southern Shigar :* i t  also drains the mountain 
slopes north of the Zoji pass. Its great tributary is 

the Suru, which like the Zaskar starts on a course towards the great Himalaya, but 
eventually bends completely round and flows away from the range. 

The Suru makes an extraordinary loop a t  the base of the Nun Kun peaks.? Dr. 
Neve writes that the Suru river, having cut a deep and narrow gorge a t  the bend, 
has become roofed in by boulders and d6bris for 300 yards. 

The Shyok rises behind the Karakoram range, and after piercing the range joins 
the Indus near Kiris : the great bay, which is to be seen 

The Shyok. 
in the water-parting line of the Indus in rear of the main 

range on chart xxxv, is drained by the river Shyok. The Trans-Karakoram baain 
of the Shyok contains the well-known plains of Dapsang. The passage of the Shyok 
across the Karakoram range is indicated in the longitudinal section of chart xx.$ 

From its sources near the Karakoram pass$ to its junction with the Indus, the 
length of the Shyok is 400 miles, and the total fall is 11000 feet or 27 feet a mile. 

" The general character of the Shyok," wrote Sir A. Cunningham, "is exactly 
" the reverse of that of the Indus. Its upper course is rushing and turbulent, down 
'6 a narrow glen, but its middle course is either broad or divided into numerous 
" channels in an open valley : and in these places where the waters are much scattered, 
" the river is generally fordable, although not without difficulty. Between Tertse and 
" Unmaru there are seven distinct branches, of which three are between 300 and 400 
('feet in width and the others much smaller, with an average depth of two feet." 

"At the Turtuk bridge the river narrows to 70 feet, and in the lower part of its 
'' course, the Shyok is generally a furious rapid confined between precipitous cli5."11 

At 10000 feet elevation the bed of the Shyok is four miles wide.7 
The principal tributary of the Shyok is the Nubra which has its source in a large 

glacier, the Saichar ; this glacier lies across the Karakoram range, and appears to have 
cut back to a point 35 miles behind the crest-line of the range. The Nubra rises and 
flows amid great mountains ; on the portion of the Karakoram range, which is situated 
between the Nubra and the Shyok, the principal peaks vary from 24000 to lipwards of 
25000 feet in height. 

- -- 

Not to be confueed with the northern Shigar river, which joins the Indus near Skardo. Map of Turkistnn and 
Punjab Map. 

t Ser and Mer of table vr. 
$ Atlas sheeta 44 and 45. 
8 This pasa ia not on the main Karakoram range, but on tho parallel ridge behind 
(1 Ladak and acnvunding counttien. 
7 Dr. Hunter Workman and A h  Bullock Workman: In the ice-uwra o! Himalaya. 



176 THE RIVERS OF THE HIM-4LAYA AND TIBET. 

The valley of the Niibra consists of a flat plain, a few milea broad, bounded on 
.each side by almost vertical cliffs which rise 4000 or 6000 feet above the river.* 

" From Tsati to Changlung," write Dr. Hunter Workman and Mrs. Bullock Work- 
man, " some forty miles, the Nubra valley is from two to three milea wide, and presents 
" some features not seen everywhere in Himalayan valleys. The valley bottom is 
" composed of alluvium, sand and stones, over which the river flows in a broad bed 
" with many channels and arms, which leave the main stream a t  various points, and 
" soon join i t  again enclosing in their course numerous islands. The river is fed by many 
" tributary streams."? 

The northern Shigar river drains the southern slopes of K2 and collects its waters 

The northern Shigar. 
from the Biafo, Baltoro and Chogo Lungma glaciers. 

The Gilgit river has two principal branches, the Gilgit and the Hunza : both 
branches have pierced the Karakoram range, and both 

The Gilgit. now drain considerable areas behind it.$ The Gilgit 
is the more western branch, and has its sources near the Darkot and Baroghil passes 
of the Hindu Kush. 

The following extract is from an account of the Gilgit valley by Sir Martin 
Conway :-" This accumulation of debris fills up the valley to a depth of probably 
6' from 600 to 1000 feet or more. The Gilgit river flows in a gorge like a canyon, not 
" so much cut through as built up by this accumulation." 

" Mud avalanches appear to be annually discharged by all the gullies, which 
" reach up to the snow region, and traverse the barren levels beneath. Rapid =rial 
" denudation, the extraordinary activity of which has been observed by all travellers 
" in the desert belt of the world, annually provides the materials for these discharges."§ 

In  rear of the Kailas and Earakoram ranges the Hunza valley is broad and open, 
but it becomes a defile with precipitous sides as the river passes through the ranges. 
The Hunza river pierces the Kailas range within 9 miles of Rakaposhi, the highest 
point of the range. 

" The Hunza valley," we quote again from Sir Martin Conway, " in its present 
"condition shows the intermediate stage through which the Indus valley has passed. 
" The Hunza river flows down a gorge between alluvial cliffs. The ancient alluvial 
" cliffs of the Indus practically exist no more. It is only here and there a t  high altitudes 
" that a fragment of them remains." 

" The fact seems to have been that all the valleys of this region were a t  one t h e  in 
" the condition exemplified by the Pamirs, filled to a depth of from one to two thousand 
" feet with mud avalanche dCbris. In the present geological period this deposit has 
" been largely washed out again, but the depth of the existing valleys is not much below 
"that of the old ones in which the deposit was laid."l] 

- - - - - - -- - - - 

&& Trigaomclrkd Survey of India, SymqticaL dume VZI. 
f In ihc iice-loorld of Himalaya 
$ Northern Trans-frontier sheets, NOR I! and 3. 1 inch 3 8 milea: aJm 3 N. E., 3 N. W., 1 inch rp 4 &a. 
0 Qeogmphicol Journal, Vol. 11, 1893. 
]I Climbing and Ezphation in ihe Karakwam Himalayas. 
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TheKabul river takes its name from the Afghan capital town, near which one 

of its branches flows. Thirty-five miles east of Kabul 
The Kabul. it receives the Panjshir affluent, draining a great length 

of trough between the north and south Hindu Kush ranges.* Subsequently the Kabul 
receives from the north-east the rivers of Kafiristan, of Chitral and of Swat, which 
flow parallel to the Indus (chart XXXIV). The most important of its tributaries is 
the Kunar, which has been graphically described in Sir Thomas Holdich's Indian Border- 
land : this river, known higher up as the Mastuj, rises in the same Hindu Kush trough 
as the Panjshir and pierces the Southern Hindu Kush range in Chitral. 

The Indus, like the other rivers of the Punjab Himalaya, is subject to sudden 
and extraordinary floods : these are due not to excessive 

Flood& rainfall but to the damming of the river by huge land- 
slips.? 

In  December 1840, a side of the hill known as the Hatu Pir fell into the defile of 
the Indus a t  the base of Nanga Parbat, and formed a dam 1000 feet high. An immense 
lake was created behind the dam, the water in which became a t  one place 900 feet 
deep; a t  Bunji the water rose to the level of the fort, 300 feet above the bed of the 
river; the lake became nearly 40 miles long and reached almost to Gilgit town. For 
six months the waters were held back by the debris of the fallen mountain, till they 
rose to the level of the top of the dam. The dam then burst, and the lake emptied 
in one day, the immense volume of water rushing down to Att0ck.S 
~p - -  . -~ - 

+ North-West Tram-frontier sheet 27, 1 inch = 8 miles : Northern Trans-frontier heeta 2 and 3. 
t Thaa land& oamr more frequently in the bare mountaim of the -jab than in the more wooded parta of the Him- 

.la a, but all Hima!& rivera are liable at timea to be dammed by slip. In 1893 a tributary of the Gan- waa dammed 
at &hum by the W] acnma its mume of a mountain side. 

8 T h i  account is given on the authority of Colonel hfontqomerie. Mr. Fra~er in hi8 Marched of tiindualan attributes 
the cataclysm of the Indue in 1841 to the damming of the river by a glacier. . . 
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THE HIMALAYAN RIVERS : SUMMARY. 

On the direction of river-$ow in the stmcturd trough8 of the Himdaya. 

Rivers flowing in troughs of the Punjab Himalaya pursue as a rule north- 
westerly courses ; the Sutlej, the Beas, the Ravi, the Chenab, the Jhelum, the Kishan- 
ganga, the Zaskar and the Indus all follow similar directions in the mountains. In 
the Nepal and Assam Himalaya opposite conditions obtain. The Kali, the Karnali, 
the Arun, the Sun Kosi, the Narayani, the Lopra, the Onchu and the Brahmaputra 
all assume easterly courses in the mountains. 

In the Punjab Himalaya the only important exception to the rule is the Spiti: 
in the Nepal Himalaya there is the exception of the Birehi, the principal tributary of 
the Karnali. 

In the Himalaya of Kumaun, which intervene between the Punjab and Nepal, 
the direction of flow is l e s ~  regular : in the trough behind the great Himalayan range, 
the Bhagirathi flows to the north-west, and in the trough behind the lesser Himalaya 
the Alaknanda does the same, but their courses in general do not altogether conform 
to the Punjab type of river. 

It may he that the rivers which flow to the north-west have had their directions 
determined by the bifurcating ranges of the great Himalaya : the Chenab, the Ravi, 
the Kishanganga and the Jhelum all rise in the acute angles formed between the great 
Himalaya and its offshoots. The Sutlej, however, has cut its course across both the 
great range and its branches, and has clearly not been deflected by the latter. The 
evidence furnished by the direction of river-flow perhaps warrants the inference that 
the heights of the Kumaun Himalaya and of the Manasarowar basin have been increased 
in recent times ;* and that the uplift of this central portion of the mountains has helped 
to determine the direction of flow in the troughs on either side. 

When once the Rimalayan rivers have reached the plains, those that belong to the 
system of the Indus flow directly away from the mountains, but those that feed the 
Ganges turn to the south-east and tend to flow parallel to the Himalaya. 

On the gradients of river beds. 

The gradient of the bed of a Himalayan river varies so widely a t  different points 
of its course, that i t  is doubtful whether the calculation of the average drop over the 
whole length affords information of any value. 

* The mlntive positions of the peaks of Nand& Devi, Gurla hlandhnta, Kenlet and Kailas convey the idea that thrusts 
from the directions of Nepal and the Punlob have in reftent times given an additional elevation to the aln~ady high 
nlountains of K ~ ~ m a u n  along a tnrnvverve zone. 
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When a river descends from a single mountain range, its gradient tends to decrease 
gradually from its source to its mouth ; * in its fist stage it is torrential, in its last sluggish. 
But when a river has to pierce several parallel ranges, as in the Himalaya, the case is 
different ; its etream becomes then confined, in the intervals between its drops, to com- 
paratively level structural troughs lying between two ranges. In  these troughs the 
velocity of the water is checked by the decrease of gradient, and the river, depositing 
its load of gravel and silt, forms for itself a flat and open bed. 

A river confined to a trough will flow for miles with a fall of 6 or 10 or 20 feet a 
mile ; i t  will then cut a gorge through one of its barrier ranges, and descend to the next 

.trough with a fall of 100 or 200 feet a mile. 
The floors of the several Himalayan troughs lie a t  different heights above sea- 

level : i t  is not possible to state exactly the height of any trough, because however level 
i t  might have been originally i t  has now been cut down and given a gradient by the 
river flowing through it. The heights shown in the following table must therefore be 
regarded as rough averages. 

TABLE =XI.-Heights of floors of troughs. 

Trough. 
I Average height 
; in feet of floor 
I above sea-level., 

I 

Brahmaputra 
, Between the Kailas and Ladak ranges . 

Manasarowar 

' Between the Ladak and Great Himalayan ranges . . Arun . . 1 13000 
-- 

Kashrnir . ' 6300 ! Between the Great and Lesser Himalayan ranges . I 3000 
I : 1 3000 

I 

I 

Ramganga . 1500 
1 Between the Lesser Himalayan and the Siwalik range . 

. i 2000 

i- -- - 
( Opposite Nepal . I 600 

Level of plains outside the Siwrtlik range . Opposite Kunlaun . , 850 i Opposite Punjab . 900 
I 

The Arun in its high level trough north of the great Himalayan range flowe for 
70 miles with a fall of 16 feet a mile, but when i t  forsakes its trough and pierces the 
great Rimalaya, i t  drops 10000 feet in 150 miles, or 67 feet per mile: 

The Arun is not stopped or deflected by the lesser Himalaya, but many rivers, 
of which the Sun Kosi is one, after rapid descents from the great Hima.layan glaciers, 
flow in the trough below for long distances and with greatly diminished gradients. 
- - - - -- - 

* This rule ia modified. when the rooks, over whioh the river p m ,  poeaea~ different powers of resistance to its wear. 
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The following table gives a few numerical estimates of Average gradients ; i t  is 
not possible as yet to draw any sections along actual river beds, as sufficient numbers 
of heights are not available. 

TABLE XXXII. 

North of W k  ranga 

-- -~ 

South of Ladak ren e, 
but north of t%e 
great Himalayan 
range. 

Height at I Length Average 
Ponition of source.* ) River. r' fall per 

&ma- m:u$&, , mile. 
layan axis. 

In  the great Hima- 
laya  

Vpriatiom of fall. 1 

In the lesser Himalaya. 

I I Miles. Foot. Feet. , I 
10 feet per mile near Gartok ; nowhere as 

much ae 25 feet per mile except for very 
hdus.  4000 1100 15 short di~tancea. 

- -  - -. -- -- - - - - - - - 

I In Tibet 34 feet per mile ; in the Himalaya 
Sutlej. 8 0 0 0 5 8 0  30 39 feet ; below Bilaapur 5 feet. ~ -- - -- -- - - - - - -. 

160 feet a mile a t  the passage of the great 
Himalaya ; from Srinagar to Hardwar 141 

Yatoanda. 80m 200 75 feet a mile. 
- - 

1 - This river seems to pursue a straight course 
across the mountains without deviating 

Kali. 9000 1 150 100 into longitudinal troughs. 

I 1 ~ - -. - - - - - 

This river appears to drop 13000 feet in ita 
first 30 milea-over 400 feet a mile. 

Bhotia Though this estimate may be wrong the! 
Koai. 5000 unknown unknown fall is certainly immense. 

- - I 
- 1  

200 feet a mile near its source ; 3 feet a mile 
for 120 miles in Kaahmir ; 36 feet a mile, 

&el-. doea not crow 28 I 
I . - - - 

' below Baramula. 

! 68 feet a mile near its source : 22 feet a mile' 
from Tandi to Kishcwar : 100 feet a mile! 
a t  passage of Pir Panjal; 20 feeta mile: 

menab. doea not cross I 380 40 , above Akhnur. 
-- - -  - 

I 125 feet a mile from its source to La j i :  11' 
Reas. does not cross 250 4 8  feet a mile below Mandi. I 

- ~ - - - -  - - - . - - . . - 
! 1 200 feet a mile near its source; mldom, 

Ravi does not cross ' 130 115 lesrr than 50 feet a mile anywhere. 
J 

Numerical estimates of gradients are always liable to be too steep : the numberless 
sinuosities of a river flowing through mountains cannot be shown on a map, and the 
length of the stream is always measured too small. 

The following are the various lengths obtained for the river Ganges from Badrinath 
to Hardwar as measured from different maps :- 

Miles. 
from the map of India on the scale of 1 inch = 32 miles . . 127 
from the index map of Kumaun on the scale of 1 inch = 12 miles . 133 
from the atlas of India on the scale of 1 inch = 4 miles . . 143 
from Ki~mrrun and Garhwal survey on the scale of 1 inch = 1 mile , 166 

* The sourcea of all these riven are above 16000 foet. I t  is not possible to state the height of the s o m e  of a river 
rising in mountains excopt approximately. Tbe lower end of the principal glacier marka the point w h m  o stream of 
wstm is first visiblc, but this is not the source of the river. The anow, that falls on the highest peaku, may evelltually 
find ib way into the glacier and thence into the river. 
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Chart XXXVII has been drawn to show that the further back a river rises in 
the Himalaya or Tibet the less likely it is to have a steep average gradient. The 
fall of a river like the Brahmaputra rising in Tibet must tend to be l e s ~  than that of 
one like the Ravi, which rises in glaciers of the lesser Himalaya. 

It cannot, however, be laid down that the gradients of rivers depend only or even 
mainly upon the positions of their sources, for much depends upon the subsequent 
straightness of course. A river, for instance, like the Kali, that cutsstraight acrosp the 
hills from its source to its exit, tends to develop a steeper average gradient than one 
like the Jhelum, which meanders through the trough of Kashmir. 

Posdione of the sources of the principal Himalayan rivers. 
The following rivers rise in the lesser Himalayan ranges :*- 

The Ramganga (chart xxv), 
Baghmati (chart XXVII), 

Beas (chart xxxrr), 
Ravi (chart XXXII). 

The following rise in the great Himalayan range 'chart xxxvrt', ;- 
The Mandakini (chart x s ~ v ) ,  
Seti (chart xxv~) ,  
Indrawati (chart XXVIII), 

Madi (chart xxvrr), 
Dudh Kosi (chart XXVIII), 
Jumna (chart XXIV), 
Tons (chart xx~v) ,  
Jhelum (chart XXXIII), 
Kishanganga (chart xxxr LI), 

Chenab (chart XXXIII). 

The following rise behind the great Himalayan range *- 
Bhotia Kosi (chart xxvrrr), 
Tambar Kosi (chart XXVIII). 
Tista (chart XXVIII). 

The following rise in the Zaskar range :- 
A Kali (chart XXV), 

Alaknanda (chart x x ~  v), 
Bhagirathit (chart xxrv), 
Spiti (chart XXXI) .  

The following rise in the Ladak range :- 
Arun (chart XXVIII), 
Kali Gandak (chart XXVII), 

- - 

The position of the soume of the Ropti (chart r s v r )  is uncertaiin. 

t diagram 4 of chart xxxvn the Bhagirathi hfrs been shown as rising in the trough behind the great Himalaya. 
This is co-t. but it r im in the Zesknr range and not In the Ladak. 
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Karnali (chart x x v ~ ) ,  
Birehi (chart x x v ~ ) ,  
Raidak (chart x x ~ x ) ,  
Manas (chart x x ~ x ) .  

The following rises in the Kailas range :- 
Sutlej (chart xxx~).  

Muenta  of the following rise in Tibet north of the Kailas range :- 
Indus (chart x x x ~ v ) ,  
Brahmaputra (chart xxx). 

The rivera that rise in Tibet show great differences in the depths to which they 
have cut down their channels. At its escape from Tibet the Indim is 1000 feet lower 
than the Karnali, 3400 feet lower than the Brahmaputra, and 5400 feet lower than the 
Sutlej. 

Variations in river-gradients. 
It has been suggested that the increase in gradient during a river's passage of 

a range has been caused by the gradual rise of the range across the course of the river,- 
that the river has been unable to wear away the range as rapidly as the latter has grown. 

The larger rivers, i t  has been stated,* are usually observed, within ten miles of the 
line of the great peaks, to be flowing a t  an elevation of little more than 4000 feet, but 
" on crossing that line the acclivity suddenly and rapidly increases, and the river 
" bed8 are found in a few miles to be at an altitude of 9000 or 10000 feet. Above 
" this the gradient falls again, and in the Tibetan region the average slope does not 
" seem to be more than a few feet in each mile of channel." 

" This sudden rise in the river beds as they cross the line of highest peaks seems 
" to show that this has been a region of greater and more rapid upheaval than those 
" to the north or south." 

We do not think that a n  such deduction is admissible : a river passing from a 
high level trough to one of low level must necessarily flow on a steeper gradient during 
the descent than when confined to either trough, and the variation in gradient does not 
seem to us to furnish evidence as to the rate of upheaval. 

It m a  indeed be questioned whether the gradient of a Himalayan river ever 
increases, as it passes the asis of the great range : the Kali Gandak for instance rising in 
the Ladak range descends 3180 feet in its first 12 miles, from 15080 to 11900: or 265 
feet a mile : in the next 22 miles it is in a trough and falls 2950 feet, or 134 feet a mile : it 
then commences its drop to the outer trough and descends 6900 feet in 38 miles or 181 
feet a mile. If the barometric observations of the explorer are reliable, the river 
commences its increased fall of 181 feet a mile, not a t  crossing the great Himalayan 
axis, but a t  its entrp into the great range. We believe that this is the case also with 

J o u d .  Royd CJeographical Society, Vol. XXI, 1851. 
Eney&padia Bdunnica. VoL XI. 
d Manual of the Gcolosy of India, 2nd Bdition, psgs 462. 



the Alaknanda and t,he Arun. The great range is 50 miles broad, and the rivers increase 
their gradient, as they pass not its axis but its northern edge. 

Dr. Hooker found that the peak of Jano was 5 miles distant and rose 13932 feet 

Mountain dopea in the ?iimalaya. above the village near which he was encamped." This," 
he wrote, " is one of the most sudden slopes in this part 

" of the Himalaya, the angle between the top of Jano and Kambachen being 2786 
" feet per mile, or 1 in 1'8. The slope from the top of Mont Blanc to the Chamouni 
" valley is 2464 feet per mile, or 1 in 2.1. That from Mont Rosa top to Macugnaga 
" greatly exceeds either. " * 

In  the basin of the Dhauli (Alaknanda) there is in one place a drop of 7000 feet in 
one mile. In the basin of the Kali an instance is known of a fall of 14000 feet in 1% 
miles, or 8000 feet a mile.? On the north side of the Karakoram from the peak of 
Ke t, the bed of the Oprang tributarg of the Yarkand river the drop is over 3000 feet 
a mile for 6 miles. From the peak of Haramosh on the Kailas range to the bed of the 
Indus the drop averages 2360 feet a mile for 8 miles. 

The large angles of slope that are to be found everywhere in the great Himalaya 
are not met with in the outer and lower ranges : perpendicular drops of a few feet are 
common everywhere, but it is seldom in the lesser Himalaya that we meet with a 
difference of height of 1600 feet occurring within a horizontal distance of 1 mile. 

-- - 

Himalayan Jownds .  VoL I, page a, footnote. 
t Thin fall telrss plsoe between Hesding peak and the bed of the Qori, vide B d  Re*, Burtq of I n d k  18?4-75. 
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THE RIVER-GORGES O F  THE HIMALAYA. 

There is hardly a mountain range in Asia that has not been cut across by a river. 
A river which has been flom-ing for miles along an open trough between two parallel 
ranges will suddenly bend and piercing one of the rangea will escape through a precipi- 
tous gorge.* 

The lengths and depths and forms of the stupendous gorges, through which the 
rivers of Asia pass the mountain ranges, have excited the wonder of all travellers who 
have seen them : the extraordinary narrowness of the defdes, the perpendicularity 
of their walls and the immense difference of altitude between the beds of the rivers 
and the peaks towering immediately above them have given to these wonderful chasms 
an absorbing geographical interest. 

In many instances a range is found to possess the same form and character on the 
two sides of H river-gorge intersecting it, but in others i t  appears to undergo a complete 
change. No difference can be observed, for example, in the shape or height or align- 
ment of the Pir Panjal range on the two sides of the gorge of the Jhelum, and the great 
Himalayan range itself does not change its fnrn~ a t  the passage of the Arun Kosi. But 
a t  its intersection by the Sutlej the change in the great range is so complete that i t  is 
difficult to trace a connection btween the mountains on either side of the gorge. 

Many controversies have arisen over the origin of the great river-gorges. A century 
ago the explanation generally accepted was that earthquakes or other convulsions had 
produced long fractures through the mountains, and that the rivers had found their 
way along the cracks ; but subsequent examinations of rocks below the beds of gorges so 
frequently showed no signs of fractures, that it is now generally acknowledged that 
the gorges have been slowly carved by the rivers themselves during the course of ages. 

Though, however, the defdes of many rivers are unconnected with transverse 
fractures, pet a certain few, among which the Alaknanda is one, are now known to follow 
the lines of geological faults ; even in these cases however the gorges have been carved 
mainly by water and an original structural weakness was merely the determining 
cause of the position of the gorge in the beginning. 

A gorge may be carved by water across a range in many different ways. Firstly, as a 
new-born range is rising slowly out of the ocean, i t  may be cut across a t  intervals by the 
R C 3  and divided into a series of islands ; the channels cut thus in early times may subse- 
quently develop into river-gorges. Secondly, the snow and rain falling on the front 
slopes of a range may create glaciers and rivers, which slowly cut back by head- 
erosion and eat through the mountains. Thirdly, the snow and ice accumulating on 
the crest may gravitate towards the lotvest points of the range, and thence flow off in 
opposite directions and wear away the rock on both flanks simultaneously. Fourthly, 
a river may be antecedent or older than Dhe mountains, and have maintained ita 

* The River valleys of tk H i W y a a ,  an nddreaa to the Mancheater Oeographknl Society, 1893, by R. D. Oldhem. 
The e d u f i o n  of Indian Qeogtuplry, by R. D. Oldham, Geogmphiccd .Journal, March, 1891. 
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path across the latter as they rose. Fifthly, the flow of a river may be dammed by 
the rise of mountains across its path, and the waters of the lake so formed may eventually 
overflow and carve a gorge across the barrier range. 

From classifications of the known gorges of Asia geographers were led to believe 
that the drainage of numeroue mountain basins has been dammed by the rise of recent 
ranges, and that the imprisoned water has risen and overtopped the crests and has 
eroded narrow channels in its escape. But owing to the entire absence of lacustrine 
deposita, geologiets have been unable to accept this explanation. In view of the 
Merences of opinion that are now exieting, we cannot presume in this paper to put 
forward any theory accounting for the presence of the gorges. The courses of rivers 
across ranges may have originated, some in one way, some in another, and even a 
single gorge may have been partly due to one cause and partly to others.* 

The charts of rivers bring home to us how different are the forms of basins. On 
the one hand we see the Kosi, the Karnali and the Gandak possessing numerous branches 
and draining immense lengths of the snowy range, and on the other we witness the 
Sutlej a branchless trunk issuing from Tibet and draining a narrow transverse zone 
of the Himalaya. 

The following table shows the heights of the beds of the principal gorges through 
the great Himalayan range and the widths of tho& gorges at  certain heights :- 

TABLE XXXIII. 

Kali Gandak . . 
Bhotia Kosi . . 
Bhagirathi . . 
Dudh Kosi . . 
Sutlej . . 
Trisuli Gandak . . 
Buria Gandak . . 
Kali . . 
Oori . . 
Arun . . 
Tif4ta . . 
Alaknanda . . 

I of the range. / 

Height of bed 
of gorge in feet 
near the axis 

5000 
5000 
7000 

16000 
9000 
6000 
7000 
woo 

1 m  
6000 
6000 
6000 

Wiath of gorge between commanding peaks. 

12 miles 
10 miles 
11.5 miles 
14 miles 
9 miles 

16 miles 
18 miles 
6 miles 
6 miles 

14 miles 
25 miles 
30 miles 

24000 feet 
20000 feet 
20000 feet 
32000 feet 
20000 feet 
1 W  feet 
19000 feet 
16000 feet 
16000 feet 
16000 feet 
16000 feet 
16000 feet 

Average fall I per mile from 
peak to bed. 

3167 feet 
3000 feet 
2261 feet ' 857 feet 

1 24-44 feet 
1623 feet 1 1333 feet 

1 2333 feet ' 2000 feet 
1429 feet 

1 wo feet 
666 feet 

The proxki ty  of high peaks to deep gorges. 
The passage of a river across a range has been observed to occur in many places 

near the highest point of the range, but our knowledge of the Himalaya mountains 
is insufficient to justlfy any statement of a general law. Some supreme summits do nut 
appear to stand on the edges of transverse gorges, and some of the gorges do not appear to 

" Notl~L~y can IM certain till the topography and the geology am better knuwu " : d e  The d e y a  o/ Q e  Him- 
layns, by R. D. Oldham. Qrogmphicd Journal, November, 1807. 

2 ~ 2  
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have been cut on the flanks of great peaks, yet proximity has been so often noticed 
that it must now be regarded as a phenomenon deserving attention. 

It may be that the great outbursts of granite, which go to form the high peaks, 
are frequently accompanied by lines of weakness in the original structure, and that whilst 
the peaks themselves are hard, the rocks on their flanks have feeble powers of resistance. 

It may be that the high peaks have from early times, before the mountains attained 
their present elevation, condensed the moisture of southern breezes and caused more 
snow and rain to be precipitated in their vicinity than on other parts of the range, and 
have thus given to glaciers and streams not only a greater fall and a greater eroding 
power, but a greater volume. * 

It may be that, as one portion of the earth's crust becomes elevated to a great 
height, an adjacent portion becomes depressed, in accordance with the theory of 
isostasy. 

It may be that the highest points of ranges occur at  the bends and bifurcations of 
the latter, and that the bays and angles formed by bends and bifurcations render such 
places liable to the attacks of glaciers and streams. At present we are unable to 
determine the cause, and the solution of the problem awaits further and more accurate 
observations. 

The following table contains a few examples of the proximity of extreme heights 
and depths : all the peaks included in the table are the highest points of their 
respective regions. , 

TABLE XXXIV. 

i Height of ! 
bed of gorge Range. 

I near the ! Fall per 
mile from 
peak to 
bed. 

Height of 

~ I / F& i Milea I Feet I 

Horizontal 
distance 

Sutlej . . 10000 I Zaskar Leo Pargial 

Gandak . 6000 I Great Himalaya 
1 -  -- 

I Arkari . . lm00 I Hindu Kmh /hrich Mir 

peek. frompegk 
to bed. 

Indus . . 4000 1 Great Himalaya Nmga Parbat 
--  

Hunza . . 6000 i ~ d m  Rakaposhi 
- - - ~  

/ Dudh Kosi . ! 18600 1 Great Himalaya T42 
i 
I 

j Gori . !-,- 10000 / Great Himalaya Nanda Deli 
,- A 

/ 25645 1 12 I 1304 I 
I 

If the rate of flow be doubled. the fome of the water is moreaaed 64 t i m a  The tsensprtstion of bouldam, the d o n  
of gorges and the destruotion of mountains sre meinly the work of r i v m  when in u i d d  flood. 

1 Yurangkaah . llW ) Kuen Lun 

i 
%heat peak of 1 23890 1 10 1 .  1289 1 

region. 
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The highest points of ranges tend to occur on transverse l h .  

In the last paragraphs we dealt with the phenomenon of contrast : in this we refer to 
the  phenomenon of sympathy. The contrasts were between neighbouring points of the 
same range, the sympathies are between corresponding points of different ranges. 

The. several parallel ranges of the Himalaya and Tibet tend to culminate in sym- 
pathy with each other : we give the following instances to illustrate our meaning. 

(i) The Karakoram culminates in Ke opposite to the Pir Panjal, which is the 
highest section of the outer Himalaya. Of the intermediate ranges the 
Punjab Himalaya culminate in Nanga Parbat, and the Kailaa range in 
Haramosh, between Ke and the Pir Panjal. 

(ii) In the Nepal Himalaya the supreme peaks of Everest and Kinchinjunga 
stand on the great range opposite to what appears to be an exceptional 
development of the outer range.* 

(iii)JThe Chur peak, the highest of the Nag Tibba range, stands opposite to the 
great Zaskar peak, Leo Pargial and to the Aling Kangri of Tibet. 

(iv) A further example'of sympathetic expansion we find in the Kumaun Him- 
alaya. Here the culminating point of the great range is Nanda Devi; 
on a line a t  right angles to the range stands Kailas, the culminating 
point of the Kailas range ; south-east of this line is Gurla Mandhata, the 
highest peak of Ladak range, and north-west is Kamet, the higheet peak 
of the Zaskar range. Thus we see that all four ranges tend to increase 
in elevation within the same region. 

(v) A fine example of sympathetic expansion is furnished by the Hindu Kush. 
After a stretch of 100 miles from east to west, throughout which its highest 
peaks rarely exceed 20000 feet, the southern Hindu Kush range rises 
suddenly to 24171 feet a t  Sad Ishtragh : immediately opposite to Sad 
Ishtragh the northern Hindu Kush range shows in its peak of Lunkho 
(22641 feet) an even more extraordinary rise. Twenty-five miles from 
Lunkho, north of the Oxus, appear the two highest peaks of the whole 
Trans-Oxus region, which combine with Lunkho and Sad Ishtragh and 
a peak (21297 feet) of the Kailas range on the south to form a wonderful 
line of maximum elevation a t  right angles to the direction of the ranges. 

Th.e lowest points of ranges tend to occur on transverse lines. 

The above are examples of sympathetic maxima, and chart x x x v ~  has been 
.drawn to illustrate sympathetic minima, and to show how the gorges or lowest points 
af ranges tend to occur on transverse lines. 

Map of Nepal, wale 1 mch = 16 milea 
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The following table will explain the meanings of the lettern inserted on chart- 
XXXVI. 

TABLE XXXV. 

A 1 The Indue turns the great Himalaya west of Nanga Parbat. 
A 2 The Hunza river turns the Karakoram north-west of Rakaposhi. 

B 1 Pawage of the Jhelum through the Pir Panjal range. 
B 2 Passage of the Indus through the Ledak range. 
B 3 Shimshal pass. 
B 4 Passage of the Oprang river through the Aghil range. 
B 5 Passage of the Yarkand river through the Kuen Lun range. 

C 1 The Chenab crosses the lesser Himalayan range. 
C 2 The Zoji pass. 
C 3 The Shigar river crosses the Zaskar range. 
C 4 The Indus c m e s  the Ladak range. 

Karakoram pass. 1 
C 5 The Karakash crosses the Kuen Lun range. 1 
D 1 The Chenab cuts through the Pir Panjal range. 
D 2 The Zaskar river cuts through the Zaskar range. 
D 3 The Nubra cuts through the Kailas range. 
D 4 The Fumngkash river cuta through the Kuen Lun range. 

-- 
I 
i 

E 1 The Reas cuta the Siwalik range. 
E 2 The Ravi cuts the Dhauladhar range. 
E 3 Great bend in the Zaskar river. 
E 4 The Shyok river cuts the Karakoram range. 

- 
F 1 The Sutlej passes the Siwalik range at an overlap. 
F 2 The Beas passes the Dhauladhar range. 
F 3 The Spiti-Indus water-parting bends through a right angle. 
F 4 The Indus breaks through the Ladak range. 

The Pangong line of lakes bends in sympathy with the Indus. 
F 5 The Kiria breaks through the Kuen Lun range. 

G 1 The Jumna passes the Siwalik range. 
G 2 The Sutlej crosses the great Himalaya. 
G 3 The eastern branch of the Indus crosses the Kailas range. 

H 1 The Ganges passes the Siwalik range. 
H 2 The Ganges (Bhaguathi) crosses the great Himalaya. 
R 3 The Sutlej crosses the Zaskar ranee. 

- 
K 1 The Alaknanda crosses the great Himalaya. 
K 2 The Sutlej crosses the Ladak range. 

I 

L 1 The Kali Gandak cuts the Himalayan range east of Dhaulagiri. 
I 

L 2 The Photu pass, 15080 feet, over the Ladak range. 
L 3 b northern tributary (Charta Sangpo) of the Brahmaputra cuts the Kailaa range. 

i 

M 1 Knee-bend a t  junction of the Trisuli Gandak and Kali Gandak. 
M 2 ,Southward bend in the Brahmaputra. -- 
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I N 1 The Buria Gandak cuts the great Himalaya. 
N 2 A northern tributary of the Brahmaputra cute the Kailes range. 

/ The Baghmati pasaea the Siwalik range opposite the Bhotia Kmi's pamage through the 

I great range. (Charts XXVII and XXVIII.) 

P 1 The Arun Koai breaks through the great Himalaya, lesser Himalaya and Siwalik range 
on one alignment. 

P 2 The Brahmaputra cuts northwards through a branch of the Kailaa range. 
-- - 

Q 1 The Ganges and Brahmaputra break between the mountains of Chota Nagpur and kssam. 
Q 2 The Siwalik range is deetroyed. 
Q 3 Bend in the great Himalaya between Kinchinjunga and Chumalhari. 
Q 4 The Nyang tributary of the Brahmaputra breaks the Ladak range. 
Q 5  Northern tributary of the Brahmaputra cuts the Kailaa range. 

R 1 Knee-bend of the Manes river. 
R 2 Lake Yamdrok. 
R 3 The Kyi (Lhasa) river cub the Kailes range. 

It will be held that many of the above so-called examples of sympathy are but 
coincidences, and doubtless this is the case : but the total accumulation of evidence 
is considerable, and can hardly be dismissed as a series of accidents. 

The higher range of a trough is generally the one pierced by the escaping drainage. 

When a river breaks out from a trough, the range that is pierced is generally the 
higher of the two : rivers, for example, that rise in the Sarikol trough, escape through 
the higher rltnge to the east; those that rise in the Hindu Kush trough, with the 
exception of two minor streams, escape through the higher range to the south; 
those that rise behind the Kuen Lun escape through the higher range to the north ; 
those that rise north of the great Himalaya escape, with one exception, through 
the higher range to the south. 

If i t  could be proved that the river-gorges in these cases had been caused by the 
overflows of imprisoned lakes, i t  would become evident that the higher ranges were 
younger, and were, a t  the times when the overflows were commencing, lower than their 
parallel companions, which they now surpass. 

The gorges in the Great Himalaya compared with those of the Ludak range. 

The longitudinal section in chart xx illustrates the interesting fact that no river 
crosses the Punjab Himalaya throughout a length of 360 milea-from the Sutlej to 
the 'Indus. The same section shows that, in other portions of the Himalaya, rivers 
are intersecting the great range a t  every 50 or 60 miles. The ab~ence of gorges 
through the Punjab Himalaya seems to be due to the fact that the drainage of the 
northern slopes all flows towards Ladak and escapes by the Indus. 
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In  Tibet the Indus has cut down its bed to a depth greater by 4000 feet than the 
Rrahmaputra ; this lower level of the Indus has given to ite tributaries in Ladak a consi- 
derable fall, and has perhaps induced them to flow away from the Himalayan creat rather 
than attempt to cross it. 

If we compare the great Himalayan and the Ladak ranges, we find a curious 
alternation existing ; in Nepal the Himalaya are pierced by many gorges but the Ladak 
range is not ; opposite the Punjab the Himalaya are not so pierced but the Ladak 
range is. In the region where rivers cut across the southern of the two ranges 
the northern range is not intersected, but where the southern range runs for a long 
distance intact, the northern is interlaced by the Indus.* 

The gorges in the Great Hinuduya compared udh t h s e  of the Lesser Himalaya. 

Our charts show that the great Himalayan range has been pierced by more rivers 
than the lesser range; t it  might have been supposed that a river, which had been able- 
to carve a deep gorge through the great range, would be able to maintain ite way across 
the lesser range during the rise of the latter; but survey8 teach us that this has not 
been the case. The lesser range appears to have barred the paths of many rivers, 
and:having forced them to converge inside the mountains has restricted the number 
of principal basins and exits. 

The Alaknanda and Bhagirathi have both cut passages for themselves through the 
great Himalayan range, but they unite within the mountains and pierce the lesser 
Himalayan and Siwalik ranges in one joint stream, the Ganges. 

Three affluents of the Kali pass the great Himalayan range through independent 
gorges, but unite within the hills. 

One branch of the Gandak, the Kali, rises in the trough behind the great Himalayan. 
range ; two other great branches rise behind the crest of that range; yet through the 
outer ranges there is only one outlet for the three. 

One branch of the Kosi, the ,h, rises in the trough behind the great Himalayan 
range ; five other principal branches rise in that range ; yet there is but one outlet 
through the outer ranges. 

Two principal branches of the Manas rise behind the great Himalayan range, and 
at lesst one in that range ; there is but one outlet. 

In  the basin of the Raidak no tendency has been observed for rivers to converge ; the 
several branches flow independently and directly out of the mountains; i t  is however 
in this basin that the lesser Himalayan and Siwalik ranges are absent. 

* We have already described how the Indue in Ladak passes backwards and forward3 three times eoroea the 
Lad& nrnge ; it intersects it first near Thangra ; at Rkardo it cmaes back again to ite original fld and trough; 
and at  Rllnji it piercee the same nmge again. 

t We are referring here to the outer parallel range of the lesser Himalaya, that trnwrsea Nepal and Kumeun, nnd nat. 
to the oblique rangee, vide frontispiwe chart of Part I. 
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If we compare the northern and southern borders of the Tibet plateau, the Kuen 
Lun and the Himalaya, we h d  that rivers do not converge in the former to the same 
extent as in the ltrttcr, that the basins of the former are narrower, and that the 
number of rivers issuing from the same length of Kuen Lun is three times as great as 
the number from the Himalaya. 

The cause of this difference is obvious ; an outer Kuen Lun range has not dammed 
its rivers, as the lesser range has done in the Himalaya. 



THE GLACIER& OF HXGH ASIA. 

Large and numerous as are the existing glaciers of the Himalaya and Karakoram, 
they are but the relics of an older and more extensive 

Forma vast extensions of glaciers. series of ice-flows. TLe ancient moraines, the perched 
blocks and the glaciated surfaces all furnish proofs that the ice in former times covered 
an area in Asia immensely larger than a t  present. 

On the southern slopes of the Dhauladhar range an old moraine was discovered 
by the late General McMahon a t  the extraordinarily low altitude of 4700 feet : * and 
on the Tibetan side of the Great Himalayan range the glaciat.ion appears a t  one time 
to have been almost universal. No reliable observations have yet been made in central 
or northern Tibet, but in Ladak, in Nari Khorsam, and in Tsang the vast morainea 
and the transported blocks, perched high on hill sides far from their parent mass, are 
indications of the former existence in southern Tibet of an almost continuous ice-sheet, 
and of snow-fields and glaciers, such as are now to be found in polar regions only. 

The diminution in the extent of the glaciers of the Trans-Himalayan region has 
been ascribed to the growth of the great range, which is supposed to have slowly risen 
and barred the passage of the moisture-laden winds from the south.? But this expla- 
nation cannot be regarded as complete, for the decrease in the ice has been as marked 
on the southern flank of the Himalaya as on the northern. 

Although the Himalayan glaciers were a t  one time far more numerous and extensive 

Secular changes in glaciers. 
than a t  present, their diminution does not appear to have 
progressed continuously. The process of contraction seems 

to have been interrupted a t  times, and the ice has a t  intervals spread again over 
area, from which i t  had previously retreated. 

Evidence of three separate periods of glacial extension has been discovered by 
Oldham in Kashmir,S and similar oscillations have been observed by Huntington in 
the Pangong valley of Ladak. 

A complete study of Himalayan glaciers has long been recognised as desirable, 
and numerous references to the subject will be found in the writings of Hooker, Drew, 
Godwin-Austen and others, and in the records and memoirs of the Geological Survey ; 8 
but i t  has only recently become possible for Indian geologists to commence systematic 
observations. During the summer of 1906, certain glaciers in Kumaun, Lahaul and 

Recorda, UedogiuJ Survey of India, Vol. XV (1882), p. 49. 
t A Mawal  of the ffedoqy of India, 2nd Edition, page 486. 
2 Reconla, Beohgied Survey o! India, Vol. XXXI,  pt. 3. 
5 Hooker'a Himalayan Jounala, Vol. 11, p. 7. 

Journal, Aaiolic Sociely of Bengal, Vol. XL, pt. 2, p. 393: Vol. XLIV, pt. 2, p. 208 : Vol. XLVI, pt. 2, p. 1. 
Jfemoira, UedogiuJ Survey of India, Vol. 111, pt. 2, p. 155: Vol. XIV, p. 116. 
Recur&, Gedogicd Survey of India. Vol. VII, p. 86 : VoL X, pp. 193, 140. 
Drew'a Jurnmoo and Kaahmir territoria 

Quarterly J o u d ,  Qeological Society. Vol. XXIX, pp. 441, 466 : VoL VII, p 310. 



,h&,mir 'were o h & &  mad &lte ,psitieas cid their wmuha .acaurstraly determined ; 
Bhsae . m A  n d  , h m  ,a &a liar ~subsq& marock and d enahle h t u e  
+ h r n b e $ h  r b h e  @m .are dnasciag ar satreatiqg.* 

$01 ammy yarn ~sydamatk tahnebsations ham been made iP Europe, aad , b o a t  
levey rghuier h e n  !hand rto the ~ret~edq@l. 

&I & Piam S h n  d m ,  on &he ohhar hnd, thrure 3s bu$ ane @a&r only, tihe 
Mnehketoff, which dmws a . i p  -af ~ec& betmt.t 

h h e  aase of - h e  W a y a n  gbaieHs &he praseat diredim of mular  m o m e n t  
rhas meroer @ !been rdetmeed, but so  far ,as we aw able to jdge  frarn the ~ h a n i a d  
JWUDZ& laft ,by ,the iae h e l f  and finom h l  fhlrditione, no generd rule o b h i ~ ,  ,as 
4ms rbsan obaerved k~ hdd in I B ~  Alp. Certain l%xduyan gh&m qppw now to ,he 
m.tma+ing, obhm %how sigw ,of dvame, end othem again to have r 6 e g I  
~~ dm a. amaiderabk .period. 

In Hunza-Nagar two glaciers me know,  whioh heve dvanoed (rapidy .of 3ece& 

yaws, land whiob have a p a d  aver fields snd shpped adtivation.$ On the mther 
$he an& i c d  4h.e Milam .glaciar in Kumaun is setreating : the Pandit Eshen 

&.I@-* &,I( of Tibetan ~exploraiion--etatee that ,the ,glacier at Milam has receded 
~ I M  p e s  .in his lifetime of 35 years. " The tradition-af my dlqp,'' he xvritee, " 
"that the glacier at one time dewended almsst to w i t h , a  line lmith our houeae, ,bat 
" it tie now a d e  abwe them. " 

,t will be many years before we shall be able to generalize upon the direction 
of the secular movement of the IPimalayan glaciers. It is difficult to arrange for 
surveys to be made of all large glaciers, and travellers will be able to render 
assistance of great value, if (they will but take h i l e d  observations of the present 
positions of the snouts, that they visit. Co-operation such as this will be necessary to 
render our records complete. 

The direction and rate of secular movement are perhaps the most important points 

~eamm~ varietiau and mbordi~te  for investigation. But other observations of interest 
ph- are required. The seasonal variations in the lengths 
of glaciers and the relations of these variations to meteorological conditions will have 
to be observed. The nature of the ice, the position and movements of the ' dirt-bands,' 
the laminstion, the directions of (crack end crevasses, and the rates of abraeion of the 
bed of the glacier, both in solid rock and in unconsolidated moraine, are all objects 
wortihy of [the attention of obwmm. 

The rate of flow of the ice has abo to be determined : this will vary with the gradient 
of the bed. A trarcsverse glacier,-that is a glacier which flows down a valley at right 
angles to a range-is more likely to have a steep slope than a longitudinal glacier, cr 
one wupyhg a trough beheen -two rangee 

* Gencml Report, G d q i u r 2  Sumy of Zniikr,  1906. hy T. -8. Holland, F.ES., Dirsotor, and Records, Qcdogical 8urocy 
of I* VoL XXXV. 

t Merzbacher's Cmh.d Tian-8han Mountoira, p 192. 
2 Oonwey'e Ui- otid Wrplarrlian~in the Konllar#, Hicrdgmr .  

2 ~ 2  
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The longitudinal glaciers of the Karakoram are the greatest ice-flows of the world, 
outside polar regions : their gradients are gentler than thoee of the transverse glaciers. 
Their snouts too are generally situated at  higher altitudea than those of the traneverse 
glaciers : the great longitudinal glacier in Hunza-Nagar, known as the Hispar, termi- 
nates a t  an elevation of 10500 feet above sea-level, whilst the transverse glaciers on 
the slopes of Rakaposhi descend below 8000 feet ; the steepness of the gradients on 
Rakaposhi allows the ice to reach lower altitudes, before being melted. 

For the determination of secular movements, longitudinal glaciers like the Hispar, 
Biafo, Baltoro and Chogo Lungma are, perhaps, more suitable for observation than the 
transverse. When the snowfall has been abnormally heavy or light for one or more seasone, 
the lengths of the transverse glaciers are apt to be temporarily affected, and observatiom 
confined to a few years lead then to erroneous conclusions. If, however, observations 
are extended over long periods, there should be no difficulty in disentangling the effects 
of secular movement from those of seasonal variation. 

A great number of the glaciers of the Himalaya and Tibet have been roughly surveyed 

The principal glaciers of High Asia. 
and the altitudes of their snouts determined, but i t  would 
be no more possible to classify or enumerate them 

than it would be to classify or enumerate the rivulets. Glaciers abound a t  the source 
of every great river and throughout the mountain ranges. 

The following glaciers of High Asia are known to exceed twenty miles in length :- 

- . - -. - - -. 

Name of gleaier. 
.- -. - 

I Bdtoro . I  36 miles 

Inylchek . 
Biafo . 
Hispar . 

44 miles 
39 miles 
25 miles 

Koikaf 
ChogoLnngme . 

. -. . . . . . . 

Region. 

31 milea 
24 milee 

Gasherbrum . 
Saichr Ghainri . 
Semenoff 

Tian Shan 
Karakoram 
Karakoram ) 

21 miles 
21 miles 
20 milea 

Karakoram 

Tian Shan 
Karakoram 

Karakoram 
Karakoram 
Tian Shan 

- 
Position. I 

Parallel tb th; 1ndL io the1 
trough between the Karakoram! 
and Kailae ranges. 

In the trough between Kg and! 
Masherbnun on the summit of 
the Karakoram range. i . 

Parallel to the Biafo and 13 
milea south ; parallel also to 
the Indus. 

South of Gasherbrum peaks. 
At the eource of the Nubm. 

I 

No glacier of the Himalaya attains a length of 20 miles : the Rupal glacier near 
Nanga Parbat waa described by one observer as descending to the village of Taahing 
and as being 22 miles long, but this account is known to have been inaccurate. 

The maps of the Survey of India show the Rupal glacier to be ten miles in 
length, and they represent other glaciers entering the Rupal river from lateral valleys 



THE RIVERS OF THE HTMALAYA AM) TIBET. 193 

.between the snout of the principal glacier and Tashing village. In the depths of winter 
these several glaciers are buried under a continuous mantle of snow, but a t  the periods 
 of survey they were apparently unconnected. 

The following table contains a list of the best-known glaciers of High Asia.* 

TABLE XXXVII. 

Zemu . 
Kinchinjunga . 
Yalung . 

Region. 
.. - 

16 miles 
13 miles 
10 miles 

Name of glacier. I River into which it drains. 

Tista. 
Tambar. 
Tambar. 

Nepal Himalaya . No positive information. Structural troughs may exist in the c r e h  
zone of the Nepal Himalaya, but they are a t  preeent quite unknown. 
Many deep ravines and notches have been cut by rivers acmes the 
Himalayan creat, and it is a question whether the eectiom of the 
range intervening between them, are sufficiently long and suffi- 
ciently intact to hold glacier0 rivalling the Biafo. Itie well 
known that glaciera extend over large a rea  on the dopes of 
Evereat and Makalu. 

- -- 

Kumaun Himalaya $ . . 12milea 
Round north beee 1 12 milee 

of Nanda Devi. 1 
( Round south base I 12 milea 

of Nanda Devi. / 
: Satopanth . , 7 milea 
I 

Bagini . . i lomilea 
I Kosa . 7 miles 

Mana . . 1 12milea 
Kedarnath 9 milea 
Gangotri . j 16milea 

aOri (Kali). 
Dhauli ( Alaknanda). 

Dhauli ( Alaknanda). I 
Viehnuganga a t  Badrinath. 

Dhauli ( Alaknanda). I 
Dhauli (Alsknanda). 
Jahnavi (Bhagirathi). 1 ! 
Bhagirathi. 
Bhagirathi a t  Gau Mukh. 1 

Punjab Himalaya $ . Rupal (northern) 
, Rupal (southern) 

Phungatori . 
Rakiot . 

( Diamir . 
I I Gauri . 
I : 
- . . - . - - - - - 

8 miles 'I I 
8 miles 

Are cutting Nanga Parbat off ( 
from the great Himalaya and / 
draining Into the Indus. 

Drain into the Indue from the 
northern s l o p  of Nanga 
Parbat. 

Drains into the Indus from the 
western s l o p  of Nanga 
Parbat. 

From the Nun Kun peaka into 
the Suru. 

W ardwan. 
-.. - - -- 

The list is not complete : the information upon which it is baaed is defective. 
t Round Kcmgchenjunga, by Douglaa Freshfield, h'orth-East Tms-Frontier Sheet, 7 N. R. 
f Atlas Sheeta 66 and 6f3 N. E. and 66 N. W. Kumsun and Qarhwd Survey, Sheeta 12 and 2n. 
# A t h  Sheets 40 and 45 8. W. : Northern Trans-Frontier Sheet 3 N. E : Map of IZengta. The glaciers in Knlu an, 

aever 5 milee in length, and those of Spiti am smnller. 
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TABLE XXXVII--cod. 
- 

Region. I - -  
1 

P unjab Himalaya . 

River into whi4 it b j m .  
L 

Suru. 
Suru. 
Zaakar. 
Zaakar. 
Zaakar. 
Zaskar. 
Zaskar. 
Wardwan. 
Wardwan, 
Chandra Bhaga. 
Chandra Bhqa. 
Chandra. 
Chandra. 
Chandrs. 
Bhagf.. 

I ' Nela . 10 miles 

I I - i 
: ' 10 miles 

Name of ghcier. i ""'" 
I .  

Rundun . ' 12milea 
m -  : 14miles 

Sutlej. 
Sutlej. 

KUne;i . 
Hagshu . 
Muni . 
Gowra . 
Reru . 

11 miles 
9 miles 

11 miles 
8 miles 

10 miles 
P m l  . 8 miles 
Brama . ' lomiles 
Tuan . : 1 10 miles 

9 miles . 
Sku 7 miles 
Sonapani . 7 miles 

. lomiles 
Nilang . I 7miles 

Into the Bara Bangahal basin 
and thence into the Ravi. 

Braldo. 
Hunza. 
Braldo. 
Shyok. 
Shigar. 
Shyok. 
Nubra. 
Hunza. 
Hunza. 
Hunza. 
Hunza. 
Hunza. 
Hunza. I 

Lesser Himalaya (Puniab) . Sha . I 

- - 1  
6 miles 

39 miles 
25 miles 
36 miles 
21 miles 
24 miles 
15 miles 
21 miles 
11 miles 
22 milea 
19 miles 
20 miles 
14 miles 
13 miles 

- !  

-- - - I 

Karakomm* 

I 

Hunza. 
Kunar. 
Kunar. 
Kunar. 
Kunar. 
Kunar. 

Hindu Rush t . 

I .  

Biafo . 
Hispar . 

I Baltoro . 
Gasherbrum . 
Chogo Lungma . 
Remo . 
Saichar Ghainri . 
From Rakaposhi 
Malungatti . 
Barpu . 
Batura - 
Pasu . 
Daintar . 

I 
Kurkulti . . I 10 miles 
Wasmu . I 7 miles 
Rich 

1 
10 miles 

Sakiz Jarab . , 19 miles 
Sad Ishtragh . 1 8 miles 
Tirich Mir 

- 
I - - --- I -- 

I 

* ~ d ~ k  Worhan'a In the Ice World o/ Himdayu, p. 119. Map of TnrIri.tan, Atlas Sheet 44a 8 . P ,  Northern 
~ ~ m F r o n t i e r  Sheet 2 5.g- 

+ Northern Trw-Frontier Sheet NO. 2, and North-West T r a n e - h t k r  8hset No. 26. 

14 miles 



THE RIVERS OF THE HIMALAYA AND TIBET. 197 

Many travellers have remarked upon the dirty colouring of the Himalayan glaciers 
and: have lamented the absenoe of the beautiful blue-green hum of Norway and Switzer- 
land. The discolouration of snow and ice in the Himalaya is due fo dust which is 
brought by wind in immense volumes from India, Baluchistan and Peraia, and! 
deposited upon the mountains of Tibet. 

In Sibkim, Kurnaun and Spiti the glaciers of our time rarely descend to 11000 feet : 

TABLE XXXVII-contd. 

Altitudes to which glacias descend. 
indeed it may be questioned whether any instance of a 
descent to 11000 feet has been discovered in those. 

regions. But in the Kazakoram the glaoiers frequently descend to 10000 feet. This 
difference ia without doubt partially due to the higher latitude of the Karakoram, 
but other c a w  for it exist, and these may possibly be producing even greater eff ecta 
than the difference in latitude. The great peaks and k h  snow-clad ridges rise from 
the glaciers more abruptly in the Karakoram than in the Himalaya, and the horizontal 
distances between the valleys and the snow-fields which feed them from either side, 
are less ; the slopes are consequently steeper and the glaciers are able to descend to 
low- ahiitudes, before their ice is melted. 

h43th. 

10 milee. 

6 milea. 
9 milea. 
9 milea. 

44 miles. 
31 milea. 
20 milea. 
16 milea. 
13 milea. 
14 milea. 

Region. 

Kuen L m  . 

The longitudinal glaciers of the Karakoram flow, i t  is true, down gentle gradients, 
and at  10000 feet portions of their ice are still surviving the athcks of heat. It is 
because they possess such immense volumes of ice, that these glaciers are able to reach 
low altitudes. 

Between the valley of the Sutlej in Kanawar and the Nun Kun peaks in Kashmir, 

Name of glaoier. 

Ni& 

the glaciers are few and small, but those on the northern "'-- atwan wars On slopes of the ranges are invariably more extensive than northern and southern elopes. 
thme on the southern. In the Punjab Himalaya several 

glaciers of the northern slopes exceed 11 miles in length, and some exceed 12 ; but the 
largest glacier of the southern slopes has a length of 10 miles, although the snowfall south 
of the crest is known to be greater than that to the north: Similar differences indeed 
are to be observed throughout the Himalaya. They are probably due to the greater 
amount of sol@r heat received by the southern slopes. 

--- 
Stein'e Nap. 

- 
Kashgar Range* . . IYamb&k . 

Tim Shan . 
Koch Korche 
Roksei . 

I n y l c h e k  . 
Koikaf . 
Semenoff 
JiparIik . 
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THE LAKES OF TIBET AND TURKISTAN. 

If we examine chart xxm, which illustrates the basins of the great rivers that 
drain the plateaux of Asia, we find that in addition to the low-lying self-contained 
basin of Tarim, there is beside it a very large high-level basin in Tibet, which possesses 
no outlet for drainage. 

Throughout the Tian Shan, the Pamirs and the Himalaya there are inland basins 
without outlets, but no one of them approaches in size the lake-basin of Tibet, or is 
indeed large enough to be shown on such a small scale as that of chart xxm. 

Though the Tibet lake-basin is very extensive and is studded throughout with lakes, 
it contains no single lake that will compare in area with the great lakes of the world. 

The area of lake Superior in America is 30000 square miles ; the area of the Sea of 
Aral is 25000 square miles ; the areas of the Asiatic lakes Balkash and Baikal are 
respectively 9000 and 10000 square miles. 

The largest lake enclosed among the high mountains of Bsia is h i k  Kul in the 
Tian Shan, area 2000 square miles. The largest lake of Tibet is Koko Nor, area 
1630 square miles.* 

In the following tableq are given the heights, areas, lengths, and (when available) 
the depths of the principal lakes of Tibet and Turkistan. Many hundreds of lakee have 
been discovered by explorers in High Asia, but the greater number pomess areas of ten 
or fifteen square miles only, and have been excluded from the lists. The names of 
small lakes have, however, been included for those regions in which no large lakes 
exist. In the Karakoram and Hindu Rush there are no lakes of importance. 

TABLE XXXVII1.-The ~rincipal Lakes in the Mountain regions surrounding Tibet, 

Name. ' Region Maximum 

I 
I 

- -- - ~ . 

*Aa we pointed out on 1.9 126 Koko h'or is situated on the Tibet plateau, but not in the Tibet lake.basin. 

i 
1 TIAN SHAN. 

I 

I I TARIM b m .  Baghrsdh Kul . 1 
630 

Lob Nor (northern) 150 
Lob Nor (southemi 220 
Baba Kul, No. 1 . 120 
Baba Kul, No. 2 . &O 

. . . . . . 
IssikKuI . 
Sairam Nor . 
SonKul . . 

. . 1 
31 

14 1 . . 
. *  I 

60 I 3400 

* -  I 
I -- - -- - - I Chadir Kul - 

65 
26 
. . 
. . 

14 11191 
- 

... - - . ,  . 

2600 
2590 
. . 
. . 

2000 
200 
102 

115 1 5300 
20 5900 
19 9400 
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TABLE XXXVII1.-The principal Lakes in the Mountain regions surrounding Tibet. 

I Region. I I Area$ap"are / Maximum length 
Name. in miles. 

' Formerly celled Chomto Dong in the report8 and map8 of tks Survny. 
2 a 

1 

P a ~ n r  REGION. Great Kam Kul . 
Rang Kul 
Yeshil Kul 

KUENLUN 

14 
20 
15 

14 
4 
5 

- 

140 
61 
30 

13430 / 756 
12700 6 
12460 I Very deep. 

13398 . . 
12201 / 79 
13021 I . . 

I - - 

38 
26 

S i K u l  (Lake 
Victoria) . I 30 

Little Kara Kul . 10 
Chakmaktin . 8 

11710 , . . 
. . . . I 

/ aide of the 
crest-line). 

AgKumKul . 

I 

250 
240 

46 . . 16 / 19000 
. . 15690 . . 1 15684 

MOUNTAINS. Achik Kul 
I 

250 
67 
. . 

'PUNJAB HIMA- 
1 LAYA : (on I the Tibetan 

14 
15 

. . 

. . 
. . 

. . . . . . . . 

. . . . . . 

-- 

Tso Morari 
Tao Kyagar . 
TBO Kar . 

;_____-- 
PUNJAB HIMA- 

I LAYA : (on 
the Indian 
side of the 
orest-line). 

- 
I 
IKUMAUN HIMA- 
' LAYA. 

I 

- 

Wular . 
. a Dal . 

Naini Tal . 
(A group of emall 
lakes.) 

- -- I 

- - - -- pp 

l1 I 
6187 

4 6200 

1 

I 

. . 6400 

I 

-- - / NEPAL HIMA- 
I LAYA : (on 

the Tibetan 
I aide of the 

crest-line). 
- 

I NEPAL H m .  
LAYA : (on 

I the Indian 
I side of the 

crest -line). 
- 

HIMA- 
LAYA : (on 
the Tibetan 

10 I 19000 

15 1 1 4 ~ 0  

2 

Palgu Tao 1 40 
TaoMotretung* ' / 40 

3 
3 

crest-line). 

- - -- 

. . . . 

I 
I 

I 

- - 

' 
14 15600 
17 
9 . . 

Khewan Tal 6 
Damodur Kund 
Gum (%I . 

Dudh Kund 

L Tigu . . . 
Tao Phomo Chang 
Tso Rombudsa . 

5 

. 

51 
20 
20 
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TABLE XXX1X.-The principal h k e s  of Tibet. 

Koko Nor . 
Nam Tso 
Zilling Tso . 
Dangra Yum Tso 
Yamdrok TSO . 
?dontdm . 
Kyaring Tso . 
KaraNor . 
Nganzi Tso . 
ORng Nor 
Naktaong . 
pangong 
Tearing Nor . 
Tossun Nor . 
Dara Tso . 
Bum Tso 
Mokieu Tso . 
Adaan Tso . 
Manaserowsr . 
Shemen Tso . 
Rakaa Tal . 

- 
1 I 

Name. 
Maximum 

depth in feet. 

I 

Nam Tso is, perhaps, better known to geographers as Tengri Nor. 

Area in square 
miles. 

Yamdrok is the famous ring lake formerly known in geography as Palti,* shown 
f is t  on D'Anville 's map ; it is now known that the water of the lake does not s w o u n d  
the Tungchen mountain entirely ; the mass of the latter is connected with the mainland 
by two isthmuses. 

Table xxxrx contains a list of all the known Tibetan lakes that exceed 100 square 
miles in area. The list is doubtless incomplete and inaccurate ; there may exist in Tibet 
a vast number of lakes that have not as yet been discovered, and the dimensions even 
of those lakes that are entered in the table must be regarded as first approximations only. 

Maximum length 
in miles. 

Many of the lakes of this table, such as Yamdrok, Manasarowar and Koko Nor, 
though situated in Tibet, lie outside the Tibet lake-basin. 

Altitude above 
the sea in feet. 

In addition to the lakes enumerated in table xxxrx there are in Tibet numerous 
smaller lakes of which the Survey of India possesses measurements. 

The area known to be under water in Tibet is 14000 square miles ; the actual 
area under water is comiderably larger than this, 

* Also oalled Piahte and Pede. For Ryder's note on this lake see Qcnerd Report, Burwy o/ India ,  1903-01, Appendix, 
p. xvii ; see also his map, BeogrqAied Jotrmal, Vol. XXVI. 
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The principal exti& lake of Tibet is the Tsaidam depression ; i t  is 300 miles long, 
and its troughjis 100 miles broad, and 40 miles-broad on the flat ; i t  possesses an area of 
12000 square miles of salt desert a t  an elevation of 9000 feet. It is a long flat basin 
filled up with detritus. 

It is interesting to note that throughout the continent of Asia, there is no 
water-parting line between the Indian and the Arctic oceans ; instead of an elevated line 
crossing the central portion of the continent from east to west there is a succession of 
closed basins :-the Tibet lake-basin, the Tarim basin, the basin of Lake Balkash, the 
basin of the Helmand, the Aral basin, and the Caspian. 

No range of mountains can be found-not even a single peak-from which the 
water flows on one side into the Indian Ocean and on the other into the Arctic. The 
absence of a continental divide is probably due to the great distance and to the mountain 
barriers, which intervene between Central Asia and the sea. If the moisture-laden 
winds from the kctic,  Pacific and Indian Oceans could penetrate and give heavy rains 
to Central Asia, the volumes of the Tarim, Helmand, Oxus and Jaxartes would be 
increased, and outleis to the sea would be forced. 
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ON THE ORIGIN OF LAKES. 

Until comparatively recently the origin of the lakes of Tibet was ascribed to the 

The Tibetan Lakes. 
damming of river valleys by the talus fans of their tri- 
butaries; this hypothesis, which was put forward by 

Mr. Drew * to explain the origin of such lakes as Pangong and Tso Morari in Ladak, 
and has even been extended to the valley of Kashmir, was based on the fact that in 
all cases the visible barriers of the lakes are composed of detrital matter. It was, 
however, pointed out by Mr. R. D. Oldham that, under normal circumstances, a main 
stream would in all probability be able to keep its channel open and that unless supple- 
mented by other causes the mere deposition of talus could hardly be considered 
adequate. If, however, elevation of the river-bed were to take place a t  a rate greater 
than the rate of erosion of the river, a barrier would be formed and eventually a talus 
dam would accumulate across the valley.? 

That certain lakes in Tibet have been formed in the manner suggested by 
Mr. Oldham, seems to us probable, and the curious reversal of drainage recorded by the 
writer a t  the head of the Rong Valley in Central Tibet seems only capable of explana- 
tion on the assumption of a rise of the valley-bottom near the former outlet of Yam- 
drok TsoJ but it is doubtful whether this or indeed any other hypothesis can be 
of general application. 

In some cases, as for instance in that of Kala Tso, a lake would appear to have 
been clearly caused by the dammine of a valley by extensive moraine material brought 
down by a glacier from the neighbounn~ mountains, and it is probable that in many 
cases the lake dams must be attributed to glaciers rather than to rivers. 

By a slight modification of Mr. Drew's hypothesis i t  seems, however, that the 
origin of many of the Tibetan lakes might be explained without the necessity for as- 
suming concomitant crustal movement. It has been objected by Mr. Oldham that 
a river would most probably be able to keep its channel open in spite of the material 
brought down by its tributaries. One of the most marked features in connection 
with the development and growth of a river system is the tendency of certain branches 
to grow at the expense of others by cutting into or " capturing " their drainage areas 
and even by actually tapping a neighbouring tributary a t  some point in its course; 
this latter process is known as "beheading." If, therelore, either owing to the behead- 
ing of the main stream or to its own vigorous growth by capture, a tributary were 
to become the predominant affluent of a river system, then owing to its increase of 
volume and consequent increase of transporting power the amount of material brought 

- - 

J u m m  aad Kashmir territorira. 
i R e d r ~ ,  Geological Survrey o/ India, Vol. XXI (1888). p. 156. 
t H. H. Dayden : .lfenwira, Qedgical Buruey of India, VoL XXXVI, pt. 2. 
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.down by i t  would be correspondingly increased. If a t  the point where i t  debouched 
into what was formerly the main valley, the latter were broad and open, its rate of 
flow would be checked and the transported material might thus be deposited to form 
a dam across the valley. Such might indeed have been the origin of Tso Morari in 
Rupshu, the formation of which has been ascribed by Mr. Oldham to an elevation 
.of the river-bed a t  a point below the present dam. This principle, however, would 
not apparently be applicable to Pangong. Here a long and narrow valley holds a 
series of lakes, which were ascribed by Mr. Drew to dams built up by tributary streams ; 
this hypothesis has been rejected not only by Mr. Oldham, but also more recently by 
Mr. Ellsworth Huntington * who regards the valley as a true rock-basin carved 
out by a glacier. Such lakes are not uncommon in other parts of the world, but, with 
the exception of the small lakes in the Kumaun Himalaya, none of those in the Hima- 
laya or Tibet have been hitherto attributed to this cause. 

Thus for the mode of origin of the Tibetan lakes, three hypotheses have been put 
forward : 

(1) the damming of the main valley by the fans of tributaries (Drew) ; 
(2) rise of the river-bed and consequent deposition of material above the bar- 

rier so formed (Oldham) ; 
(3) the filling of a rock-basin previously scooped out by a glacier (Huntington). 

The further suggestion, now made by us, that the damming of the main valley 
may have taken place owing to its conversion into a tributary valley may be regarded 
as a modification of Mr. Drew's hypothesis, and if we add to this the damming of tri- 
butary valleys by moraines of glaciers occupying the main valley, we shall probably 
have included all the causes a t  work to form the more important lakes of Tibet. But 
we are not disposed to think that any single theory can be of universal application : 
thus Kala Tso may be regarded as a type of the first hypothesis (with its corollaries), 
Yamdrok Tso of the second and, according to Mr. Huntington, Pangong is a type 
of the third. 

We have not yet referred to the innumerable tarns found throughout the higher 

Glacial Tarns. 
still glaciated valleys ; these, however, offer no difficul- 
ties ; they are, in almost every instance, merely ponds, 

each caused by the damming up of its valley by the terminal moraine of a retreating 
.glacier. 

Turning now 'from the Tibetan uplands to the lower valleys of the Himalaya, 
we find in Kumaun, nestling among the forest-clad 

The Kumaun Lakes 
hills, a small group of lakes of which Naini Tal and Bhim 

Tal are the best known. Their size is insignificant, but they are of interest owing 
to the rarity of such lakes in the Himalaya. Many theories have been propounded 
to explain their origin ; they have been ascribed to glaciers, to landslips, such as t h ~ t  
which caused the formation of the famous Gohna lake in 1894,t to faulting or other 

.' I'angnng : R glacial lake ": Jour~url o/ O e d w y ,  1'01. XIV (190(51. r;. 599. 
t T. H. Hollsnd: Recoda, Oedogicd Burvry o/ Zdk. Vol. XXVII (1894), pt. 2. 
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earth movements and lastly to removal, by solution, of the underlying rock. The 
first of these theories has now been generally discarded ; the second applies to Khurpa 
Tal and other small lakes near Naini Tal ; but the origin of Naini Tal itself still remains 
uncertain and may be due eikher to the elevation, by sudden faulting or by slow 
and gradual rise of the crust, of part of the lower end of a pre-exkiing valley, or to the 
gradual eatmg away, by percolating water, of the limestone underlying the central 
part of the valley : by this latter process would be formed cavities and "swallow- 
holes," which gradually becoming &larged to underground caves would lead to a col- 
lapse of the surface over a considerable area ; such a process is common when the pre- 
vailing rock is limestone and may be observed on a small scale in many places in the 
hills around Naini Tal.* 

The last lakes to which we have to refer are those of the valley of Kashmir. Here 
we find s great alluvial flat through which the Jhel~un meanders in its sluggish bed 
till it falls into the Wular lake a t  its south-eastern corner. Seen from the high h i b  
to the north, this lake looks like a mere inundated corner of the great Sinagar plain, 
and with its marshy borders bears a most striking resemblance to the typical '',hi1 " 
or " bhil ') so common in the alluvial plains of Bengal. By Mr. Oldham, this small 
and shallow lake, as also that of Dal in the neighbourhood of Srinagar, was regarded 
as an inundated hollow in the alluvial plain, and this theory has been supported by 
Dr. Karl Oestreich in his recent paper on the valleys of the Nodh-West Hima1aya.i 

Dr. Oestreich, however, goes a step further than Mr. Oldham and attributes their 
formation to deposition of alluvial dams by the Jhelurn, thus increasing, the malogy 
to the b& of the Gangetic plain. 

That the lakes of Tibet were once very much larger than they now are is almost 

Desiccation of lakes. 
universally admitted.$ Tbie has been inferred from the 
salt-covered flab and dry basins which are so common 

on the plateau of Tibet, as well as from the old beaches men on the hill-aides far above 
the pr&ent water-level, which show that the lakes once stood many hundred feet 
higher and spread over much larger areas than they occupy a t  the present day. 

Thus i t  has bees reoorded by almost a,ll explorers who have visited the great lake- 
basin of Tibet § that almost every individual lake is surrounded by old terraces 
extending to as much as 200 feet above the present water-level. This feature, too, 
is clearly visible on the shores of the lakes nearer to India, such as Tso Morari, Kala 
Tso, Yamdrok I j  and Pangong, T[ of which the last shows a large series of old beaches, 
which remain as records of the rise and fall of the level of the lake. Much interesting 
information may be gleaned from these old lake terraces and in the case of Pangong, 
- 

C .  6 .  Middlemiss : Hecorda, Qedogicnl Survey of India, Val. XXIII (1880), D. 248. 
t Pelennonn'a Mdteilungen, Erg. No. 155 (1908). 
$ A Man& of ihe AemZqy of India, 2nd Edn., p. 486. 

F. Drew: Jummoo and Kanhmir kwilorka, pp. 292-300. 
R. Lydekker: Memoira. (;redogid S u m y  of India, VO!. XXII, p. ZR 
Journal, Royal Geographical Socictly. Vol. XLVII (1877), p. 107. 

5 G. R .  Littledale: Qmgraphicul Jounwl, Vul. VII (1800). p. 474. 
H. H .  P.  Deauy: In  Tibet and C h i w e  T~crkielon, p. 32. 
C. O .  Rnwling: The &eat Plateau, p. 1 LO. 

!1 H. H. Hapden : Memaire. Gadogied Sttwey of India. Val. XXXVI, p t  2. 
Ellsworth Hnntiqbn : Journal of U d o g y .  Vol. XIV (1908), p. 589. 
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fi. Huntington regards them as evidence of desiccation, i t  is true, but of a desiccation 
that was oscillatory, embracing periods "now drier, now wetter, but the tendency 
" to aridity generally greater than its opponent. " 

That the marked contraction in volume of the lakes is due in many cases to 
' evaporation is proved by the intensely saline character of their waters and, like the 
decrease of the glaciers, it has been attributed to a gradual process of desiccation 
oonsequent on the rise of the Himalayan ranges.* That very extensive desiccation has 
occurred, since the period of greatest extension of the glaciers and the (possibly 
subsequent) great extension of the lakes, may be safely regarded as an established fact, 
but whether such a proceas is still operative is a question which can only be decided 
by regular and systematic observations extending over long periods of time. 
The isolated observations made by explorers during the last hundred years in various 
parts of Tibet are inconclusive, as well as being a t  times mutually contradictory. 
This is especially noticeable with regard to two features, outflow and salinity. 

It has been generally observed that most Tibetan lakes have no superficial outlet, 
but a t  the same time it is by no means unusual to find that there is a well-marked channel 
through the old river gravels which fill the former outlet, and that this channel, 
though dry a t  present, shows evidence of outflow having taken place at  no very distant 
date ; such channels are to be seen-to cite the more familiar instances--on Manasa- 
rowar in Nan Khorsam, and on Tso Motretung and Kala Tso in Tsang. The well 
preserved state of these channels shows that either they have only recently become dry 
or that they are still in intermittent use and the fact that the accounts of different 
explorers regarding the same channel are often mutually conflicting rather lends colour 
to the latter alternative. Hence the presence of a dry channel cannot be taken as 
conclusive proof that desicaation is still in progress, especially as in certain cases-as 
for imtance from Kala Tso--outflow takes place beneath the surface of the deposits 
through which the superficial channel runs. 

Similarly, although the fact that the waters of a given lake are salt may be taken 
ae proof that desiccation has been operative, yet any attempt to establish the contin- 
uance of this tendency a t  the present time is frustrated by the want of systematic 
observations. This is, in fact, even more noticeable with regard to the salinity than 
in the case of observations regarding outlets. There is no doubt that many lakes, 
especially the smaller ones-such as Kyagar Tso and the salt lake of Ladak-are 
permanently and very markedly salt, but in many others the salinity varies in the 
moat striking manner, water found quite undrinkable by one explorer having been 
aubequently regarded aa perfectly fresh by another : a particularly good ' example of 
this peculiarity is furnished by the Aru Tso, which lies in Western Tibet due 
east of Leh. 

This lake w u  visited in 1891 by Captain Bower,? who writes that the waters were 
" salt of course, like all the Tibetan lakes." In 1897, Captain Deasyt remarked that 

R. D. Oldhem: Re&, Qed. Sum. I&, Vol. XXI (1898). p. U7. 
t H. Bower: Acroa Tibed, p. 35. 
$ H. a P. Dsuy: In Tibet and Chinme TurkMlan, p. 31. 
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the water was c'drinkable," whereas in 1903 i t  was found by Captain Rawling* to be- 
" without the slightest flavour of salt or soda." 

It is evident, therefore, that this character is largely dependent on seasonal vari-- 
a t i o w  and, unless proved to be permanent, cannot be regarded as evidence of progres- 
&ve desiccation. 

Admitting, however, that desiccation has occurred to a very great extent in the 
past, i t  remains to be proved whether or no i t  is still operative. This can only be 
ascertained by systematic observations of the water-level and salinity of certain selected 
lakes. If we are correct in ascribing the observed desiccation to decreased rainfall 
due to the rise of the Himalaya, i t  is evident that if such rise is still in progress and 
if the rate of elevation exceeds the rate of degradation, then a steadily decreasing 
amount of moisture will reach the plateau of Tibet ; that is to say, if the Himalaya as 
a mountain system have not yet reached maturity, it is to be expected that desicca- 
tion will still be in progress. When, however, this stage has been reached, i t  may be. 
expected that the rainfall of Tibet will become approximately constant and such varia- 
tions as may be observed will be of merely seasonal significance, and when, finally, 
degradation outweighs growth and the Himalaya pass into a stage of decay, the cli- 
mate of Tibet will become increasingly moist and the lakes and glaciers will regain. 
eome measure of their former grandeur. In this connection observations have recently 
been begun by the Trigonometrical Survey from selected stations near Dehra Dun 
with a view to determining the absolute values of Himalayan heights and thus even- 
tually to detect any variations that may have taken place in the heights of the greab 
peaks : but i t  must be remembered that geological processes are usually so gradual 
as to be almost imperceptible during such periods of time as can be measured b y  
human standards and the many disturbing factors, already referred to in a previous part 
of this paper, may render i t  impossible to detect with certainty such movement as 
may take place in the course of a single century. 

Although the hypothesis of a rise of the Himalaya may fully suffice to accouni; 
for the desiccation observed in the neighbourhood of the mountains and in the greaC 
lake-basin of Tibet, i t  is by no means certain that i t  can be applied to such areas as 
the Tarim basin. The disappearance of lakes in this and similar desert areas, such 
as Baluchistan, has been attributed to the increase and movements of blown sand.$ 
The surface rocks of Tibet are everywhere decomposing, and the several rivers thab 
have their sources in Tibetan glaciers carry down immense loads of sand. The 
annual additions of sand t~ the deserts of Asia are always increasing the amounts 
already accumulated in past centuries. The Tarim basin is becoming choked with 
sand ; almost all its rivers now end in its deserts and fail to reach Lob Nor. The 
sand is always increasing whilst the water is not. 
- - - - -. - -- - - - -- - -- - - -- -- - - 

C. G. Rawling: The Ored Pldaru, p. 1 1 1 .  
t Tt has a h  been pointed out by Mr. Ellaworth Huntington that salinity is largely affected by c;Lmulntion of the writer 

iu s l a b  and s single observation might thus be entirely misleading : see Pangong : a phial bke. J ~ r n d  O/ @&@i?~, 
Vol. XIV (1908). p. 599. 

f S. G. Burrard : Report on Geography to the Board of Scundific Advice for India, 1005-06. 

- - - - - - - - - - - - pp - -- 
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PREFACE 

I N 1807 a Survey detachment was deputed by the Surveyor General of Bengal t o  
explore the source of the Ganges: this was the first expedition to the Himalaya 

undertaken for purely geographical purposes. A hundred years have now elapsed, 
.during which geographical and geological information has been steadily accumulating 
.and we have a t  length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : i t  is therefore desirable to review our present position, to 
.GO-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice a t  the meeting of the latter in May 1906. The pro- 
posal was as follows :-" The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
" these regions. It is therefore proposed to compile a paper summarising the geographi- 
" cal position a t  the present time." 

Subject to the modification that the scope of the paper should be geological as 
well aa geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to  carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts,'as follows :- 

PART I.-The high peaks of Asia. 
PART 11.-The principal mountain ranges of Asia. 
PART 111.-The rivers of the Himalaya and Tibet. 
PART 1V.-The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
.as possible complete in itself and will be published separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 
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The endeavour to render each part complete must be our apology for having 
repeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part 11, when the range was being described, and have 
been mentioned again in Part I11 under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : i t  is not possible yet to arrive a t  correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustratmg the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, B.A., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to  examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 

We have also to express our indebtedness to Messrs. T. D. LaTouche and C. S. 
Middlemiss for their kind assistance in examining proofs of Part IV. 
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THE GEOLOGY OF THE HIMALAYA. 

GEOLOGICAL SUBDIVISIONS-OF THE H1M-4rJ.4Y,4. 

THE rocks of the Himalaya fall into three broad-stratigraphical zones (Pkte 
XXXVIII), namelv - 

(1) an outer or SUB-HIMALAYAN ZONE composed of sediments for the most 
part of Tertiary age ; 

(2) a central or HIMALAYAN ZONE, comprising most of the ranges known as 
the Lesser Himalaya together with the line of high peaks. This is com- 
posed of granite and other crystalline rocks and a great group of un- 
fossiliferous sediments of unknown age ; and 

(3) a northern or TIBETAN ZONE, lying for the most part behind the line of 
high peaks (the axis of the Great Himalayan range) and composed of a 
series of highly fossiliferous sediments ranging in age from the Cambrian 
to the Tertiary epochs. 

The following ta,ble show8 rhe classification and the more important 
subdivisions :- 

E 
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IILE GEOLOGY OF THE HIMALAYA. 

THE SUB-HIMALAYAN ZONE. 

Although i t  is customary in stratigraphical treatises to deal fist with the oldest 
rock-groups,Lit will be more convenient in the present instance to take the three zones 
in their geographical sequence, describing t'hem in the order in which they would be 
met with by the traveller passing from the plains of India to the highlands of Tibet. 
Whether his route lie through the tropical forests of the Da jeeling Terai, the sal-cover- 
ed spurs above Kathgodam, the outer ridges and duns of the Siwalik range below 
Mussooree, or the sinuous tunnels of the Kalka-Simla Railway, he must always cross a 
band of conglomerates, sandstones and clays, which runs from end to end of the 
Himalaya along their outer margin, and is known to geologists as the Sub-Himalayan 
zone. Even should his destination be the valley of Kashmir, he must still cross the 
same zone in the Mmee  hills and through the deep and narrow gorges of the Jhelurn. 

The rocks of this zone fall into two well-marked subdivisions, known as the Sirmur 
Subdioirions of the component and Siwalik series, respectively : these, again, are sub- 

beds. divided aa follows :- 

m i  Upper Siwalik stage. f Siwalik series Middle ,, 
I 

#9 

LO wer ,, (Nahan) ,, 
Sub-Himalayan system . . I 

I Kasau!i stage. 

lSirmor Dagshai ,, 
Subathu ,, 

SUB-HIMALAYAN SYSTEM. 

Siwalkk series. 

The upper, or Siwalik, series is the first rock-group met with in passing ' from the - - 

S i d i k  strica : Upper Siwaliks. 
plains into the Himalayan foot-hills, and takes its name from 
the Siwalik hills, which are composed of the various mem- 

bers of this series. The uppermost stage consists of an immense thickness-many 
thousands of feet--of loosely aggregated conglomerates and soft earthy beds immediately 
underlying, but, as a rule, sharply marked off from, the extensive recent deposits still 
in process of formation along the foot of the Himalaya. Here and there, however, 
where the Siwalik beds have been subjected to comparatively little disturbance, no 
distinct line of division between them and the overlying recent deposits can be found, 
and, owing to  the mutual similarity of composition, we are led to conclude that the 
recent deposits are the direct successors of the Upper Six-alik beds. Both are of sub- 
agrial origin, and both are the direct products of those forces of which the concrete 

are rain and rivers, and which are to-day a t  work, removing material 
kom the mountains to  lap it down again on the plains a t  their foot. To this process 

B 2 



a10 TH-E GEOLOGY OF THE EINALAYA. 

not only the recent deposits, but clearly also the Upper Siwaliks, owe their origin. It 
has further been found that, in the neighbourhood of the debouchures of the great rivers 
of the present day, the Siwalik deposits consist chiefly of coarse conglomerates, whereas, 
in the intervening areas soft earthy beds predominate.* It is clear, therefore, that, 
throughout the vast period of time necessary for the accuinulation of theae deposits, 
the distribution of the main drainage lines of the Himalaya was much as it is a t  the 
present day, and the more important Himalayan rivers are therefore of very great 
-antiquity. 

The Upper Siwalik conglomerates are underlain by a great thickness of a soft, 

Middle Siwalik and Nahan barely coherent, sand-rock,t lying upon a harder but other- 
stags wise very similar sandstone : these two subdivisions of the 
Siwalik series are known as the Middle and the Lower, respectively, the latter being also 
hequently known as the Nahan stage, from its being exposed and having been first 
studied a t  Nahan.$ As already stated, the three stages forming the Siwalik series 
me all composed of sub-aerial deposits which bear internal evidence of a fluviatile 
origin As might, therefore, be expected, fossils are rare, but the two uppermost 
stages have yielded locally large numbers of remains of mammals closely allied to 

Siwalik Fossils. 
species existing in the Himalayan foot-hills a t  the present day. 
These include bones and teeth of such animals as the elephant, 

rhinoceros, tiger, pig, ox and various species of deer.§ Such fossils are by no means 
of common occurrence, but the few localities which have hitherto been discovered 
have yielded them in some profmion. The same belt of Siwalik deposits is known to 
-extend far to the west, through the Punjab into Sind, whilst similar beds, also highly 

- .  

fossiliferous, have been found in Burma. -4lthough there is an extensive literature on 
the subject of the Siwalik fossils as a whole, little is known as to their exact vertical 
distribution or their respective horizons in the rocks in which they occur, and a wide 
field for detailed research still Qxists in this direction. On the whole, however, i t  is 
generally agreed that they are of the same age as the very similar fossils found in Europe 
and known to belong to the pliocene stage of the Tertiary system. 

The beds below the Upper Siwalik conglomerates-the Middle 8iwalik or sand- 

Middle Siwaliks. 
rock stage-are composed chiefly of soft sands of a " pepper 
and salt " colour ; here and there they contain small ma5ses 

of lignite, which have frequently led to expectations of coal ; such expectations, how- 
ever, have invariably proved fallacious, and in all cases the lignite deposits have been 
found to  be merely isolated pocketa of carbonised wood(1 or, in a few instances, patches 
of drifted vegetable matter 7 far too small to be of any economic value. 
- -~~ - - - ~ - -  -~ - ~ - ~ - -  - - -- ~ - p p  - 

+ hianud of the Qeolugy of India, 2nd ed., 358 (1893); H. B. Medlicott, Re&, Gwlogical Survey of Ind&, 
VoL IX, 67 (1876). 

t C. S. hliddlemiss : Memoirs, Geological Surrey of India, Vol. XXIV, p t .  2 (1890). 
$ H. B. Medlicott : Memoirs, Qwlogiml Surtvy of India, Vol. 111; pt. 2 (1864). 
$ Falconer and Cautley : Fauna antiqua sicalensta ; also Palceoniologia Indim, ser. X. 
11 H. B. Xedlicott : dlemoirs, GeoLogical Surrey of India, Vol. 111, pt. 2, 14 (1864) ; C. S. B1iddlemiss: 

Memoire, Qeologiral Surt*y of India, Val. XSIV, pt. 2, 26 (1890) ; H. H. Hayden : Records, Qwlogieal Sunvy 
India, Vol. XXX, 249 (1897). 

g F. R. fiIallrt : di+WWifS, Qcdogical 8wry of  India. Vol. XI, 46 (1875). 
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The lowest, or Nahan, stage differs from the Middle Siwalik in its greater degree 
of induration and, a t  times also, in its colour, the prevail- 

Nahan stage. 
ing tints being brownish and greenish-brown, although 

bluish-grey is not uncommon, especially on weathered surfaces ; the safest criterion by 
which to distinguish the members of the two groups, one from the ot,her, is the greater 
degree of hardness characteristic of the Nahan sandstone, which is capable of being 
dressed into blocks and used as a building material, whereas the sand-rock is much 
less coherent and crumbles away when struck with the hammer. 

Although the three stages of the Siwalik series may be denoted broadly as the 
Lithological characters of the conglomerate, sand-rock and sandstone stages, respectively, 

three stages. yet i t  must not be supposed that each of these rocks con- 
stitutes the whole of the formation of which it is characteristic ; these are merely pre- 
dominant types, and conglomerate is found also in the sand-rock stage, especially 
towards its b ~ s e ,  as well as in the Nahan stage, whilst clay and loam are found through- 
out the whole series, purple and red clays being especially characteristic of the Nahan 
stage. 

Between the Siwalik series and all older beds with which they are found in contact 

Main boundary fault. there occurs one of the most peculiar, as i t  is one of the 
most constant, features of Himalayan tectonic geology, 

This is known as the " main boundary fault," which, probably throughout the whole 
length of the Himalaya, from Assam to a t  least as far as the Beas, occurs a t  the inner 
edge, and so forms the northern boundary, of the Siwalik series. This fault has many 
peculiar and interesting features : in the first place, i t  is not a simple fault, but is of the 
t n e  known as " reversed," along which, in the procfiss of folding, the older rocks have 
been thrust up over the younger, whilst, a t  the same time, the apparent order of super- 
position of the beds on one or on both sides of the fault may be exactly the reverse of 
the order in which they were originally deposited. Whatever be the ultimate causes 
to which the folding of the crust of the earth is due, they resolve themselves finally 
into tangential thrusts acting in opposite directions ; the effect of this is to throw the 
crust into folds, which, a t  first gentle, gradually become more and more compressed 
until the pressure exceeds the breaking strain of the component rocks and fracture 
(faulting) results. This is most readily exemplified by means of diagrams ; on plate 
x x x ~ x ,  figures 1 to 3 represent successive stages in the compression and folding of 
a series of stratified rocks, from their simple wave-like beginning up to the reversed and 
broken flexure which is the key to almost all the complicated puzzles of Himalayan 
structure, not only in the geologically young Sub-Himalayan area but also throughout 
the whole of the mountain masses between India and Tibet, as well as in the ranges of 
Afghanistan. 

If, now, we turn to the actual conditions of the rocks of the Sub-Himalayan zone, we 
find this type of structure clearly shown in the beautiful 

Character of the faults. 
sections traced by Mr. Middlemiss in the area between 

the debouchure of the Ganges and Nepal. Plate xxx~x, figuree 4 to 6, which are 
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reproduutions of Mi.  Middlemiss' sections,* show not only one of these reversed fault 
but a whole series of them (figure 6), each separating one rock formation from another 
and occurring not only among the members of the Siwalik series, but also through the 
older beds of the unfossiliferous and metamorphic zone of the Lesser Himalayan ranges. 
It will be noticed that each of these fractures has taken place along the middle limb of 
the fold, i.e., along the part lying between an anticlinal crest and its complementary 
synclinal trough, and that on either side of the fault the normal order of superposition 
of the beds has, in many cases, been reversed, the younger now appearing to underlie 
and dip beneath the older ; this is a characteristic and constant feature in the relation 
of the beds of the Siwalik series to all older beds and also, t o  n great extent, to one 
another. 

A second point of importance in connection with the main boundary fault lies in the 

Main boundary fault an ori- fact that the Siwalik deposits never overstep this boundary 
ginal limit of deposition. line and are never found among the higher hills beyond, but; 
are restricted to  the zone fringing the foot of the hills. The main boundary must, them 
fore, mark an original limit of deposition of the Siwalik series. Furthermore, Mr. 
Middlemiss has inferred that the reversed faults lying to the south of the main boundary 
are also to a certain extent original limits of deposition for the beds lying immediately 
to the south of each, and that they consequently mark the approximate position of the 
mountain-foot as it was a t  the time of their formation. They were thus " not contem- 
poraneous, but successional," each having been produced or a t  least completed a t  the 
end of the period during which the beds immediately to the south of i t  were deposited.? 
The detailed reasoning and careful observation which have led to the above conclusions 
and which we owe, first, to the genius of the late Mr. H. B. Medlicott, and subsequently to 
the skill and industry of Mr. C. 8. Middlemiss, are too extensive and of too technical a 
nature to be dealt with here, but those who wish to pursue the matter further are referred 
to the original papers.$ An admirable summary, by Mr. R. D. Oldham, of the whole 
question will be found in the second edition of the " Manual of the Geology of India," 
pp. 467 to 471. 

Turning now to  the fiiwalik series as rt whole, we find i t  to consist of an enormous 
thicknkss-averaging over 16,000 feet--of deposits, which, in spite of local uncon- 
formities, are undoubtedly one great conformable and c,onnected formation,§ which 
has been deposited sub-aerially by streams and rivers11 along the outer margin of the 
Himalaya. The deposition of such a great thickness of material must have. occupied a 

Mode of acc-ulation of the vast period of time, during which the area over which they 
Siwaliks. were being laid down was steadily sinking. The cause of 
this persistent movement of subsidewe is still a matter of controversy, and no 

+ Mrmoirs, Geologicai Survey of India, Yol. XBIV, pt. 2 (1890). 
t C'. 9. ?rliddlemism: Jfemt)ira, Geological Surz.cp of India, Vcl. XSIV,  pt. 0, 118, 110 (1890). 
$ H. B. Medlicott : Jfemoirs, Qeological Surzvy of India, Yol. 111, pt. 2 (1864) ; C. S. Rliddlemiss: Yemoirs,  

arnbgicll  S~crcey of India, Vol. XXIV, pt. 2 (1890). 
1 C. S. RIiddlcml~s: dfemoira, aeologicul Survey of Zndiu, 1-01. SXl1- ,  pt. 2, 29 (1890). 
11 IIZanual o/ the Geology of India, 2nd edition, 358 (1893). 
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-theory has been generally accept&, alt-hough that put forward by the Rev. 0. Fisher 
had until recently many supporters. This has already been ably dealt with by Mr. 

Rev. 0. Fisher's the~iy.  
Oldham,' whose modification of the theory seemed to 
satisfy all the requirements of the case. The theory is based 

on the hypothesis that the crust of the earth is comparatively thin, and rests upon s 
zone of material which is either fluid or has the properties of a fluid. As this inner 
portion contracts owingito loss of heat, the crust is left unsupported and, not being strong 
enough to bear the strain due to its o m  weight, will " yieldalong lines of weakness " 
and be " thickened both upwards and downwards " from a zone a t  certain depths 

:below the surface.'-!Above this zone, which has been termed the " neutral zone." 
"the material will, on the whole, be forced upwards and below i t  downwards." Mr. 
Fisher has most ingeniously explained not only the rise of the Tibet plateau but also the 
overfolding of tohe outer border of the Himalaya and the subaidence of the submontane 
tracts, whilst Mr. O!dham's amplification of the argument affords a complete esplana- 
tion of al1:the observed phenomena.? 

Of late, however, physicista have begun to question the validity of Mr. Fisher's 

Dutton's theory of isostasy. 
premises and Major Dutton's theory of isostasy (see above, 
page 48) is now more generally accepted. Major Dutton 

assumes that, owing to:the removal, by rain and rivers, of material from the mountains 
and its deposition on the plains a t  their foot, isostatic equilibrium has been disturbed 
and can be restored only by the rise of the denuded area and the subsidence of that 
portion over whichr-the material has been deposited; we thus have an -planation 

-of the manner in which these vast sub-a8rial deposits may have a c c u m u l a t ~  in areas 
which have for a long period of time been steadily subsiding. 

Simzur series. 

The Sirmur series is, with one exception, not known to occur to the east of the 

Karauli stage. 
Jurnna, but is extensively developed in the outer portion 
of the Lesser Himalaya to  the west of that river. It has 

been subdivided into the three stages already noted (supra, page 209). Of these, the 
uppermost, or Kasauli, stage consists chiefly of sandstone, with subordinate beds of clay : 
the sandstone is grey or greenish in colour, a t  times hard, but, as a rule, rather soft and 
coarse, the upper beds being not unlike the sandstones of the Nahan stage. The appa- 
rent absence of marine fossils, the presence of remains of land plants, and the general 
similarity of the beds of the Kasauli stage to those of the lower beds of the Siwalik series 
leave little room for doubt that the Kasauli sandstone is of fresh-water origin. The 
stage takes its name from the hill station of Kasauli, where i t  is well exposed. 

The underlying Dagshai stage consists chiefly of grey or purple sandstone with beds 

Dagshai stage. 
of bright red or purple homogeneous clay. Both a t  Dagshai 
and on the ridge to the north of that station the beds are 

-- - - - - - - - - -- 
* Xanual of the Geology of India, 2nd edition, 471-477 (1893). 

t Ibid, 473. 
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Subathu stage with the eocene stage of the Tertiary system of Europe * and the 
Kasauli stage with the lower miocene. 

It has already been pointed out that, to the east of the Jumna, the Sirmur series is 
only known to occur in one area. To the east of the 

Its eastan dwelopment. 
debouchure of the Ganges and along the inner boundary of the 

Siwalik series, there is found a most complicated group of beds, amongst which the typi- 
cal beds of the Subathu stage have been recognised not only by their lithological 
characters but also by their fossils.? 

Where the Sirmur series has been found in contact with older beds, the junction 
Relation of Smut saies to between the two has always been found to be either a faulted 

older rocks. or an unconformable one. Nevertheless, from a tectonic 

point of view, this series is more nearly associated with the old, frequently metamorphosed, 
beds of the central zone of unfossiliferous sediments, amongst which its component 
members have been intimately infolded, than with the younger Siwalik series and i t  
extends beyond the strictly Sub-Himalayan hills into the ranges of the Lesser Himalaya, 
whilst, except in the western parts of the Himalayan area, i t  is marked off from the 
Siwalik series by the sharp line of the " main boundary." In all except its purely 
structural relations, however, i t  differs widely in every respect from the old unfossili- 
ferous rocks of the Himalayan zone. 

Refore passing on to deal with the component parts of this latter zone, we must 
refer briefly to certain pre-Sirmur beds which are, from a stratigraphical point of view, 
more nearly related to  this younger series than to the members of the older Himalayan 
zone. These include a small patch of beds immediately underlying the Subathu stage 
in western Garhwal to the east of the Ganges, and certain coal-bearing beds found 
along the southern foot of the Himalaya to the east of the Nepal Terai. The first of 
these is known as the " Tal series," and the latter comprise a small fragment of the 
well-known Gondwana system of Peninsular India. 

The Tal series was first noticed by Mr. H. B. Medlicott in the valleys of the Tal 
and Bedasni rivers, affluentv of the Ganges in western 

Td aeries (Plate XLII). Garhwal,: and was subsequently traced for some distance 
in an easterly direction by Mr. C. S. ~ d d l e m i s s . ~  It comprises two subdivisions : a 

lower of sandstone, some conglomerate and a black carbonacecus shale con- 
taining plant remains, and an upper, indigo-coloured, calcareous grit, a t  times becoming 
a sandy limestone, full of broken mlarine fossils. On normal sections, this series lieu 
immediately below the nummnlitic beds of the Subathu stage, and is therefore older, 

* D'Archiac and Haime : & a p e  nummulitiqw de l'lnde. 
t C .  S .  Middlemiss : Reeo*ds, aeologiccll SwvY of India, Val. XX. 33 (1887), Hemsria, Qeo[ogic51 Swvty of 

I&&, Vol. XXIV, pt. 2 (1890). 
Yemoira, Qrdogual Swwy of India, VoL In. pt 2.69 (1864). 

) R d ,  Qedogicd Survey of IRdiO, Vol. XX, 33 (1887). 
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whilst the fowils, which are unfortunately too badly preserved for complete determina- 
tion, indicate that i t  may possibly be referable to some part of the Jurassic system or 
at least to some member of the Mesozoic group of Europe. It is to be hoped, however, 
that fossils in cr better state of preservation may pet be found in this area, and thus 
.enable us to a~certsin the exact age of this series, which is unique in comprising the only 
iossiliferous marine beds of pre-Tertiary age known to occur in close association with 
t he  unfossiliferous series of the Himalayan zone. 

Along the southern foot of the Eastern Himalaya, from the Ralasan river, which 

Gondwanas in the Eastern 
debouches a t  a few miles to the east of the Nepal frontier 

Himalaya. up to the Dikrang river in the Daphla hills on the Assam 
border, a band of highly crushed coal-bearingrocks has been found. first by Lieutenant- 
Colonel Godwin-Austen* in the extreme east, and subsequently by Mr. F. R. Mallet? in 
the Da jeeling Terai and the Duars, by MI. G. E. Pilgrim$ in the foot-hills of Bhutan, and 
by Mr. T. D. LaTouche$ in the Aka hills. The rocks of this series consist of sandstone, 
shale and coal, which, owing to the intense crushing to which they have been subjected 
during the buildimg up of the Himalaya, have been locally changed to quartzites, 
slates and carbonaceous schists. The coal beds, being the softest, have suffered most, 
and have been rendered so friable that they crumble into powder with the least handhg  ; 
a t  the same time what were once probably continuous beds have been squeezed out 
into lenticular patches ; these characteristics detract largely from the economic value of 
the coal-seams, and have rendered futile all attempts a t  mining enterprise. 9 number 
of fossils have been found in these rocks in the Darjeeling arer and include such well- 
known genera as V & a k  and Glossopteris,ll plants eminently characteristic of the 
coal-measures of BengaL On the whole, the fossils, as well as the lithological charac- 
ters of the rocks in which they occur, offer conclusive proof that these Himalayan beds 
represent the Damuda series of the Lower Gondwana system. The importance and 
interest of this group of beds are obvious, since they afford evidence of the north- 
.easterly extension of the old Gondwana continent. 

How far this belt of Damuda rocks is continuous along the foot of the Eastern 
Himalaya, it is a t  present impossible to say ; but since it 

Distribution of the Gondwanas. 
has been met with a t  most points a t  which the lower hills 

have been visited between the eastern frontier of Nepal and the Dikrang river, i t  is highly 
probable that its continuity is practically uninterrupted, whilst it may not improbably 
extend still further towards the east. The whole of the Eastern Himalaya, however, 
from the Sankos river to the gorge of the Brahmaputra is practically a terra i.ncognh, 
in which much work of absorbing interest still remains for the geographer as well as for 
the geologist. Towards the west also these beds may possibly extend into Nepal, but 
of thin there is no evidence. The only part of the country regarding which we have any 

-- . - ~- ~ - 
* Jown.  A#. 80c. Bengal, Vol. XLIV, p t .  2.35 (1875). 
t Ycmoira, Qdogkal  Sutvey of Zndda. VoL X I ,  14 (1875). 
I Aeco~da, aedogicaL Swuy of India, Vol. XXXIV, 24 (19M1). 
R&, aeobg iw l  S W ~  01 ~ p r d i a .  V O ~ .  XVIII, lfi.2 ( 1 ~ ) .  

'IF. R. 1Iallt.t : .lfenbs;r8, Qedq'col8wwey of i d m ,  Vol. XI ,  SO (:855.). 
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information is the strip bordering the road to Katmandu, along which Mr. Medlicott 
found the Siwalik series well developed, but could not definitely identify any part of 
the section seen by him as being of Gondwana age.* No trace of the latter system has 
been found anywhere along the foot of the Himalaya to  the west of Nepal, the only 
other extra-peninsular area in which plant-beds of Gondwana age have been identified 
being the valley of Kashmir (see below, p. 244). 
- - -- - - -- - - 

* Beconfu, Qcdogical Suntey of India, Vol. VTII. 93 (1875) 
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THE HIMALAYAN ZONE. 

The next great group of rocks, which occupies what is known as the Himalayan 

Distribution and subdivision. 

chain. To visitors to 

zone, forms the bulk of the ranges constituting the Himalaya 
proper, and stretches from end to end of this mountain 

the hill stations i t  is the most familiar, yet a t  the same time the 
least understood, of all the Himalayan rock-groups and its classification still constitutes 
the greatest and most insoluble of all problems of Himalayan geology. It falls broadly 
into two subdivisions, (1) metamorphics, composed of granite, gneiss and crystalline 
schists and (2) a series of fragmental rocks of undoubtedly sedimentary origin, such as 
s l a h ,  quartzites, conglomerates and limestones, which, although frequently, to d l  
appearance, eminently suited for the preservation of fossils, have not yet yielded to  the 
most careful and repeated search a single trace of any undoubted organic remains. 

The absence of fossils throughout the Himalayan zone renders i t  impossible to 
correlate, with any degree of certainty, the various rocks of one area with those of another 
since all attempts a t  such correlation can be based only on the individual peculiarities 
of the rocks themselves, that is to say, on their lithological characters, a method which, 
in  the case of stratified rocks of undoubted sedimentary origin, is always more or less 
unreliable and not infrequently misleading, especially in areas in which disturbance and 
metamorphism are so pronounced as in the central zone of the Himalaya. The result 
of this is that, with rare exceptions, i t  has been impossible to recognise with certainty 
the petrographical elements of one area in those of another, and a large number of appar- 
ently independent rock-groups have consequently been established, each under a purely 
local name, thus giving rise to a confusing variety of subdivisions, no two of which can 
be definitely correlated the one with the other. Of these the best known are the "Simla 
slates " and " Carbonaceous system " in the Simla hills and Mussooree, the " Jaunsar 
system " in Jaunsar-Bawar, the " Purple slates," "Deoban limestone " and " Vaik- 
rita system " of Garhwal and Kurnaun, the " Basa " and " Daling " series in the 
Dajeeling Himalaya and the slates and schists of the Miju ranges between North- 
Eastern Assam and Tibet. 

In contrast with the amount of detailed attention that has been paid to 
the unfossiliferous sediments of the Himalayan zone, the 

Crystalline belt. 
metamorphosed schists and other crystalline rocks have, 

with one exception, been most strangely neglected. This has no doubt been largely due 
to  the fact that  tlie crystalline rocks, as a rule, lie in that " no man's land " between 



THE GEOLOGY OF THE 'HIMBLAYA. 21 9 

the sedimentary Himalayan systems and the fossiliferous b& of -the Tibetan zone, and 
have thus, owing to lack of time and opportunity, failed t.o receive attention a t  the hands 
.of the respective investigators of theae two belts of rocks. The one exception referred 
to is that of the gneissose granite of the Himalaya, which was most exhaustively studied 
.by the late Lieutenant-General C. -4. McMahon, whose work is a monu~nent of patient 

Gneisswe granite. investigation and a brilliant example of the great assistance 
that can he rendered by a non-professional :worker in the 

field of Indian geological research. Of the many valuable results of General McMahon's 
work, the most important of all was the conclusive proof of the intrusive origin of the 
granite, which had hitherto been regarded as a metamorphic rock of ptobablp sedi- 
mentary origin, and, under the name of the " central gneiss,"* had been described as 
the oldest of alllHimalayan rocks, whereas he was able to show that i t  was in reality 
.one of the youngest members of the Himalnpn and Tibetan zones, into whic,h i t  had 
been intruded, and with which it had been intimately infolded, whilst to i t  is due much 
of the metamorphism~of the rocks amongst which it occ,~rrs. The period at  which the 
intrusion oi the Himalayan granite took place is not definitely known, but is us~ially 

A ,  regzrded as approximately coincident wit,h the disturh- 
Age of the granite. ances to which the origin of the Himalaya is ascribed and 

which occurred toward the end of the eocene division of the Tertiary period. 

Fragments of granite have been found among the pebbles of t.he conglomerates 

 re-~arboniferous granite : of in the old " Panjal " rocks of Kashmir (see below, p. 242) 
Spiti and Kashmir. I and in the " Kuling system " in Spiti (infra, p. 234 ) ; i t  
is therefore evident that ganite m u ~ t  have formed part of the land surface 
from which the materials that make up these beds were derived and must conse- 
quently have been older t.han Carboniferous, which is the latest date that can be 
attributed to the Panjals (infra, p. 245). It will be seen subsequently that a t  this 
period the Himalaya did not exist and this old granite must therefore be excluded from 
the term " Himalayan." 

Three other granites are found in the Himalayan region. The best knomn of these 
is characterised by the presence of biotite (black mica) and 

Biotite-granite. 
the absence of the mineral hornblende. It forms almost all 

the high peaks of the great Himalayan range (supra, p. 44) and is the form 
commonly understood by the term " Himalayan granite." -4ssociated with it is 
another granite characterised by the presence of black tourmaline (schorl), pkgioclase 

Schkl-granite. 
felspar and beryl ; this rock occurs in the form of bands 
intruded into the biotite-granite and is therefore younger 

than the latter ;-the-difference in age between the two, however, is probttbly not greni;, ' 
the  tourmaline-granite being perhaps merely the residual portion of the magma which 
still remained molten after the separation of the biotite-granite, in which case they may 
be regarded as merely representing two stages of a single phase of lntruaion. 
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The remaining granite differs markedly in mineralogical characters from both of the 
foregoing and is especially characterised by the presence of 

Hornblende-granite. 
hornblende and sphene. It was found to be common in the 

valleys of the Brahrnaputra and Kyi Chu in the neighbourhood of Lhasa* and has also 
been noticed in the Upper Indus valley in Ladak, in Astor, in Gilgitt and again in the 
FIindu Kush in Afghanistan. In Tibet i t  was regarded as possibly a form of the common 
biotite-granite of the Himalaya modified by the absorption of lime from the rocks into 
which i t  hed been intruded ; but the type has now been found to persist over such a wide 
area that this fixplanation of its origin seems hardly satisfactory, and i t  should perhaps be 
regarded as a definite petrological type. The age of the hornblende-granite is not 
known with certainty ; it has been shown by General McMahon to be older than the. 
typical biotite-granite and was found in Tibet to  be either later Cretaceous or post-Creta- 
ceous. There is, therefore, no great difference in age between these granites and all 
three may possibly have been derived, by a process of differentiation, from the same 
magma, the hornblende-granite solidifying first, the biotite-granite next, and the tourma- 
line-granite last of all. The result of this is that each of the two older is penetrabed 
by veins of the younger. 

It has already been pointed out (supm, p. 44) that the axis of the great Himalayan 
range, the line of highest peaks, lies on a continuous zone 

Extension of the biotite.granite. 
of granite and associated crystalline rocks: this belt. 

extends for some distance on either side of the axis and separates the old Himalayan 
sedimentary systems from the Tibetan zone to the north, a t  the same time eending gut 
ramifications in all directions into bot?~. Thus the granite extends down into Chamba 
on the west, to the Chur peak between Simla and Mussooree, far south into Nepal, 
Dajeeling and the Chumbi valley, and probably composes much of the mountains 
of Bhutan and the unknown regions further to  the. east. 

The associated crystalline rocks can, to a certain extent, be proved to be merely the 
N~~~~~ and origin of the crystal- metamorphosed representatives of the adjacent sedimentary 

line schists ; systems. This is especially the case in the western part of 
the Himalayan belt, as, for instance, in the valley of the Sutlej in Kanltwar, where. the 
kyanite-schiste and garnetiferous mica-schists bordering on the fossiliferous system of 
the Tibetan zone are seen to pass horizontally into comparatively unaltered be& which 
belong structurally to the Haimanta system $ (see below, p. 232). 

Further to the east, in Kwnaun and Garhwal, a schistose series has been dercribed 

their distribution : in Kumaun Ullcier the name of the Vaikrita system,$ part of which i8 prob- 
(Vaikrita system) ; ably of similar origin. Still further eastwards, in Northern 
Sikkim and the h m  Himalaya, this relationship between the granite and contiguous 

in Sikkim and Assam ; 
sedimentary beds is still traceable, but such metamorphism 

- . - - - - - - 
as can be ascribed with certainty to the granite extencis to bu t  

- - - - - - -- - - - - -- 

H. H. Hayden : Memoir~, &logical Survej of Indio, Vol. XXXVI, pt. 2 (1907). 
t C. A. McMahon : Quarterly Journal, Qeological Socidy, Vol. LVI, 340 (19CO) 
f H. H. Hayden : Memoirs, Qedogiccll Surtey of Zndio, Vol. XXXVt, pt. l,Q (1904). 
f C. L. Grieebarh : Memoirs, Beologicd Survey of fndur, Vol. XXIII, 41, 16t) (1801). 
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-a  short distance from the intrusive masses of this rock, and we are not justified in 
-assuming that such rocks as compose the crystalline complex of the Upper Tista valley 
are the result of a single effort of contact-metamorphism. These include such types as 
pyroxene-granulite, graphitic biotite-gneiss and spinel-bearing crystalline limestone, all 
of which occur in the valley of the La-Chen river in Sikkim,* whilst pyroxene-gneisses 
have also been recently found by Mr. L. L. Fermor, of the Geological Survey, in the 
neighbourhood of the Pindari glacier in the dlmora district of Kumaunt and presumably, 
therefore, amongst the rocks constituting the Vaikrita system. 

Between these two areas, crystalline limestone and other metamorphic rocks are 
known to occur in the valley of Nepal,$ and may possibly be 

in Nepal. the representatives of the rocks of the La-Chen valley in 
Sikkim. Crystalline limestones have also recently been brought by Mr. Claude White 
from Bhutan. 

Thus we may regard the crystalline belt as composed of three elements, vzz., intru- 

Origin and relationrhip~ of the sive granite, metamorphic schists due probably to the action 
crystalline schists. of the granite on the rocks into which i t  has been intruded 

and which it has partially absorbed, and. lastly, a series of old peisses, schists, granulites 
and crystalline limestones, of which the advanced state of metamorphism cannot be 
attributed merely to the Himalayan granite. These latter rocks. in fact, bear a marked 
resemblance to certain Peninsular types which are found in Madras, Burma, Ceylon, the 
Central Provinces $ and Rajputana, and which are referred to the Archaean, the oldest 
of all the Indian rock-groups. Far to the west, in North-Eastern Afghanistan, the Siah 
Koh and the mountain ranges to the south and west of Kabul are either completely 
formed of similar types or have a foundation of these old rocks upon which younger 
fossiliferous beds have been unconformably deposited. In  the intermediate areas 
crystalline schists are found in Haznra,ll Gilgit and Kashmir,Y and, though in part 
merely altered representatives of sedimentary beds, probably also include members of 
the Archaean group. 

Thus it is difficult to escape from the conclusion that the axis of the Himalayan 
chain and of the associated ranges to the west is in part made up of true represent- 

- 

atives of the oldest known group of rocks, and that these are merely the northerly 
extension of the similar rocks of the Indian Peninsula. 

Throughout the whole of the Himalaya the crystalline axis is always separated by - 
Sedimentary rocks of the Hima a belt of unfossiliferous sedimentary deposits from the bant! 

layan zone. of Sub-Himalayan rocks which skirts the outer foot of the 
- - - -- - - - - -- 

* H. H. Haydrn : illentoire, Geological Surrey of India, Val. XXXVI, pt. 2 (1907). 
t I W  

H. B. 31edlicott : Recorde, Gwlogiurl Rurczy of Indsa, Vol. \'Ill, 96 (1876). 
3 The pyroxene gneiss found by Mr. Fermor mar th- Pindari glacier is Raid to be indhtinpaiahable from similar 

-ro<k~ from the Centrnl Prov~nces. 
(1 C. S. Middlemiss : Xemorvs, Geological Surrey of Indiu, Vol. XSVI, 46 (1896). 
7 R. Lydekker : Jlentoirs, @enlogical , C ~ r r t ~ ~  of India,  VLI. SXIT. 266 (1qR3). 
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mountains. On the west, in Kangra district, in the Sirnla hills, and thence as far as the 
Nepal frontier, this belt occupies the greater part of the Lesser Himalayan ranges ; to 
the east of Nepal, however, the crystalline mcks approach nearer b the plains and the 
width of the sedimentary belt is reduced (Plate X X X V I I I ) .  In the western areas i t  
consists, as already pointed out, of a number of apparently unrelated groups denoted 
by local names, such as the " Jaunsar system," " Carbonaceous system," '' Deoban 
limestone," " Purple slate and breccia series " and the " Massive limestone." I n  
the east its component members are known as the " Daling " and the " Baxa " 
series, respectively. 

Of the systems of the western area the Jaunsar is regarded as the oldest and is said 
to  lie unconformably on the beds of the crystalline belt.' 

Jaunsar -tan. In  eastern Sirmur the lowest member of the system is 
of slate and limestone, overlain by quartzite. Elsewhere the lower beds are 

not seen, and the quartzite lies directly on the crystalline rocks. Above the quartzites 
is a series of beds of trap, ashes and lava-flows, locally replaced partially by slate and 
limestone. I n  the Bangahal valley and again in northern Jaunsar a peculiar rock, 
composed of large boulders set in a fine-gained matrix, occurs in the lower beds of this 
system ; it bears a curious resemblance to the so-called " boulder-slate " of the Blaini 
series ( Bee below, p. 213 ) and, like it, has been attributed to  the action of floating 
ice, large boulders having presumably been thus carried out to sea, or, a t  any rate, into 
tranquil water in which fine-grained deposits were a t  the same time being laid down. 
This system has not been definitel? recognised out of Jaunsar and eastern Sirmur. 
but i t  may be represented by a series of purple slates and volcanic breccia found in 
western Garhwal to the east of the Gangest and throughout the hills around Naini Ta1.S 

The Jaunsar system in Jaunsar-Bawar is overlain unconformably by a massive 
grey limestone series, which has been named the Deoban 

D coban limestone. 
limestone after the peak of that name north of Chakrata, 

- 

The same limestone overlies the purple slate series of western Garhwal and Naini Tal 
( Plate X L I  ) and a somewhat similar rock has been observed to the south-west of the 
Chur peak between Mussooree and Simla, in the Shnli peak to the north-east of Simla 
and again in Kulu. 

The systems next to be described comprise the most widely distributed and most 
Simla slates and Carbonaceous readily recognised of all the subdivisions of the great complex 

system. of unfossiliferous sediments composing the Himalayan group. 
They are laown as the Sirnla slates and the Carbonaceous system, and have been studied 
in considerable detail first by Mr. H. B. Me&cott$ and subsequently by Lieutenant- 
General C. A. 3IcMahonll and Mr. R. D. Oldham.? The area in which they were first 
- 

+ R. D. Oldham : Recorda, OeologiaI Surcy  of India, Vol. XXI, 131 (1888). 
C. S. Middlemirls : Recorda, Qwlogical S u r z q  of India, Vol. XX, 26 (1887). 

. $ C. S. Middlemius : Recorda, Gwlopical Survey of India, Vol. XXIII, 214 (1890). 
1 tj dlemoira. O w l o g i ~  Survey of India, Vol. 111 (1885). 

; I  Hemdu, Owl( giml Survey of India, Vol. X, 204 (1877), XIV, 305 (1881 ) XV, 34 (1882), X171, 35 (1883). 
' p Record, Geological Surtvy of India, Vol. XX, 143 (1887). 
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examined and on which their description was based is that lying between the inner edge 
of the Sirmur series, to the north of Llagshai, and Simla, but they are believed to extend 
thence both eastwards and westwards to beyond Mussooree on the one side and into the 
Chamha-Dalhousie region on the other. 

The lowest member of the group consists of a series of slate and quartzite, 
well exposed throughout the ridges and valleys to the east 

Simla saies. 
of Simla, and seen al! along the road from Sanjauli Bazar 

to Mashobra as well as on the outer slope of Elysium hill and the spurs below the 
Nall on the north-eastern side of Jako (Plate XL) ; to the visitor to Sinlla the slate is 
no doubt most familiar on the hacks of coolies toiling up the steep " khud " sides and 
plodding laboriously along the Mall. 

The next overlying subdivision is that known as the Rlaini series, so called from the 
Blaini river below Solnn, where it was first studied by 

Blaini series. 
Mr. Medlimtt. This is the most characteristic and readily 

recognised member of the Carbonaceous system and has served as a means of correlating 
various exposures in widely separated areas throughout the Lesser Himalayan ranges. 
It consists essentially of a bed of slate--presumably originally deposited as a fine mud or 
silt-through which are scattered sometimes pebbles of white quartz, sometimes large 
boulders of quartzite and other rocks. The large size of these boulders and the extremely 
fine-grained nature of the matrix in which they lie has led to a comparison of the Blaini 
" boulder-slate " with the " till ' ' or " boulder clay, ' ' a characteristic deposit among 
the pleistocene or glacial beds of Europe, and which was formed by the instrumentality 
of floating ice during the Great Ice Age. Were the till to undergo severe pressure, such 
as the beds of the Himalayan zone have time and again been subjected to, thc: result 
would undoubtedly be a rock very like the Blaini boulder-slate for which a glacial 
origin has consequently also been inferred.* 

The upper part of the Blaini series consists of a thin band of limestone, sometimes 
blue but typically pink or buff in colour. Occasionally this bed is absent, but in the 
Simla area it is almost invariably to be found above the boulder-slate. A conspicuous 
outcrop of the limestone occurs a t  Simla in the steep bank above the Mall, just beyond the 
Lakkar Bazar, whilst the boulder-slate is particularly well exposed a t  the Sanjauli corner 
beyond the Mayo Institute (Plate XL). 

Above the Blaini series is a bed of black carbonaceous shale, which, owing t o  its - 
colour, has frequently been mistaken by the inexperienced 

Carbonaceous shale. 
for coal, and has led to many a vain expectation of the 

discovery of this mineral in Simla on the hill-side above the " Ladies7 Mile." 
This is overlain by a thick series of quartzite and schist, known as the Boileauaani 

w L. 

series in t,he simla area, where i t  forms the greater part 
Boileauganj series. 

of Jako above the Mall and underlies most of the town.7 Its 
- -  -- --- 

Jfanual of the Cfwlogp of India, 2nd edition. 133 (1893). The name " tillite " has recently been introduced 
for indurated boulder-clays of glecial origin and pre-pleistocone age. 

t R. D. Oldham : Reewde, C f e o l v ' d  Survey of Indin. Vol. XX, 143 (1887). 

D 



224 THE QEOLOGF OF THE HIMALAYA. 

thicknm is very variable, ranging from only about 20 feet on the lirol mountain near 
Solan to perhaps a thousand a t  Simla. 

The carbonaceous shale and overlying quartzite and schist (Boileauganj series) 
Rere grouped together by Mr. Mcdlicott, who named them the " Infra-Krd " series, 
on account of the fact that a t  the Krol mountain they underlie a thick band of lime- 
stone which caps both the Krol and the Boj, and which he, therefore, named the 

" Krol limestone." St Simla the Boileauganj aeries is 
Kroi series. 

overlain also by limestone, but with i t  are associated beds of 
carbonaceous shale and igneous rocks, including a gctrnetiferous hornblende-schist, 
which is found on the summit of Prospect hill ; these igneous beds have been regarded as 
altered volcanic ashes, hut their origin is very obscure. In other localities heds of 
basalt have teen found interbedded with the upper members of the Carbonaceous system. 

To the east, in Jaunsar, a thick series of quartzite, which has been named the "Ba- 

Carbon1ce:us system in 
war quartzite," has .been observed in the Tons and Pabar 

J aunsar. valleys ; i t  is overlain by volcanic beds, followeci by car- 
bonaceous slates and limestones, and has been taken to represent the Boileauganj 
quartzite and overlying heds of the Simla area. 

,41so. in Jaunsar, but not in direct contact with the above series, there is a thick . , 
group of quartzite, slate, limestone, conglomerate and boulder- 

Mandhali series of Jaullsar. 
beds, lying unconformably on the Deotan limestone. These 

are known as the Mandhali series, and have been correlated, owing to the presence of 
boulder-beds, with the Blaini series of Simla. A very similar series occurs on the 
eastern flanks of the Chur mountain, where i t  is overlain by carbonaceous slates and 
a thick formation of quartzite and schist exactly like the Boileauganj series ; this 
has been regarded as fairly conclusive evidence in favour of correlating the Bawars 
and Mandhalis with the lithologically similar series of the Carbonaceous system. 

Beyond the Simla area, towards the west, beds regarded as the representatives 

Supposed representative; cf 
of the Blaini series have been found in Chamba ; further to 

the Blaini wries: in Kashrnir the west, in Kashmir, Mr. Lydekker has described a 
and Chitrol ; 

boulder-bed belonging to his Panjal system* as the e-uad 
counterpart of the Blaini rock, whilst certain conglomerates and limestones so 
far off even as Chitral have been referred to the same horiz0n.t 

The rocks described as the Panjal system in Kashmir consist of a thick series of 
deposits composed of quartzite, slate and conglomerate (boulder-beds) below, capped 
by great ~npbsses of volcanic hedr;l, frequently amygdaloidal, which represent old lava- 
flows. These are exposed on the Pir Panjal range, from which they take their name; 
a good section or ?art of them is seen along the cart-road, on the left bank of the 
Jheium between Uri and Baramula ; they also form the hills on which Gulmarg 
8taniis. The upper or volcanic part of the system composes most of the hills sur- 

- - .  

Alemoira, Qeobgieob Srcney n/ India, Vol. XXIl (1883). 
t C. A. Mcllahon : Qua.terly Journal, Geobqic~l  Soc;ety, VoL LVI, 337 (lw), Q B o l q i c d  hiagmMm?, Dec IV, 

Tol. IX, 7 (1902). 
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rounding the Kashmir valley on its northern and north-western erides from Baramula to 
Vihi, and is particularly well seen on the Gilgit road between Bandipur and Tragbal and 
in the immediate neighbourhood of Srinagar. In  an easterly direction the Panjal 
beds are said to extend to Chamba,* where they include the beds supposed to represent 
the Blaini series of Simla. 

Still further westwards, in Hazclra, a series of conglomerate and sandstone has 
been described by Mr. Middlemiss under the name of "Infrrr- 

m Hazara. 
Trias," and has been correlated by him also with the Blttini. 

series of the Lesser Himalayat (Plate XLIX). 

We thus see that the unfossiliferous sedimentary belt is composed of a patch-work 

Age and correlation of the of more or less isclated groups of beds, no two of which can, 
Blaini series. with absolute certainty, be identified one with the other. 
For the most part they consist of perfectly ordinary sediments such as have been 
formed a t  all times during the earth's history, a t  least since its surface was divisible 
into land and water, and are still forming round the coasts and in the seas of the 
present day. Consequently, so far as these deposits are concerned, correlation de- 
pends on the manner of association of the respective deposits ; thus, quartzites over- 
lain b r  carbonaceous shales and limestones in one area are correlated with a similar 
sequence in another. This method of correlation by lithological characters is unfor- 
tunatelv open to many objections and cannot be relied on escept over very limited 
areas. Where, however, n peculiar and uncommon form of deposit occurs in two neigh- 
bouring areas, we are on safer ground in correlating the one with the other, and i t  is chiefly 
this method that hne been employed throughout the Himalayan unfos~iliferous belt. 
The Blaini boulder-slate is generally admitted to be of glacial origin,$ and aa 
boulder-beds of this character, now known as " tillites," are by no means of 
common occurrence, but have been formed under very special conditions, which are 
known to have recurred only a t  rare intervals in the history of the earth, the Blaini 
rock has been regarded as the key to the solution of the mutual relationships of the 
respective members of the sedimentary rocks of the Himalayan zone and, with 
the exception of the supposed boulder-slate of the Jaunsar system, all similar beds 
in this belt have been referred to the Blaini series. Nor has this procedure been re- 
stricted to  the rocks of the Ilesser Himalaya ; i t  has been extended to certain supposed 
bou]der-beds found in Spiti, in the Panjal system in Kashmir, in the Infra-Trias of Haztva 
and even so far afield as Chitral. All these have, by one observer or the other, 
been refefied to the Blaini horizon, and this again has been correlated with the well- 
known Talchir boulder-bed, which is of undoubted glacial origin and which occurs below 
fossiliferous depoaits of known age in the Ralt Range and at the base of the Gondwana 
system of Peninsular India. The Blaini boulder-slate and its supposed representatives 
in other parts of the Himalaya have, therefore, all been referred to the Talchir horizon, 
that is to say, to about the Middle Carboniferous epoch of the European geological 

-- -- 

R. Lydekker : Me-rs, Beological Sutvey of India, Val. XXII (1883). 
t Memoirs, &logical &urz%y of India, Vol. XXVI, 22 (1896). 
f T. EI. Holland: Records, Beologicd Survey of India, VoL XXXVII, 1211 (1908). 
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:ar as Sikkim, now established, naturally accentuates this contrast, and iucreases the suspicion, which 
has recently been growing amongst the members of the Geological Survey, that the Lower Himalayan 
rocks, like those of Bimla, Kumaun nnd Bhutan, are members of very ancient systems of sediments, 
all or in part pre-Cambrian, nothing other, in fact, than northerly extensions of the Vindhyan, Cudda- 
pah and similar old systems of the Peninsula, which have been caught, like the much younger Gond- 
wane beds of Darjeeli~q and Assam, in the great earth-folds that havc produced the Himalayan range. 
That one, two or more stratigraphical stages on the south could be unfossiliferous whilst their equiva- 
.lent9 on the north are fossiliferous might be possible ; that such an accident could be carried through 
cvery geological epoch from Cambrian to Cretaceous is so highly unlikely, that we are driven to regard 
the ingenious and elaborate systems of lithological co~~espondences, which have been propounded to 
distribute the strata of the T,ower Himalayan zone over the standard fosqiliferous scalp, Z L ~  so much 
rnisdireckd, though well intended, mental energy. 

That this solution is a nearer approximation to the truth is becoming yearly more 
and more apparent. It has already been pointed out (supra, page 222) that rocks 
exactly resembling Archaean types of the Indian Peninsula and Burma have been 
found in Sikkim, Kumaun and Afghanistan, and i t  is not unreasonable to suppose 
that thev will also be discovered in the intermediate areas ; furthermore, the Daling 
series of Sikkim and the metamorphic and crystalline rocks of the Miju ranges a t  the 
extreme eastern end of the Himalaya have also been referred to well-known Peninsular 
types * and we are thus led to correlate the Himalayan group with the old unfossiliferous 
and metamorphic beds comprised in the Srchaan and Purana groupst of the extra- 
Himalayan areas, which include such systems as the Vindhpans, Cuddapahq Dharwars 

' 

and that embracing the old gneissose rocks of Rajputana, the Central Provinces, Madras 
and B-a and so to  regard this unfossiliferous belt as a northerly extension of what 
has been one of the most permanent, as i t  is one of the oldest, continental areas of the 
globe. 

The presence, immediately to the north of this zone, of an extensive series of foasili- 
ferous marine sediments, further points to the conclusion 

The Tethys. 
that here lay the southern shores of the Tethys, the sea which 

extended over most of -4sia during Palsozoic and Mesozoic times. Its old littoral 
deposits can still be traced among the beds of the Tibetan zone and prove that much 
of the present Himalaya was a land surface even in early Cambrian times (see below, 
page 250) ; and the unconformities and overlaps found a t  various horizons in the 
Palteozoic systems are indications of the vicissitudes through which this part of the 
ancient continent has passed. 

Exception may perhaps be taken to the correlation of the unfossiliferous Himalayan 
zone with the Archaean and Purana groups of Peninsular India on the ground of the 
absence from the latter 'area of any known glacial deposits of pre-Gondwana age 
resembling the Blaini boulder-slate. -4 somewhat similar rock, however, has beet1 
recorded a8 occurring among the Purana rocks of Rewa.: Certainly no p e s t  11-cight 
- - -- -- - - 

J. Jf. M~clnren: Reeorda, Grological Survey o f  India, Vol. XXXI, 181 (1904). 
t SL! tablc showing chification of Himalayan syswlus : mpra p. 208. 
$ ,lIemodra, Geological Surcey of India, Vol. XXli i ,  132 (1801). 
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can be attached to this observation, since definite proofs of glacial origin, such as stri- 
ation and facetting of the included pebbles, have not been obtained. It nevertheless 
indicates the possibility of a pre-Talchir glacial epoch on the Indian Peninsula. In 
this connection attention may be drawn to the extraordinary resemblance, amounting 
indeed almost to identity, of some of the old pre-Cambrian groups of rocks of India 
those of South Africa : thus the Dharwar system is very similar to the Malmesbury 
series of Africa. In much later times the Gondwanas of India find their exact equivalenb 
in the Karroo system of the Cape, whilst similar mutual resemblances can be traced 
between the Cretaceous deposits of the two areas. The intimate relationship of India 
to South Africa in later Pal~ozoic and Mesozoic times has long been known, * but it 
is only quite recently that the more extensive geological surveys of South Africa 
have revealed the close resemblance between the older rock-groups of the two areas 
and have shown that from earliest times until comparatively recently the geological 
histories of the two areas have been strikingly similar. Many points of resemblance 
also exist between the geology of Australia and that of the Indian Peninsula and the 
recent discovery of boulder-beds of undoubted glacial origin below the Cambrian rocks 
of South Africa,? China: and (?) Sustralia§ render i t  by no means improbable that 
glacial conditions existed also in India in pre-Cambrian times and left their record in 
the form of the Blaini boulder-slate. 

In the eastern Himalaya, the unfossiliferous rocks are represented by the Daling 
and Baxa series. The former consists of green and grey 

Daling srrier. 
silky slate, quartzite and, occasionally, beds of hornblende 

achist. These beds are much -crushed-and contorted, and frequently contain small 
deposits of copper-ore, which have long been mined in primitive fashion by the natives 
of the Darjecling district. The series occupies the lower hills between the crystalline 
rocks of Daqeeling and the Damudas of the foot-hills (Plate XXXVIII, fig. 3) , and 
extends up along the Tista valley into Sikkim ; thence i t  runs eastwards into Bhutan 
and probably continues through the unknown ranges on the north of Assarn.11 

In the foot-hills of Bhutan another set of rocks, composed chiefly of dolomitic 
limestone and quartzite and known as the Baxa series, from 

Baxa series. 
the hill-station of Baxa, is found between the Damudas and 

the Dalings. Neither of these series has yielded any fossils, nor have they any 
special lithological features in common with individual members of the subdivisions 
into which the unfossiliferous rocks of other parts of the Himalaya have been grouped. 

- - 

Like these latter: however, they are now referred to the pre-Cambrian systenls of the 

Manual of the GwlocJy of India, 1st edition, Vol. I(1879). 
t -4. W. Rogem in 10th Annual Re@ of the Bed. Commhim of the Cope of Good H o p ,  162 (1%). 
$ Bailey M'illie, Eliot Blackwelder and R. H. Sargent : Reaeorch in China, pt. 1, 267 (1907). 
8 Rev. R. Howchin : Quarterly Jouml .  BeobghZ Society, Vol. LXIV, 234 (1938). The ape of the ,South 

Auatrslian tillite here ref~rred to is regarded by Dr. Howchin as Cambrian. but all Australian geologieta are not 
Bgrecd upon thia pnint, same considering it to be pert of the Perno-Carboniferous boulder-bed and 80 homo- 
taxi81 with our Talchir tillite. 

i; F. R. Mallet : Jiemoira, Beological Surtry of India, Val. XI ,  39 (1876) ; P. E;. Bose : Records, Geologicz[ 
Burvcy of Izdio. Vol. S S I V .  217 (1891). 
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Indian Peninsula, of which they probably constitute merely an outlying portion. The 
metalliferous Dalings in some respects resemble the Dharwars, whilst the rocks of 
the Baxa series may find their nearest relatives among the members of the Cuddapah 
system. 

Both the Daling a.nd the Baxa series always appear to overlie the crushed repre- 
sent,atives of the Damuda series and also the beds of the Sub-Himalayan zone, which 
fringe the ~outhern mount.ain-foot. For this remon they were formerly regarded 
as possibly younger than the Damudas, but we now know that one of the most persistent 
features of the tectonic geology of the Sub-Himalayan zone is the manner in which the 
younger formations appear to dip below and underlie the older beds in the higher hills, 
a feature which we have seen to be due to recumbent folds and reversed faults ; and 
when we find that each higher member is more metamorphosed and more crushed 
than that below, we may safely assume that the apparent sequence is the reverse of 
the true one and that,, as in the case of the Tal series and associated rocks in western 
Garhwal, the Daling is in reality older than the Baxs series and the latter older theu 
the Danludas. 



THE GEOLOGY OF THE HIYALAYA. 

THE TIBETAN ZONE. 
The most northerly of the three zones of the Himalaya embraces not only the, 

northern part of this mountain range, but extends far into Tibet and comprises one of 
the most complete representations of the geological record to be found in the world, 
ranging, as i t  does, from almost the earliest period of which there have yet been obtain- 
ed any unequivocal organic remains down to the Tertiary epoch. Between these 
extreme limits not a single period remains unrepresented, for, although there may be 
local gaps in one area, these are bridged over in another ; and as a book may be restored 
in its entirety from a number of incomplete copies, so the geological record may, nith the 
exception of a few pages a t  the beginning and a few a t  the end, be pieced together 
from the editions lying open in the mountains of Kumaun, Spiti and Kashmir. 

Throughout the Himalaya, this northern, or .Tibetan, zone is met with almost ., 
everywhere immediately behind the crystalline axis-the line 

Distribution of the zone. 
of high peaks--of the great Himalayan range. It embraces 

the Ladak and Zangskar ranges with their intervening troughs, and extends far to the 
north, probably at  least to the great lake basin of Tibet and possibly as far as the Kuen 
Lun range. It consists of a vast thickness-more than 20,000 feet--of sediments almost 
entirely of marine origin and represented by such rocks as slate, sandstone, conglomer- 
ate and limestone. Along its southern border it is in contact with the Himalayan 
granite, which throws out branches ramifying through and metamorphosing the com- 
ponent members of the sedimentary zone. 

Fossils had long been known to occur to the n o ~ t h  of the great Himalayan range, 

Early work in the the sacred " saligram" * of the Hindus having been identi- 
Himalaya. fied as an ammonite related to those found in the Jurassic 
beds of Europe,.and as early as the year 1831, the presence of genera common in 
the European Paleozoic and Mesozoic systems had been recorded in the Himalaya.7 
No systematic work, however, was undertaken till some years later, when General 
Sir R. Strachey visited the Kumaun Himalaya and Ngari Khorsuml and h id  the 

- - - 

* " s l ig ram " are ammonites brought into India chiefiy from the Jurassic shales of Kumaun, Ngari Khorsum 
and the uplands of Tibet on the northern front~er of Sepal. They are to be found in Hindu temples in India, and 
are also worn as charms. Among the Buddhist of Tibet they are also regarded as having magical properties and 
are used in certain mystic rites. &rat Chandra Des also draws attention to the presence of fo~i l samong the 
offerings to the gods in Dcnsa-ti1 monastery near Ssmye on the Brahmaputra [Joumey lo  Lhacra and Cenlml Tibet. 
edited by W. W. Rockhill, p. 299 (1904)l. 

Gleanings in Science. Vol. 111, 30 (1831). 
$ Spelt R'ari Khor~am in previous park, but the more correct form has now been substituted. We have ex- 

perienced great difficulty in dealing a i th  T i h t a n  names, since no phonetic system has yet been uniremlly 
adopted. I n  the case of Indian names, we have decided, for the snke of consistency, to adopt the orthography 
of the lmperial Gazetteer, but, in dealing with names of Tibetan origin, we feel that this course would lead to 
needless perpetuation of error and have decided to employ the rearest possible approximation to the c o m t  
pronounciation. Thus, according to recogniwd standards of transliteration, the name h'gari Khorsum is written in 
Tibetan (m)Kpn(h)-ri(s) (hlKhor-(g)sum ; the letters in brackets, being silent letters, may be elided, thus 
leaving the name as pronuounccd-Sga-ri Khor-sum. In  the cam of Zangskar, we also follow the Tibetan 
rpellinp in preference to the form " Zaskar" employed in the Imperial Gazetteer ; the Tibetan form is 
Z ~ n g s  (d)kar, which, in Central Tibet, would he pronounced Zang-kar, but in Iadak Zangskar. This ia very 
near the form Zanskar.sanctioncd by long usage, xhich, however,  ha^ latterly been discarded for Zaskar, pre- 
rumably the neareetnpproximation to the Tibetan word that t h ~  Kashmiri i a  capable of. [H. H. H.] 
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foundations of Himalayan stratlgraphical geology. He was followed by Dr. F. fitolinka; 
whose description and subdivision of the fossiliferous rocks of Spiti*-a valley lying to 
the north of Kulu-long served as the basis for the classification of the sedimentary 
rocks of the Tibetan zone. Simultaneously the work of Lieutenant-Colonel Godwin- 
Austen j- and of VerchBreS proved the extension of this zone into Kashmir, and the 
subsequent surveys of Kumaun, Ngari Khorsum and Spiti by Mr. C. L. Griesbachg 
and of Kashmir by Mr. R. Lydekker,ll both confirmed and amplified the results of 
Stoliczka's earlier traverses, whilst the publications of the Geological Survey Department 
bear witness to the amount of attention that the Tibetan zone has received in recent 
years.7 Although much still remains to be done, and we can hardly claim yet to have 
advanced beyond the threshold of Himalayan stratigraphical investigation, neverthe- 
less we have obtained sufficient evidence to reveal the striking fact that, throughout 
almost the whole period covered by that branch of geology known as "Historical 
Geology"-that is to say, that portion of the geological time-scale determined by the 
remains of living organisms--what is now the northern slope of the great Himalayan 
range lay beneath the waters of il sea, which extended over Tibet and stretched a t  ono 
time to China and a t  another to the Mediterranean. Throughout almost the whole 
of this period, the sea-floor continued steadily to subside and thus rendered possible 
the deposition on i t  of those thousands of feet of sediments which have now been raised 
once more into dry land and form part of the highest mountain range in the world. 
This great series of fossiliferous sediment8 falls into a number of natural subdivisions 
which are not of exact adjustment to those oi the European scale. Thus the 

Correlation of the systems of clear line of division which is found in Europe between the 
the Tibean zone with tho* of Palaeozoic and Mesozoic groups does not exist in the Hima- 
Europe. 

laya, where beds of Permian age pass upwards by perfect 
sadation into others with Lower Triassic fossils. There is no break in the continuity 
of the deposits, and i t  is consequently impossible to define exactly where Palaeozoic ends 
and Mesozoic begins. Similarly. a well-marked break in the Indian deposits may be 
bridged over by a perfectly continuous sequence in the rocks of Europe, and i t  has now 
been found impracticable to apply to the one region the nomenclature of the other. 
Hence the natural groups of the Himalayan sequence must for the most part be 
recognised as individual units, characterised by names of their own and referable only 
approximately to European equivalents. 

The most marked break in the Indian stratigraphical sequence occurs a t  the base 
~ l ~ ~ ~ i f i ~ ~ ~ i ~ ~  of the deposits of the Talchir boulder-bed, and this has been adopted by 

of the Tibetan zone. Sir Thomas Holland as a datum line for the classification of 
all the post-Purana rocks, the beds found below this break being included in his 

- -- - - - - . - -- - -- 

Henunnunre, Ceologieal Sun-ey of India, Vol. V (1865). 
t Qwrlerly J o u d ,  C3eolqm.L Society, Vol. XX (1864), XSI (1865), XXII (1566). 
$ Journd, Asiatic Society of Bengal, Vol. X X X V  (1866). XXXVI (1M7). -- 
5 Memoire, &dogid Swwy of lndia, Vol. XXIII (1891). 
1) i%femir8, Cwbgicd S u n q  of India, Vol. XxII (1883). 
7 Pal. Indica, Sariee XV, Vol~. I to V. 
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"Dravidian group" and those above it  in the "Aryan group."* These two divisions 
are clearly marked off from one another in the Salt Range and a h  in Kashmir, but 
there is some difficulty in demarcating them exactly in other parts of t h e  Himalaya ; 
and in the present state of our knowledge of Himalayan stratigraphy the dividing line 
between the two cannot be rigidly laid down. 

The following table shows the subdivisions recognised in the rocks of the Tibetan 
zone :- 

- - 

TABLE XL1.j- 

System or subdivision. I Approximate European 1 equivalent. I 

of conglomerates, quartzites and slates found in the 
Haimanta system. 

Kumaun and Garhwal Himalaya and immediately overlying 
- 

the crystalline schists of the Vailirita system. The passage from the one 
sptem into the other is often quite gradual and no herd and fast line can be 

1 

I 

-- - -. 

I3 
0 
e 
17 

drawn between the two. This is no doubt due to the fact that the Vaihita system 

- -. . ~ i 
TIBETAN ZONE IN SPITI AND KUMAUX (PLATES XLIII, XLIV, XLV). 

Hnimrznh system. I 

The Haimanta system was the name given by Mr. C. L. Griesbachx to a series I 

~- 

KAFWAS of Kashmir ; O s s r r ~ ~ o u s  BEDS of Ngari Khorsum I Pleistocene. 
,Stratigraphicui break. 

NUMM~~LITIC LIMESTONE of Ngari Khorsum ; INDUS VALLEY 1 Tertiary. 
TERTIARIES. 

- -- - 

KAMPA SYSTEM 
- ~ 

FLYSCR of ~ & r i  Khorsum ; CHIKKXM SERIES ; GIUMAL- Cretaceous. 
SERIES. 

- ...~ - -~ - -- ~ 

consists partly of sedimen- beds which have been metamorphosed by the IIimLym 
-- - - -- 

T. H.  Hollad : Trans~.  Yin.  and Gad. I d .  o/ Indta, Vol. I, 48 (lm). 
7 See page 272. 
$ Xemmrt, & o w  Burccy of India, vol. XXIII (1891). 

I SPITI SHALES j JURASSIC of Southern Tibet. I Jurassic. 

-- KIOTO ~AIMESTONE. 
i 3 1 - -  

LILANG SYSTEM. Trias. r g 
- - -  -~ - . . . - - - - .~ - - 

' 4  - ~ - -  

- - 
KULING SYSTEM. 

- .  - -- -- Permian. 
- - . - 

I (in Kashmir) (in Spiti) (in Kumaun) 
Strdigrapliical beak.  

ZEWAN STAGE. Strati- 
Po  SERIES Carboniferous. 

GANGAMOP~ERIS BEDS. KANAWAR graph- 
ical 

Stratigraphical break. - I SYSTEM. / g PANJAL VOLCANICS. LIPAR smres  
- - -- - - -~ - - 

break. 
- 

0 
' Devonian. 

i ~3 NUTH SYSTEM. 

z Silurian. 
Z Stratiqraph icc1.l break. 

I Q  F I Cambrian and possibly in 
< HAIHANTA SYSTEM. i part Pre-Cambrian. 
a" 

-- -. . . - - -- 
I 
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granite and which are in all probability merely the altered representatives of the lowest 
members of the Haimanta systenl (see above, page 220). The greatest development 
of this system is found in the Kumaun and Garhwal Himalaya, but i t  is also seen in the 
mo~mtains to the north of Kulu, in Spiti and in Lahaul. In Elpiti, the uppermost, 
beds have yielded trilobites similar to those found in the rocks of the Cimbrian system 
in other parts of the world.* 

Muth system. 

The beds of the Haimanta system are overlain by a group of beds named by Sto- 
Coral limestone and ,-onglo- liczka the "Muth series." In Kumaun and Garhwal the 

merate. lowest member is a dark coral limestone with imperfect fos- 
sils, said to be of Ordovician age ; this subdivision is not found in Spiti, the slates 
with Cambrian trilobites being overlain unconforrnably by a conglomerate composed 
of pebbles of the underlying rocks. The next bed, both in the eastern and western 

sections, is a red quartzite, the colour of which is very 
Red quartzite. 

persistent and serves as an unfailing guide to the recog- 
nition of this subdivision ; i t  contains no determinable fossils, but is overlain by 

Fossiliferous limestone. 
limestone with corals-including the very characteristic 
species Hdysites catenzclarin-trilobites and hrachiopods, 

such as occur in the Silurian rocks of Europe. Above this is a remarkable band of 
white quartzite, which is a constant feature in Himalayan sections of this part of the 

fossiliferous series. It is known as the Muth quartzite, 
Muth quartzite. 

from the village of Muth in Spiti. -4t its base are some thin 
bands of darker quartzite containing a brachiopod [Pentamerus (?)  oblongus] probably 
identical with a species common in the upper part of the Gothlandian of Europe. No 
fossils have been found in the main mass of the quartzite, which may be of either Goth- 
landinn or Devonian age and probably represents a part of each system. 

Kanawar system. 

In parts of Spiti, but not in the more easterly sections of Kumaun and G~rhwal, 
the Muth quartzite passes up int,o a thick series of limestone 

Lipak series. and shale containing a t  the base fossils which are possibly 
of Devonian age, but in its upper beds a rich fauna characteristic of the lower Carboni- 
ferou (Mountain Limestone) . of Europe. This is overlain by about 2,000 feet of shale 
and quartzite containing two important fossiliferous horizons, the lower of which has 

yielded plant remains and the upper is characterised by 
Po series : Fenestella shales. 

great numbers of Bryozoa, amongst which the genus Penestella 
is particularly common: this bed has consequently been named the "Fenestella 
shales."? It corresponds in age with the Upper Carboniferous of Europe. These two 
groups of beds, the limestone series and the shale and quartzite, have only been found 

-. - - - - - - -- - - 

* H. H. Hayden: dfemoire, Cfeological Slrrvey of India, Vol. XXXVI, pt. 1 (1904). 
t Zbid. 

E 2 
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completely developed in Spiti and Kanawar, being absent from Garhwal and Kumaun. 
The lower series is very well exposed in the valley of the Lipak river near Lio, a 
village on the right bank of the Spiti river just above its confluence with the Sutlej ; 
it has consequently been named the Lipak series, whilst the upper beds, the shales and 
quartzites. are known as the "Po series," after the village of Po in lower Spiti. For 
convenience of reference the two may be grouped together under the name " Kanawar 
system." 

The top of the Po series, which corresponds approximately with the end of the 
Carboniferous period in Europe, marks an important epoch in the stratigraphical his- 
tory oi the Spiti and Kumaun Himalaya. The shales and quartzites pass upwards 
into conglomerates composed of rolled boulders of limestone, slate, quartzite and 

Break in continuity of granite derived from the erosion of the various older rocks, 
above the systun. such a8 the Po quartzites, Lipak limestones and mem- 
bers of the Haimanta system. It is thus clear that before the deposition of this 
conglomerate parts of the sea-floor, on which the older systems had been laid 
down, were raised up to form dry land, which then underwent erosion. Similar con- 
ditions prevailed throughout Garhwal and Kumaun and may have extended even 
further east, but the whole of the Nepal, Bhutan and -4saam Himalaya is still unsur- 
veyed and we know practically nothing of the geological conditions to the east of Kum- 
aun. A group of beds, which has been described as the Dothek series,* a t  the lower end 

of the Phari plain, may possibly cover a part of this period, 
Dothak series in Tibet. whilst fossils of approximately the same age as those of the 

Fenestella shales have been found in rolled boulders in the gorge of the Subansiri in 
Assam? and thus afford evidence of the presence of fossiliferous beds somewhere in 
the  catchment area of that river, but their relations to such older and younger beds 
as may be present are completely unknown. 

In  the Kummm and Garhwal Himalaya the whole of the Po series, as well as the 

Abrenc.. of systun Lipak series, is wanting, and the overlying beds rest usually 
from Kumaun. on an eroded surface of the Muth quartzite or, more rarely, 
on the underlying limestone. In Spiti and Kanawar extensive erosion took place 
throughout the greater part of the area before the deposition of the conglomerate 
which occurs above the Po series, but a t  both the upper and lower ends of the Spiti 
valley, the Lipak series and the Po series have been preserved. 

Kding system. 

The next overlying series was first observed in Spiti by Stoliczka, who named i t  
the Kuling series.$ It consists of conglomerate a t  the base overlain by calcareous 

- . -  - - -  - - - -- 

* H. H. Hayden: Memoirs, Ueological Survey of India, Vol. XXXVI, part 2 (1907). 
t 5. M. Maclaren : Records, Qeoloqicul Surrey of India, Vol. XXXI, 186 (1904) : C. Diener : aid, Vol. XXXII. 

189 (1905). 
Hernotie, Qcolopieal Surrey of  India, Vol. V, pt. 1 (1865). 
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sandstone which is covered in turn by a bed of black shale-about 150 feet thick-known 
.as the " Productus shales " * on account of the predominance in i t  of brachiopods, 
which were originally referred to that genus. In  Kumaun and Garhwal the presence. 

of the conglomerate and overlying calcareous sandstone has 
Productus shales. 

not been recorded, but the Productus shales appear to lie 
directly on one or other horizon of the older systems. The fossils of the Prductus 
shales are numerous and well preclerved, and this horizon, together with the underlying 
sandstone and conglomerate, is regarded as approxinlately equivalent to the Permian 
system of Europe. 

The next overlying beds show a distinct change both in the character of the com- 
ponent rocks as well as in the fauna that they contain ; for whereas the predominant 
elements of the Kuling system are shallow-water coastal deposits, such as conglomerate, 
sandstone and shale, containing the remains of brachiopods. the next group of beds 
consists chiefly of limestone, deposited for the most part in deeper water beyond the 
reach of the sand and mud derived from the neighbouring land. The fauna, too, 
comprises chiefly ammonites, with only a comparatively small percentage of brachio- 
pods. The change, though rapid, is by no means abrupt; marine conditions still 
prevailed, but the sea-bottom slowly subsided and what was formerly a comparatively 
shallow-water area now became deeper and further removed from the shore. There 
was no interruption of continuity of deposition on the sea-floor nor any n&en change 
in the character of the deposits. It is consequently impossible in the Himalaya to dram 
any hard line between the top of the Pal~ozoic group and the base of the Mesozoic, 
the passage from one to the other being perfectly gradual. The Productus shales 
pass up into an alternating series of thin bands of shale interbedded with equally 
thin bands of impure limestone ; as the series is followed upwards, the calcareous 
element increases and the shale disappears and thence there extends to  a ver- 
tical thickness of over 6,000 feet a perfectly uninterrupted group of deposits of which 
the predominant rock is limestone, with subordinate bands of shale and sandstone. 
This vast series of marine sediments comprises representatives of all the members 
of the Mesozoic group of Europe, which can be readily identified by means of the numer- 
ous fossils that they contain. The most important subdivision, both in point of thick- 
ness as well as of fossil contents, is the Lilang system, which is over 3,000 feet thick 
in Spiti and rather less in the Kumaun and Garhwal Himalaya. The base of this 
system is regarded as lying immediately above the Prductus shales and beneath a 

thin band of limestone known as the Otoceras zone, so called from th; prevailing genus 
of ammonite found in it. The lower beds of the Lilang system correspond to the Lower 
Trias of Europe and possibly in part to the uppermost subdivision of the Permian 
system. They consist of thin bands of limestone and shale, passing upwards into s 
thick bed of nodular limestone. Part of this latter bed, together with a series of bands 

- - - - .- - - - - -- - - . -- - -- - - 
Memoira, Uwlogicnl Suwq of India, Vol. XXIII, 66 (1891) ; XXXVI, pt, 1 (1904). 
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of limestone separated by thin partings of shale, represents the Muschelkalk of Europe, 
whilst the remainder of the Middle Trias, the Ladinic stage of Europe, is represented 
by shale and limeatone containing the characteristic European fossil DaoneUu Eommeli. 
Above this, again, are representatives of the carnic and juvavic stages of the Upper 
Trias (for correlation see below, p. 239). 

K iota Limestone. 

Prom Spiti eastwards as far as the western frontier of Nepal, the Zangskar range 

Kigto L~mestone. 
is usnally capped by a greet mass of limestone, over 2,000 
feet in thickness, which is for the most part unfossiliferous, 

but the l~ppermost beds contain a rich Jurassic fauna. whilst those a t  the base 
contain bivalves (Meqdodon and Dicerocardium) characteristic of the Upper Trias. 
The upper part was named by Stoliczka the " Tagling limestone " and the lower the 
" Para limestone," of which the Tagling was intended to represent the Jurassic, and the 
Para the Triassic, part. IJke most of the other Himalayan formations, however, this 
limestone mass cannot be subdivided according to the European scale ; it is a well- 
charcterised stratigraphical unit in which it is impossible to say where the Triassic part 
ends and the Jurassic begins. It is therefore necessary to have a single name for it, and 
in recent publications of the Geological Survey it has been referred to as the '. Grey Lime- 
stone," * in which term was included the whole limestone mass between the top of the 
Quartzite series of the 1,ilang system and the base of the Spiti shales. Unfortunately the 
term " Grey limestone ' ' had already been applied to a subdivision of the Nummulitic 
series in Hazara i and to employ it $so for the limestone of Spiti and Kumaun would 
lead to confusion. The latter might appropriately be called the " Kioto limestone," as 
it is well seen in the cliffs behind Kioto in upper Spiti. Of its two subdivisions the name 
Para stage is restricted to the beds containing Mqdorlon and latterly known 
as the " Megalodon limestone," i whilst the Tagling stage includes all the reat. 

All the subordinate stages of the European Trias have been recognised by their 
fossils, but the perfect continuity from base to summit of the stratigraphical sequence 
of the Mesozoic group in the Himalaya, where a single mountain-side not infrequently 
affords a complete section from the Productus shales to the top of the Spiti shales, 
renders it impossible to define the exact linlits corresponding to those of the stages 
of the European Trias. The classification of the Himalayan sequence is, themfore, 
based on the natural subdivisions of its component beds which, according to their f o d  
contents, can be approximately referred to their European equivalente. Such corre- 
lation is facilitated by the large number of characteristic European species, particularly 
of ammonites, found also in the Himalayan Trias. The general resemblance of the 
fauna of the Trias of the Himalaya to tha$ of the Alps is indeed so great as to lead to the 

+ A. von Krafft : 3fenwir8, Geological Survey of India, Vol. XXXII, p t .  3 (1902) ; C. Diener : Pal. Zndica, 
XV,Vol. V, No. 3 (1908). 

t C. S. Middlemiss:  memoir^, Geological Surtvy of India, Vol. XXVI (l8Utij. 
$ 8. H. Hayden : Memoirs, .Geological Survey of India. Vol. XXXVI, pt. 1 (1904) ; CSLDientr : np. c;f. 
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conclusion that during the Triassic epoch, the sea, known as the Tethys, which extended 
over much of Asia, was continuous with that in which the Trias of the Alps was being 
laid down, and that thus intercommunication took place between these two areas. 

Spiti shales. 

In Spiti? as well as in the Garhwal and Kumaun Himalaya, the steep limestone 
cliffs (Kioto Limestone) of the Zangskar range are usually 

Spiti shales. 
capped by undulating downs covered with black friable 

shales. These are known as the Spiti shales and have yielded large numbers of ammonites . 

and belemnites of Upper Jurassic type.* 

Giumal and Chikkim series. 

Here and there, resting on the Spiti shales, lie beds of sandstone, occasionally capped 
by limestone and shale ; these are known as the Giumal sand- 

Giumal and Chikkim series. stone, Chikkim limestone, and Chikkim shales, respectively, 
and have been so named after t,he villages of Giumal and Chikkim in Spiti ; they 
have yielded few fossils, but such as have been found are of Cretaceous age.? 

The above short description of the Paleozoic and Mesozoic rocks of the Tibetan 
zone is based on their development in Spiti and in the mountains of Kumaun and 
Garhwal, in which areas they have been studied in greater detail than elsewhere, whilst 
the sequence from the base of the Haimttntas to  the Chikkim shale is the most complete 
and continuous yet observed in any part of the Himalayan region. Even in these areas, 
however, much still remains to be done, especially in the direction of a detailed study 
and subdivision of the Kioto Limestone which embraces the uppermost Trias and 
the greater part of the Jurassic aystem. 

The change from limestone to Spiti shales and Giumal sandstone m a r h  the - 
beginning of a new phase in the geological history of 

End of marine and beginning 
of continental phase in the the Himalaya and Tibet. The Tethys gradually began 
Himalayan area. to recede, it8 southern shores crept slowly northwards and 
areas, which, throughout almost the whole of the Triassic and lower Jurassic periods, 
had lain beneath a dear and tranquil sea, were now brought within reach fint of 
mud and silt and then of sand and grit carried down by rivers from the south. 
Gradually the sea retreated until the northern ranges of the Himalaya and the whole 
of Tibet became a continental area. During the progress of this change, however, 
-- - - . - - -- 

a F. stol iczh : Menoire, Qeologicnl Survey of India,  Vol. V. (1865) ; V. Uhlig : Pal. Indica m. XV, Voj. 1~ 
(19lf3i 

t F'. Stoliozka : q. tit. . , 
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de?osition continued for some time in Ladak, Ngari Khorsum and Central Tibet ; the 
deposits thus formed are of lower Tertiary age and are partially marine and partially of, 
fresh-water or estuarine origin. The former are found in Tibet and in Zangskar and the 
latter in the Indus valley in Kashmir. In Zangskar these Tertiary beds are repre- 
sented by a mass of nymmulitic limestone found a t  an elevation of 18,500 feet on 
the peaks above the Singhgi La,* whilst., further east, nummulitic limestone is said by 
Mr. Griesbach to overlie the Cretaceous beds in Ngari Khorsum, to the north-east of 
the Niti Pass.? The Tertiary rocla of the Upper Indus valley and of the more 
easterly portions of Tibet will be referred to subsequently (infra, p. 245). 

None of these beds are younger t,han eocene, the oldest subdivision of the Tertiary 
system, and they thus furnish us with an approsinlate date for the close of the marine, 
and the opening of the continental, phase in the history of the Indo-Tibetan area; 
this date may be placed in the latter part of the eocene period of the Tertiary epoch. 
The crustal disturbances which then took place, resulting in the rise of the land and 
retreat and disappearance of the sea, were accompanied by great volcanic activity, 
evidences of which are now to be seen in t.he lava-flows associated with the Tertiary 
deposits and in the dykes of intrusive rock found cutting through all the older sedi- 
mentary deposits. 

The annexed table shows the detailed classification of the Aryan and Dravidian 
rocks of Spiti and Kumaun.1 

Before passing on to discuss the development and distribution of the Paleozoic 
and Mesozoic beds in other parts of the Himalaya, i t  is necessary to refer to a very pecu- 
liar group of detached blocks of limestone and other rocks found in the extreme north. 
of Kumaun on the Indo-Tibetan frontier and beyond in Ngari Khorsum (Hundes). The 
culminating rldge of the Zangskar range in Malla Johar and the northern slopes of the 
same range a t  Chitichun in Ngari Khorsum are composed chiefly of Spiti shales overlain 
by a sandstone formation (the equivalent of the Giumal sandstone of Spiti! which passes 
upwards into a series of sandstone and shale (probably of Cretaceous age) exactly resem- 
bling the European " Flysch." Overlying these and resting sometimes on the Spiti 
shales and sometimes on the flysch, and inextricably mixed with, and embedded in, masses 
of andesite and other basic volcanic rocks, are innumerable blocks of sedimentary rock, 
varying in size from mere pebbles to masses of many thousand cubic yards in volume. 
Blocks of limestone, sandstone, Spiti shale and flysch lie scattered through the volcanics 

* T. D. LnTouche : Records, Qedog'cal Surewy of India, Vol. XXI, 160 (1888). 
t Afemoira, Qwlogical Survey of India, Vol. 3x111 (1891). 
$ A. von KrefFt : Oenerd Report, Geological Surtvy of India, 1899-1900 (1901) ; 

H. H. Heyden: bfemoira, Bedogical S u r q  of India, Vol. XXXVI, pt. 1 ( 1 W )  ; 
C. Dienor: Pa!. Zndica, wr.  XI', Vol. V, KO. 3 (1903). 
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SBDIMENTABY BOCKS OF TEE T I B ~ A N  Z O N ~  I N  SPITI AND KUMAUN. I I 

''Flpsch" of Kumaun and Ngari Khorsum. 
"Chikkim shales." 
"Chikkim limestone. " 
"Giumal sandstone. " 
"Soiti shales. " 

I Equiwlents. 

LIME- "Para s t m .  " 

I Nummulitic limestone and Volcanica of Kumaun and Ngari 
Khorsum. 

BTONE. 

LILANCJ 

E ~ ~ ~ .  

- 
"Quartzite series" with &rigera mcani4mis (Kraff t). 
"Monotis shales" with Mondis salimrrka (Schlotheim). 
"Coral limestone" with many corals and Spiriferina griesbachi 

(Bittner). 
"Juvavites beds" with Juvavites angulatus (Diener). . 

KANA- 
WAR 

BYSTEM. 

- -- 

MUTE 
SYBTEM. 

HAI- 
MANTA 

snmeu. 

" Tropites beds" with Tropites cf. subbullatus (Mojsisovica). 
"Grey shales" with J o a n n h  @formis (Wulfen). 
"Halobia beds" with Halobiu cf. cmnata (Bittner). 

SYSTEM. "Daonella limestone" with Daonelh indim (Bibtner). 
"Daonella shales" with D m U a  lommli (Wissman). 

I "Muschelkalk ;" limestone with PlychitPe rup'fer (Oppel). 
"Nodular limestone. " 
"Hedenstrsmia beds" with Hedenshcemia nuy&ovi& (Diener). 
"Meekoceras zone" with Meekoceras varaha (Diener). 
"Ophiceras zone" with Ophioeras eakuntala (Diener). 
"Otoceras zone " with Otocmas woodmrdi (Griesbach). 

"Productus shales" with Xenaspis and Cyclolobus above and 
Marginifera himalayensis (Diener) below. 

F 

- - 
-. - 

"Po series" includmg "Fenestella shales" with Prdoretepora 
arnpla (Lonedale). 

"Lipak wries ;" chiefly limestone with SyringdhynP cusprdcrta 
(Martin) above and Atrypa aspera (Schlotheim) below. 

K r n ~ ~ a  , BYSTEM. 
I - 

CARBONIF- 
EROUS. 

DEVONIAN. 

"Calcareous sandstone" with Spirifer faseipr (Keyserling) and 
S~irifer  marcmi (Waagen). 

Conglomerate, grit and sandstone. 

"Muth quartzite" with Pentamema cf. ob-wr (Sowerby) at  
base . 

Limestones with Trilobites, Brachiopods and Corals (including 
HalysiteS catenularia Lamarck). 

' 'Red quartzite. " 
Conglomerate in Spiti and coral limestone in Kumaun. 

- - -- 

Slate, quartzite and limestone with trilobites. 
Blue and black slate (weathering bright red), with carboneaeons 

shales. 
Slate and quartzite. 
Conglomerate in Kumaun,-absent from Spiti. 

hmzIAN. 

CAmRIA~ and 
( 9 )  PRE-CAM- 
BRIAN. 
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with no trace of regularity or arrangement, whilst the jumble becomes the more con- 
fused when the fossiliferous character of certain of the blocks reveals the striking fact 
that  almost every stratigraphical honzon from Permian to uppermost Cretaceous finds 
its representative in one or other individual block. Unfossiliferous blocks prevail, 
but those which contain fossils have yielded specimens both sufficiently numerous and 
sufficiently well preserved to leave no room for doubt as to the particular horizon to 
which each belongs. When, however, we compare them with the corresponding horizons 
of the typical Palaeozoic and Mesozoic sequence of Spiti and Kumaun, they are found to 

i show a very marked difference both in their physical character and in the fauna that 
' they contain. Thus the curious fact is revealed that in one and the same area, and 
I almost in contact with one another, there are two distinct facies of Permian, Triassic 
and Jurassic rocks, the one being the typical Spiti-Kurnaun facies and the other that of 
the exotic blocks. The latter, therefore, cannot be merely fragments of the underlying 
beds which have been krought into their present anomalous position on the top of beds 
younger than themselves by a simple process of faulting to which the origin of certain 
of the European " Klippenziige " or "blocs exotiques " has been ascribed ; but 
they must have been transported from some other area, where the upper Pal~ozoic 
and Mesozoic facies is different to that of the tppical Tibetan zone. Such an area may 
possibly be found to lie to the north, in Ngari Khorsum, which is still a terra incognita, 
but perhaps contains the solution of one of the most interesting problems of Indian 
stratigraphical geology. 

The invariable association of these exotic blocks with great masses of lava and other 

Mode of origin of the exotic volcanic rocks of sub-aerial origin affords a clue to the 
blocks. manner in which they have been transported to their pre- 
sent position. During the great outburst of volcanic activity which took place 
througho~~t the northern parts of the Himalaya and in western Tibet in early Tertiarv 
times, these blocks were torn by the disruptive forces from their parent mass and 
carried on the lava-flovs far to the south of their original home.* 

MTe shall now try to follow the Tibetan zone from the typical areas of Spiti and - 
Kumaun into other parts of the Himalaya. We have already seen that in these two 
districts the only points of differenre in the oldest (Dravidian) group of the fossiliferous 
roqks is the absence from Spiti of the Lower Haimanta conglomerate and of the coral 
limestone which occurs a t  the base of the Muth system in Kumaunt and the presence 
iu lower Spjt,i of an extensive series of beds, the Kanamar system,$ which has not 

been foumJ in ally part of I<umann. 
-- - - - 

A. von Krafft : dlemoirs. crological Swrf+y of  India, Val. XXXI1. pt. 3 (1902). For other literature on the 
sbbjcct of the E-xotir block8 see H~rorda. Gpohgical A'rirl+y of India, Vol. XXVI. 19 (1893), L)m&~hr. d. k. AM 
w,c%., LSII, 5.33 (1895) ; Jlemir8 ,  Qeologicnl Surtry of India, Val. XXVIII, 1 (1895) ; Pal In&-@, Wr.  XV, 
Vo]. I, pt. 3 (1895): Vol. 11, pl. 3. 

' t Memoirs, Qeological Surrey of Indin, Vol. XXIII (1891); XXXVI, pt. 1 (1904). 
$ Jfemoira, Qedogical Suruey of I d i u ,  VoL -LYJ;VL pt. 1 (1904). 
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The development of the Arynn group is almost identical in the two areas, but in 
Kumaun the Lilang system is not quite so thick as in Spiti. AB the Tibetan zone is 
followed south-eastwards towards Nepal, this thinning out of the Lilang system (Trias) 
is very marked, the total thickness in Byans being only 2,000 feet as compared with over 
3,00(! feet in Spiti. East of Kumaun practically nothing is known of the Tibetan zone 
until we reach the northern frontier of Sikkim, where there is a very extensive develop- 
ment of Jurassic beds, which appear to cover almost the whole of this part of 
Tibet from Sikkim and Bhutan on the south to beyond Lhasa. The limestones of the 
Lhonak range, north of Kinchinjunga, and a small group of limestones a t  the south- 
eastern edge of the Phari plain, probably represent parts of the Trias and theLias of 
Europe, and the hills which run from Kam-pa Dzong to Tuna contain an interesting 
group of limestone and shales (Ram-pa system) of Cretaceous and Lower Tertiary age.* 
The fossiliferous boulders of Permo-Carboniferous age, found near the mouth of the 
Subansiri river in Assam, have already been referred to (supra, p. 234). 

Thus we see that little is known of the Tibetan zone to the east of Kumaun, but 
i t  is highly probable that Mesozoic rocks (chiefly Spiti shales and other Jurassic beds) 
run continuously eastwards along the northern frontiers of Nepal and Bhutan, possibly 
even as far as the gorge of the Brahmaputra. 

Returning once more to our central area and proceeding north-westward and west- 
ward from Spiti, we find an extensive development of the Tibetan zone in Kashmir. 
In the year 1883 Lydekker published an account of the geology of Kashmir and adjoin- 
ing territories,? based on his own surveys and upon the work of previous observers, 
amongst whom the names of Drew,$ Godwin--4usten,$ Verch6re /I and Stoliczka 7 
are conspicuous. This work was completed before detailed surveya of Spiti and Kumaun 
had been carried out and his classification of the rock-groups of Kashrnir is on broader 
lines than that since adopted for the latter areas. He recognised four main systems in 
the rocks of Kashmir, viz. (1) " Tertiary," (2) '' Zanskar," (3) " Panjal," and (4) "Crys- 
talline and Metamorphic." 

The crystalline and metamorphic rocks, which consist of granite, gneiss and 
schist, cover the greater part of Northern Kashmir, including 

Crystalline rocks ; Baltiutnn, and run west-wards through Chilas and Gilgit 
into the mountains of Afghanistan. Towards the east the? run through northern 
Ladak and probably continue thence through Westfern Tibet (Rudok) and Churnurti 
into the monntainous regions north of lake Manasarowar and the head-waters of the 
-. -- 

* Memoirs, Geological Swv,ey of India, Vol. XXXVI, pt. 2 (1907). 
t biemoira, Geological Surrey of India, Vol. XXII ( 1883). 
$ The Jummoo and Kashmir territories (1875). 

Quarterly Journal, Geological Society, Vol. XV, 221 (1869), XX, 383 (18M), XXI, 492 (1865h XXII, 29 
(1866), Journal, Royal Geographical Society, XXXI, 30 (1859). 

[ I  Jou+nol, Asiafic Society of Bengal, Vol. XXXV, pt. 2 (1866), XXXVI, pt. 2 (1867). 
7 M-r8, C- Surzzy of India, VoL V, pt. 1 (1865), pt. 3 (1866). 
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Brahmaputra. In Eastern Kashmir they constitute much of the district of Zangskar, 
eending out a nar r~w arm south-eastwards through Lahaul to join the RimilcLr mcke of 
the great W a y a n  range between Kulu and Spiti, and thus merging into the crptal- 
line axis of the Himalaya. 

In  south-west Kashmir a narrow strip of crystalline rocks runs along the Pir Panjal 
range, forming a narrow tongue protrudmg from the wider crystalline area of Chamba 
and the Dhauladhar range, which, again, is an offihoot from the crystalline axis of the 
Himalaya. 

The prevailing type amongst the rocks of this series both in Zangskar and in the 
Pir Panjal is the characteristic Himalayan biotite-granite, and these two crystdine 
meas are the result of the bifurcation of the hitherto unbroken central zone of the 
Himalaya. The crystalline zone, which crosfes the Sutlej, as a single broad band, &om 
cad west, splits up in Kangra district into two branches, one of which, following 
the range between Kulu and Spiti, runs through Lahaul into Zangskar, where it ends 

in the Nun Kun peaks. The other branch, stillmaintaining 
their distribution. ' : 

much the same trend, passes through the Dhaulrtdhar range 
into the Pir Panjal, where it thins out to a narrow strip, separated only by a band, of 
insigdicant width, of pre-Tertiary rocks from the Sub-Himalayan zone of Jammu and 
the Munee hills. 

Between these two branches of the crystalline zone lies a broad area oE sedimentary 
rocks belonging to Lydekker's " Pnnjal " and " Zanskar " systems, which correspond 
approximately with the Dravidian and Aryan groups, whilst along the north-east of 
the Zangskar branch runs the direct continuation of the Tibetan zone of Spiti Through- 
out Kashmir the sedimentary beds continue north-westwards until they meet the 
great crystalline complex of Baltistan, Gilgit and Chilrtd. 

The outermost strip of sedimentary beds, which lies between the Sub-Himalayan 
zone of Jammu and Murree and the crystalline axis of #e 

" Panjal " system ; 
Pir Pnnjal range, has been included by Mr. Lydekker 

partly in his " Zanskar " system and partly in the " Panjal " aystem, which latter takes 
its name from the Pir Panjal range. 

The " Panj 31'' system includes a great variety of rocks, all apparently devoid of fo* 
and consisting of slates, conglomerates and great masaes of trap, representing old lava- 
flows ; the slates and conglomerates prevail in the lower part of the system and the traps 
in %he upper. The system completely surrounds the Srinagar valley and extends thence 

along the edge of the crystalline zone of Zangskar. On the opposite side 
of the latter it rum north-west and south-west and is directly 

in Eastern Kashmic ; 
continuous with the Tibetan zone of Spiti. Small patches of 

the same system also occur at  the lakes of Pangong and at  Changchenmo near the 
frontier of Tibet. 

The " Panjal " rocks of the western or Srinagar area differ from those of the eastern 
pad  of Kashmir ; the upper division of the former is composed of great beds of trap, 
whereas this volcanic element is wanting in the latter area. No detailedsubdivi~i~n of 
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%he system was attempted by Mr. Lydekker, who correlated the whole of the Panjala with 
the Dravidian rockslof the Tibetan zone, that is to say, with the ' whole rock series 
extendmg~from the base of the Haimantas to the base of the K u h g  system, Such 
correlation may be correct for Eastern Kashmir, where the sedimentary rocks on the 
north-east of the Zangskar crystallines are the direct continuation of the Tibetan zone 
of Spiti. 

In the western area, however, i t  is highly probable that the " Panjal " system, aa - ~- 

in Chamba and the Pir anjal. 
found in Chamba and the Pir Panjal range, inclideslalso 
members of the Himalayan zone of the Simla region," the 

.beds of the latter area being probably continuous through Kangra and Chamba to the 

.Pir Panjal, and also being represented in Jammu by the limestone formation known as 
the "Great Limestone," on which t,he Tertiary beds of the Sub-Himalayan zone 
rest unconformably.* Hence, in Western%ashmir, the " Panjal " system probably 
embraces representatives not only of the Dravidian members of the Tibetan zone, 
but also of the pre-Cambrian rocks of the Himalayan zone. Mr. Lydekker made no 
attempt to discriminate between these two, since he believed them to be one and the 
same, and a detailed survey must be made of Western Kashmir before the repre- 
sentatives of the two zones can be separated and compared. 

The only fossils hitherto found in the Panjal rocks of Western Kashmir occur in a 

Age of the volcanics of the band of limestone, which is interstratified with beds of volca- 
Panjal system. nic ash in the upper or trappean division of the " Panjal " 
system in the hills around Imsalwara (Ambersilwara) about 20 miles to the north 
of Baramula. The fossils are mostly encrinites and brachiopods, hut only very badly 
preserved specimens have been found. ' - This fossiliferous bed, the age ofiwhich may be 
Devonian or Lower Carboniferous, is a t  present unique in the " Panjal " system and-is 
well worth the attention of travellers in Kashmir. I 

Above the " Panjal " system is a thick series of beds of which the prevadmg 

" Zanskar " system. 
rock is limestone, with some quartzitea and shales near the 
base. This is Lydekker's " Zanskar " system, which he sub- 

divided into three series, ,known as the Kuling, supra-Ruling and ChikkimJR series 
respectively. The Kuling series he regarded as the equivalent of the Productus shales 
(originally named by Stoliczka the " Kuling shales ") of Spiti : the supra-Kuling series, 
which is composed chiefly of limestone, is the equivalent of the beds between the Otocerae 
zone (base of the Lilang system) and the base of the Chikkim limestone of Spiti, whilst 
the name, Chikkim series, was applied to the representatives in Kashmir of the Chikkim 
limestone and Chikkim shales. 

The sedimentary rocks of Kashmir, although highly fossiliferous in certain local- 
ities, are, as a rule, much poorer in fossils than those of Spiti and'Knmaun ; this, com- 
bined with the fact that time did not permit him to carry out his work on the detailed 

' H. B. Medlicott : Recurds, Uedogicul Survey of India, Vol. IX, 49 (1876) ; R. R. Simpeon : Memoirs, Qwlogicul 
Swvty of I~rdia, Vol. XXXII, pt. 4 (190L). 
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scale that has since been possible in Spiti and Kumaun, led Lydekker to work o n  
broad lines and to rely largely on the physical characters of the rocks as a guide to their 

with one another and with those of adjacent areas. Consequently all the 
slates, conglomerates and traps were referred to  one system, the " Panjal," and alI 
important groups of limestone to  the overlying system, the "Zanskar." b *  I 

In order to correlate the " Panjal " and " Zanskar " systems with the fossiliferous 

Correlation with zone groups of the Tibetan zone, we must turn &st to  that part 
in Spiti and Kurnaun. of Kashmir which adjoins Spiti. Here me h d  that the 
sedimentary beds of the Tibetan zone run continuously from the one area to the 
other ; although interrupted for a time by the crystalline area of Zangskar, the 
same zone can be followed north-westwards to Vihi, Dras, Tilail and Gurais, where, 
however, owing partly to lack of fossils but even more to  the fact that no detailed survey 
of these areas has yet been made, only a few of the subdivisions of the typical Spiti 
sequence have been recognised. The most interesting, and now the best known, of the 
above areas is Vihi. Here the massive hills of trap, which extend along the northern edge 
of the Srinagar plain and constitute the uppermost member of the " Panj a1 " system, 
are overlain by shales and limestones. Immediately behind the village of Zewan, and 
again near the foot of the hills to the north-west of Khunmu, are the two most famous 
localities for fossils in all Kashmir. Immediately overlying the trap are bands of chert 
and shale, in the latter of which have been found remains of fishes and plants ; these 
are of the greatest interest and importance, for t,hc plants belong to the genus Ganga- 
mopteris, a form specially characteristic of the lower Gondwana beds of the Indian 
Peninsula ; above the shale are the famous Zewan beds, which contain fossils identical 
with t,hose of the Fenestella shales of Spiti. Overlying these, both a t  Khunmu and a t  
the opposite side of the Vihi plain, are t,he Productus shales with their typical fossils, 
and above these, again, are limestones with Lower Triassic fossils similar to those of 
Spiti and Kumaun.* Thus, here, we have a link not only between the " Zanskar " 
system of Kashmir and the typical Tibet,an zone, but also between both of these and 
the Gondwana system of the Peninsula. 

We have seen that, in Spiti and Kumaun, there is an unconformable break between 
the beds below t,he Productus shales and all older deposits, thus indicating a period of 
disturbance which set in after the deposition of the Penestella shales, when much of the 
old sea-floor was raised up to form dry land and was worn away by atmospheric agencies 
before i t  again sank beneath the waves. In Vihi there is no trace of this unconformity 
or break in the sequence between the Zewan beds-the equivalent of the Fenestella 
shales-and t,he Productus shales ; marine conditions here continued uninterruptedly ; 
and whilst the more easterly areas were being raised up and denuded, this part of 

Kashmir remained continuously beneath the sea. On the 
Upper Palaozoic unconformitp. - other hand, the presence of terrestrial plants in the deposits 

below the Zewan beds and overlying the Panjal traps proves that the area in which 

* H. H. Hayden: Rerorda, Grologicnl Sunqey of India, Vol. SXXVI.  23 (1907) ; A. C. Peward : Pal. Indim, 
New Srri1.s. Vol. 11. No. 2 (I9U51. Reord.9. Grolwical Surrey of India, Vol. SXXVI, 57 (190i). 
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these deposits now occur was either the estuary of a river, or, if covered by the sea, was 
a t  least very near the coast, whilst the Panjal traps may represent lava-flows over the 
surface of the neighbouring land. Fossils similar to  those of the Zewan beds have also 
been found a t  Barus on the right bank of the JheIum, Pahlgam in the Lidar valley and at 
several points in the hills a t  the south-eastern end of the Kashmir valley. Recently, 
too, similar fossils have been found on the Golabgarh Pass in the Pir Panjal range. 

The lower part of the " Zanskar " system thus corresponds to the Lower Trim (Lower 
Lilang system) Productus shales and Fenestella shales of the Tibetan zone, and a t  the 
same time includes at its base beds which are correlated with the lower Gondwanas 
of the Indian Peninsula. The age of the Fenestella shales, and consequently of the 
Zewan beds, being upper Carboniferous, the underlying plant beds belong either t.o the 

middle or upper division of the same system and the 
Panjal volcanic period. 

Panjal t,raps, being older still, may be of either lower or 
middle Carboniferous age. Hence we see that,  during the earlier part of the Carboni- 
ferous epoch, when the Lipak series of Spiti was being laid down under the sea, Eastern 
Kashmir was a t  least partly a land surface, studded with volcanoes from which were 
poured out the lavas which are now represented by the Panjal traps.* From the sea, 
which lay to the north-east, an arm ran out to Imsalwara, where fossiliferous limestones 
were laid down among beds of trep and ash. The shore probably lay along the northern 
side of the Kashmir valley either as a continuous land surface or a chain of volcanic 
islands and was connected through Chamba with the old continental area of the 
Himalayan zone. Towards the end of the Carboniferous epoch subsidence set in and 
the land gradlially became submerged and was covered, first by estuarine muds in 
which remains of the land flora became imbedded, and, subsequently, by the Zewan 
beds with their marine fossils. Thenceforward marine conditions appear to have pre- 
vailed throughout the whole of the Triassic and Jurassic epochs, when Kashmir was 
part of the floor of the Eurasian sea, the Tethys. 

Although the subdivision of the Himalaya into three zones, the Sub-Himalayan, 
Himalayan and Tibetan, which is so well marked eastwards of the Beas, is not so clearly 
defined in Kashmir where the crystalline rocks invade both the Tibetan and Himalayan 
zones and where the respective members of the two latter have not been satisfac- 
torily distinguished one from the other, yet the outer, or Sub-Himalayan, zone is clearly 

Indus valley Tertiaries. 
marked off and can be traced through Jammu into the 
Murree hills and the gorges of the Jhelum. This zone of 

Tertiary rocks has already been described above (p. 214), but there remains a group 
of beds also of Tertiary age, to which reference has been made in connection with the 
Tibetan zone. These are the Indus valley Tertiaries, which extend as a long narrow 
strip in the valley of that river from eastern Ladak to Kargil. They are apparentiy 
quite unconnected with the Tertiaries of the Sub-Himalayan zone, and consist of con- 
glomerates, sandstones and shales of fresh-water origin overlain by limestone with 
nummulites, which latter, i t  has already been seen, extends as far south as the Singhgi 

- - -- - -- - 

* See Appendix, p. 272, inira. . 
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Le in Zangskar (supra, page 238). With these Tertiary beda are associated great 
of volcanic rock, chiefly ashes and lava-flows. 

, The deposition of the nummulitic limestone seems to have been the final chapter - 
Nummulitic limestone of in the marine history of the Himalaya and Tibet. With 

e a r .  +he outburst of volcanic activity the present or continental 
phase became established, and what had, for a lapse of t i m i  which must be counted in; 
millions of years, been more or less continuously the floor of a great sea was now gradu- 
ally raised up to form the highest mountain range on the face of the globe. 

With the exception of IEazara, very little is known:of the geology of the great belb 

Hazara of mountains which extends westwards and north-westwards 
from Kashmir. We have already seen that in Kashmir 

the regularity of arrangement of the rocks, which to the east of the Beas fall readily 
into three zones, an outer or Sub-Himalayan, a central or Himalayan and an inner 
or Tibetan, has disappeared and although the outer zone of Tertiary rocks still 
persists through Jammu into the Murree hills, the Himalayan and Tibetan 
zones cannot a t  present be completely separated from one another. In Hazara the 
fusion of the three zones becomes even more complete ; the Sub-Himalayan is no longer 
separated from the Tibetan by the Himalayan and crystalline rocks, but the two are 
in direct contact and the lowest member of the Tertiary system is intimately infolded 
with the Tibetan facies of the Triassic, Jurassic and Cretaceous systems, whilst the 
latter are also found in association with a great series of unfossiliferous slates, which ie 
regarded as the equivalent of the Himalayan zone as developed east of the Beas. 

Concurrently with this change in the order of distribution of the three zones, the- 
Change in the trend of the strike or trend of the rocks, which from Nepal to the Jhelum 

mountain ranges c o q u r n t  
on change of strikes of their is on the whole S. E.-N.W., changes in Kashmir and bends. 
component beds. round through E.-W. to N. E.-S. W. Consequent on this the 
mountain ranges also undergo a similar change of trend, and in Hazara run approximately 
from north-east to south-west. Nor is this bending of the ranges confined to the. 
Himalayan chains, but is also reflected in the distant Salt Range of the Punjab. 

The rocks of Hamra have been subdivided into seven series,* known as the Crystal- 
line, the Slate series, the InfraiTrias, the Triassic, the 

The rock groups of Hazara. 
Jurassic, the Cretaceous and the Tertiary. These form more 

or less parallel bands, with the youngest in the outer hills to the extreme south-east, 
The upper part of the Tertiary system of Hazara is merely the south-westerly continua- 
tion of the Murree beds ; the lower portion or nummulitic series, consists of limestone, 
shale and sandstone with a band of coal. This series covers the greater part of 9. E. 
Hazara, but where it has been removed by denudation the underlying beds of the 
Mesozoic group have been exposed. These represent the Upper !hiassic. Jurassic and 
Cretaceous systems and include formations such as the 8piti uhslns and Giumal sa.ndstone, 
typical of the Tihetan zone. 

C. S. Middlemiss: Memoire, Geological Survey of India, 1'01. XXVT (1896). 
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;-Beneath the Triassic beds is a series of rocks compoeed of hes tone  underlain by 

Infra-Trim and Slate series. 
sandstone and shales which have a thick bed of conglome- 
rate a t  their base. Thk is known as the Infra-Trim. It lies 

nnconformably on a great group of unfossiliferous slates, the Slate series, which runs 
f mm north-east to south- west through the centre of Hazara, These slates, also known. 
as the Attock slatea, are probably the equivalent of the Simla slates of the Himalayan: 
zone. The Infra-Trias series was regarded by Mr. Middlemiss as the equivalent of the. 
Blaini series of Simla, and i t  is therefore probable that the Slate series and the Infra- 
Trias represent the old sedimentary beds of the Himalayan zone. Behind thk, and' 
forming most of north-western and northern Hazara, is a broad zone of granitic and 
crystalline rocks, the south-eastern portion of which consists of schists and gneisses, 
which may be partly Archean but are to a great. extent metamorphosed representa- 
tives of the Slate series and the Infra-Trias, which have been altered by contact with 
granite. The granite of this zone is the exact counterpart of the biotite-granite of the- 
Himalaya, and we thus see in the crystalline zone the representatives of the Vaikrita 
system and the gneissose granite of the Himalayan zone. The great mountainous- 
area lying between Northern Hszara and Northern Kabhmir (Baltistan) on the one side 
and the Hindu Kush in longitude 70° on the other is still almost completely ungurveved 
and deductions as to the geological conditions prevailing in that area can dnlp 
be,drawn from the few scattered obuervations which have been made in Gilgit and 
Chitral. The prevding rocks appear to be granite and crystalline schists, but shtea,. 
quartzites and limestones, powibly representing the Dravidian members of the Tibetan 
mne,* occur in Hunza and Nagar, whilst beds of Devonian age have been found in 
the valley of the Kunrrr river in Chitrd f and also on the Baroghil Pass $ between 
Chitral and Wakhan. These rocks appear to strike towards the north-east and may 
possibly be connected with the fossiliferous series of Paleozoic age found by Stoliczka 
in the Little Pamir and Y arkand, and thus serve as a link between the Tibetan zone 
of the Himalaya and the sedimentary rocks of the Tian Shan. 

Between Chitral and the Kabul province of Afghanistan there is a broad tract of 
country, the western continilation of the Hindu Kush, of which nothing is known in 
detail but which appears to be composed chiefly of crystalline and metamorphic rocks 
such as occur along t,he lower reaches of the Kabul river below Laghman. So far as 
the rest of Afghanistan is concerned, there appear to be two broad stratigraphic.al facies 
separated the one from the other by the Koh-i-Babe a.nd Paghman ranges. The more 
southerly of these, which is found between Jalalabad and Kabul, comprises metamor- 
phic rocks associated with ruby-bearing crystalline limestone-a series recalling the 

- ~ 

C. A. McMahon : Qwrrletly Jownal, Qedogied Society, Vol. LVI, 337 (1000). 
t C A. JicMehon ant1 11'. H. Hudleston: 6bhgicd Magazine, Dec. IV, Vol. IX, S, 49 j100?). 

. . 
$ H. EL Hayden : U c w i r s .  Qedogieal Survey of India, VoL XXXVI, pt. 1,31 [ I  904), 
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Archean beds of the Peninsula-and a younger marine group in many respects resem- 
bling - part of the Tibetan zone of the Himalaya. The marine group lies with marked 
unconfonnity on the metamorphic beds and is composed of limestones, probably in 
part representing the Productus limestone of the Salt Range and its analogues in the 
Himalaya and partly embracing the Lilang system of the Tibetan zone. The 
northern facies, which iu well seen in Bamian, Saighan and the country to the north 
of the Afghan Hindu Kush, consists of limestones of Palaeozoic age overlain by a 
volcanic series possibly partly younger Palseozoic and partly of Triassic age. Thia is 
covered by an extensive system of fresh-water he& with coal seams, * and containing 
fossil plants of Jurassic age. Neither the volcanic. series nor the overlying Jurassic 
beds resemble any of the Mesozoic systems of the Himalaya, but are, on the other 
hand, apparently identical with the Mesozoic beds of Russian Turkistan ;T hence during 
part of the Triassic and Jurassic peroids these two areas formed a continuous iand 
surface, and probably constituted the south-western coast of the Tethys. Above 
the Jurassic plant-bearing series is a nlaes of red conglomerate and sandstone, which 
is, however, only locally preserved, having been as a rule removed by denudation 
before the deposition of the next overlying rock group, the upper Cretaceous limestone. 
The latter extends all over Northern Afghanistan and is almost always markedly 
unconformable to underlying beds, a feature which indicates a great extension of the 
Tethys in later Cretaceous times, when the whole of Northern Afghanistan once more 
became submerged. This marine phase, however, was of only short duration, for evi- 
dence of the drying up of the sea is found in the beds of gypsum and rock-&It occurring 
in the older Tertiary rocks. Subsequently land plants and land shells appear, and 
all the great valleys of Eastern Afghanistan are now filled with d e p k t s  of sand and 
boulders analogous to, and possibly contempornneoue with, the Siwalik aerie3 of 
the outer Himnlays. 

* C. L. Griesbach : Recorda, Geological Survey of India, Vol. SX, 93 (1887). 
t J. B. ~Iushketoff : Turkiahn (1888, 1906); G. Romanonski : Geology of Turkistan (1880-18'90). 
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PAST HISTORY OF THE HIMALAYAN AREA. 

w e  may now attempt to sketch roughlv the past eolo$cnl history of tho Himalayan 
area. Onr knowledge of the nature and distribution of the Archrean rocks ia as yet too 

want7 t o  of nnv attempt to reconstruct thc conditions prevailing a t  any part 
of t,hat period and our history opens a t  the time when a shallow sen lay over Central 
and Northern India and extended into the Himalayan region, covering mout of the 
area nom lying on the Indian side of the axis of the present Great Himalayan range. 
In this myere deposited beds of conglomerate, shale, sandstone and limestone, the 
rnrtterial8 for which were derived from the degradation of the Archean rocks, exposed 

in parts of what is now Peninsular India and also along 
The Purana sea : 

' the Tibetan edge of the Himalayan zone between Assam 
and Kashmir. The bed6 thus laid down are known ns the Purann group in the Penin- 
yular area * and include the Baxa, Jaunsar and Carbonaceous ~pstems of the IIimalaya. 
The connection of the one area with the other ha5 still to bo proved and the reference 
of the old unlossiliferous Himalayan sediments to  the Purana groilp ia consequently 
a3 yet only conjecturrtl, but the conjecture has rtn air of probability which renders i t  
for the moment the most uuitable working hypothesis. Hence it is now generally 
believed that the Purnna sea not only covered much of the Penit~sula but also es- 
tended over what are known as the 'lesser ranged of the Himalsya. Whcther 
it extended northwards beyond the Himalaya we are unable to say since the 
whole of t$he interior of Tibet is, geologically speaking, unknown, but there is evidence 
to show that land existed in the Himalaya at least, during part of the Purrtnn ern, 
and the sea may therefore have been bounded on the north by a Tibetan conti- 
nental area. 

Recent work in China has revealed the presence there of a series of pre-Cambrian 
beds which may be the equivalents of our Indian Puran~s,  

its extension into China. 
and the presence a t  or below t,he hage of the Cambrian 

system of a boulder-bed of clearlv glacial origin, gives us a possible clue to the true 
correlation of the Blnini boulder-slate of the Himala.yan zone and suggests that the 
Purrtnl-t sea extended to China. 

Two marked periods of volcanic disturbance hare left their records in these pre- 

Volcanicdi?rturbanccsin pur- Cambrian beds of the central part of the Himalaya. The 
times. first occurred a t  the close of the Jai~nsar period, when the 
lower beds of this system emerged from the sea and mere covered by sheets of lava and 
volcanic ash. -Again subsidence set in and the disturbed and eroded beds werc once 
more submerged and mere covered unconformabl;. by a thick calcareous deposit, 
the &ban limestone. 

----- ---- . . 
* T. H. Hollmd : Trane. Mining and Ued. [nab o/ I d  .a, Vol. 1, 48 (1906). 

. a 2  



2M THE ClEOLOGCY OF THE HIXALAYA. 

The second period of volcanic activity occurred during the deposition of the b& 
of the Carbonaceous system and is marked by bands of volcanic ash and basalt, which 
are found a t  several horizons in the system, thus showing that volcanoes were active 
in this area throughout a period of considerable duration. 

The next era of which we have a record in the Himalaya is that named by 

The Dravidian aa. 
Sir Thomas Holland the D r ~ ~ i d i a n ;  it begins with the 
conglomerates and other shallow-water deposit8 of the 

Haimanta system and extends to the period of disturbance of upper Paleozoic age 
characterised by the Talchir boulder-bed of Peninsular India and the 6~ea.t outburst 
of volcanic activity in Kashmir. 

The Haimanta, the oldest of the Dravidian systems, is characterised by deposits 

Haimanta period. 
of detrital origin such as conglomerates, sandstones (quart- 
zites) and slates, with only rare and insipficant beds of 

limestone at  its upper limit. It is evident therefore that it was laid down in shallow 
water near a coast line and bbe absence of any poet-Purma beds among the rocks of the 
Himalayan zone suggests that the present southern boundary of the Haimanta 
deposits marks approximately an original litnit of deposition and consequently the 
southern shore of the sea in which the Haimant,as were laid down. The relations of 
$he Haimantas to the Purana rocks of thc Himala.yan zone have not pet been worked 
.aut and it is not known whether there is a gradual and conformable passage from 
the one into the other or whether the lower beds of the Haimantas are contempor- 
aneous with theupper strata of the Puranas, nor is it possible to say a t  what period 
the Himalayan zone of Purana rocks first became a land-surface. The presence of 
rocks of the Haimanta system in Kumaun, Garhwal, Spiti and Kashmir proves that 
these areas at  least were submerged, whilst during the latter part of the Haimanta 
period the sea extended also to the Salt Range of the Punjab where the Cambrian rocb 
contain a species of trilobite identical with one from the uppermost Haimntas of 
Spiti.* Westwards the same sea probably extended a t  least as far as the Hindu Kush 
and Afghanistan, but it was not connected with the Cambrian sea of Europe, for the 
fauna of the fossiliferous rocks of this age in the Himalaya has nothing in common with 
*hat of the European Cambrian. On t,he other hand, there are decided af3inities 
hetween the: Cambrian fossils of the Himalaya on the one hand and those of China and 
North America on the other, and this has been regarded as evidence of a sea connection 
between the Himalaya and America during late Haimanta (Middle Cambrian) times. 

The latter part of the Haimanta period was marked by local disturbances in Spiti 
and probablyalso in!Kashmir, and the presence of a conglomerate lying ~mconformably 
on the Middle Cambrian beds proves that the coast-line had moved temporarily north- 
wards and the beds already deposited had emerged from the sea and undergone denuda- 
tion. Normal conditions appear to have been soon restored throughout the Himalaya, 
but the absence from the Salt Range of any representatives of the post-Cambrian and 
pre-Talchir systems indicates that this range was now cut off from the Himalayan 
iuar~ne area and became a land-surface, 

. - - -- - - - _- 
Y. Cuwpsr Reed, quoted in Records. G j i c z l  S t t r v g  of India, Vol. XSXVI (1908). 
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The next geological epoch, the Muth, which approximately coincides with the Silurian 
(Ordovician and Gothlandian) of Europe, is remarkable for 

Muth period. 
the great westerly extension of the Central Asian sea. The 

-southern coast-line appears to have remained for a long period, a t  least untilLower 
Carboniferous times, much as it was after the Salt Range was cut off from the sea which 
covered the Himalayan area a t  the close of the Cambrian epoch, but the Tethys now 
encroached westwards and became linked up with the Palaeozoic sea of Europe. Evi- 
dence of this is to be found in the character of the fossils of the representatives of 
the Upper Silurian, Devonian and Carboniferous systems in the Indian area, which 
bear a marked resemblance to those of t.he same systems in Europe, certain species 
being common to both areas. During the Devonian period the sea covered all the 
northern portion of the Himalayan area and extended eastwards into Burma, south- 
eastern Tibet and China. Westwards i t  appears to have extended through Kashrnir, 
over what is now the Hindu Rush, into Afghanistan and northwards to the 
Pamir and the Tian Shan ; its record is not very clear in the greater part of the 
Tibetan zone of the Himalaya, where fossils of Devonian age are scarce, having 
been found only a t  rare intervals, but there is no evidence of any break in the 
continuity of marine deposits between the beginning of the Muth (Silurian) period 
and the middle of the Carboniferous. The latter period, however, saw many changes 
along the southern coast of the Tethys and ushers in the next and latest era in the 
geological history of India, that named by Sir Thomas Holland the Aryan. 

India now became definitely established as an integral part of that great continent 
of Gondwanaland, which extended to South Africa on the one side and Australia on the 
other and on which flourished the flora of Glossopteris and Gangamopteris familiar to 
ue from the rocks of the Indian coal-fields. Below the beds in which these fossils occur, 
there ia found in Australia, Africa and India a peculiar boulder-bed or tillite, which 
bean unmistakable evidence of having been deposited a t  a time when glacial conditions 
prevailed ; the boulders found in i t  are facetted, polished and scratched whilst the 
rocks on which i t  lies are grooved and polished in a manner characteristic of the action 
of a glacier. This tillite, known as the Talchir boulder-bed, has not been proved to 

in the Himalaya, but is an important member of the stratigraphical series of the 
Bait Range, where its glacial origin has been proved beyond a doubt. On the Indian 
Peninsula i t  is usually regarded as of fresh-water origin, but in the Salt Range i t  is 
associated with marine beds, and would therefore appear to have been deposited in 
the sea. The materials of which t.he boulders are composed for the most part belong to 
a group of rocks now exposed in Rajputana, and it is therefore clear that, during the 
earlv Gondwana glacial period, Hajputana was a iand-surface whence glaciers flowed 
northwar& to deposit their imbedded hou!ders in the Salt Range sea, which was pre- 
sumably a southern arm of the Tethys. 

Whilst these changes were taking place in the Salt Range, KasEmir, which bad 

Panjal volcanic phase in formerly been covered by a shallow sea in which the shales 
Kashrnir. and conglomerates of the Panjal sy8tem were deposited, 
had becomeithe- scene oi great volcanic activity ; messes !of lava8-were poured out 
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and, solidifying, forked what we now know as the Panjal traps.? These have been 
regarded as of submarine origin, but the evidence of this is not convincing ; ashes 
certainly fell into the sea, where they were interstratified with marine limestones, as 
a t  Imsalwara to the west of the Wular lake. Elsewhere the lavaa may have been 
pu red  out over a land-surface, and i t  is possihle that a t  this period Southern Kashmir 
was an archipelago of volcanic islands. 

At the close of the volcanic phase the peculiar Cangamopleris flora of Gondwana- 
land had spread to  Southern Kashmir, which must therefore have become connected 
with the mainland. But the sea soon encroached againand the plant-bearing Ganga- 
mopteris beds were covered by the Zfiwan beds, tvpical marine deposits with fossils 
of upper Carboniferous age. These again pass upwards into the Permian Productus 
shales which are overlain by the fossiliferous limestones of the Lower Lilang system 
(Lower Triasj ; from the Gangamopteris heds upwards to the Lilang system there is no 
~ i g n  of any important break in continuity of the deposits. and it would therefore 
aplxar that the close of the Panjal volcanic period marks the beginning of an era of 
subsidence and uninterrupted deposition, which lasted from the middle of the 
Carboniferous epoch until early Tertiary times, and throughout the whole of which 
Kauhmir lay beneath the waters of the Tethys. 

In other parts of the Himalaya there is no evidence of violent disturbance having 
taken place during the volcanic period of Kashmir ; in Spiti there was slow, hut steady 
rise of the sea-floor, resulting* in a gradu~l  northerly displacement of the coast-line, 
and what had formerly been an area of comparatively deep water was converted into 
a shallow coastal platfor111 or possibly an estuary, in the sands and muds of which the 
remains of plants carried down from the lsnd became embedded. But the remainder 
of the Carboniferous epoch was a period of some instability, and is marked by oscilla- 
tions of the sea-level. These, however, were for some time comparatively trifling, 
but, a t  the close of the Carboniferous period. a steady rise of the land and north- 
ward retreat of the sea set in ; almost the whole of the Himalsya to the east of Kashmir 
Subsequent tectonic disturbances appears to have become a land-surface and remained such 

in Spiti and Kumaun. for a considerable length of time, long enough, in fact, for 
the removal by denudation of beds some thousands of feet in thickness. In  parte 
of Spiti, in Kumaun, and in Garhwal, the whole of the deposits h id  down during the 
Carboniferous nnd Devonian epochs, and even a great part of the Muth system, were 
removed before the land was resubmerged and the waters of the 'l'ethys once more 
covered this part of the Himalaya. 

It is interesting to note that these two periods of disturbance were not contem- 
poraneous : that of Kashmir occurred a t  the end of the Dravidian era, while the Cent.ra1 
Himalayan disturhance was of more recent date and is not reflected in any correspond- 
ing movement in Kashmir, having been probably of only local importance. 

The earlier disturhance, however, belongs to a different category. It corresponded 
h he world-widr extensic" the - in time with the far-reaching changes which ushered in the 

earlla (ranjal j disturbance. Bondwana glacial epoch in India, Australia and South 
Africa. Recent work in Xashmir has led to the conclusion that these changes occurred' 
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towards the middle of the Carboniferous period,* a time when marked changes in the dis- 
tribution of land and sea began to take place in many parts of t,he world. Throughout 
&ia i t  is characterised by a great, extension of the sea and the consequent overlap of 
marine deposita of Middle Carboniferous age upon older beds. Evidence of the former 
presence of this sea can be found in the Salt Range,t in S. E. Afghanistan and the 
neighbourhood of the KhyberJ in Baluchistan,P in Northern and Western ,Qfghanistan,jl 
Persia,l Kashmir,** the Centralu and Eastern Himalaya ;$$ eastward i t  extended 
into China and westward into Europe.$$ 

Of the northerly extension of the sea beyond the Indo-Tibetan frontier we .as 
vet h o w  nothing, abut among the exotic blocks of Kumaun, already referred to 
(supra, p. 238), are masses of limestone containing a fauna similar to  that of the 
Productus limestone of the Salt Range, and we therefore conclude that Ngari Khorsum 
a t  least was submerged a t  this period. 

In this connection we may draw attention to the important and interesting work 
recently carried out in Ch~na by 3Iessrs. Bailey Willis, E. Blackwelder, and R. H. Sargent, 
the results of which have been published by the Carnegie Institution of Washington.ll 11 
In the second volume Mr. Willis discusses the distribution of land and sea in Eastern 
and Central Asia during past geological ages, andassumes that, throughout the whole 

Extension of the Dravidian Tethys of the Palseozoic era, Tibet was a continental area, which 
over Tibet. he designates Isle Tzbet. Having regard to our preseqt 

ignorance of the geology of the greater part of Tibet, Ke can offer no direct observations 
bearing on this question ; but if we turn to north-eastern Ladak, we find Palmzoic 
rocks exposed in the neighbourhood of Changchenmo and Pangong Lake, and if, rn 
appears to be the case, the trend of these beds is the same as that of the rest of the 
Tibetan zone in Kashmir, Spiti and Kumaun, we should expect to find them well to the 
north of the head-waters of the Indus and the Brahmaputra in Western and Central 
Tibet. We are, therefore, inclined to believe that Palaeozoic beds do occur in the 
great lake-basin of Central Tibet. They may possibly be hidden by the younger 
(Mesozoic) deposits to which we shall refer subsequently, but i t  may reasonably be 
expected that they will be found to crop out here and there, and thus prove that the 
sea in which the Dravidian (Palaeozoic) rocks of the Tibetan zone were laid down was 
not, as has been assumed, merely a strait connecting Eastern and Western Asia, but 
extended northwards over a great part of Tibet. 

- - - - - -- - - 

* R d ,  acdogreal Sunwy of India, Pol. XXXVI. 23 (1907). 
t Jfanuul of the Geology of India, 2nd edition. 123 (1803). 
$ H. H. Hayden: Jlemoirs, Q d o g W  Surcey of India, Vol. XXVILI, 108 (1900). 
8 General Report. Qeologrral bYunq of India. for 1901-02. 31 (1902). 
11 C. L. Grieebaoh: Recorda, C?e&gical S u m y  of India, Vol. XX, 06 (1887). 
7 J. de Morgan: Mission Scienti* en Perm. 111 (1005). 

** R. Lydekker : Memoirs, &obgical S w t ~ y  of India, Vol.:XXII (1883). 
1-t H. H. Ilsyden: Blemoirs, Qwlogrwl Rsmey of India, Pol. XXXVI, pt. l(lW1). 
$: C. Diener R d ,  Qedogim2 Siicyy of India, Vol. XXXII, 189 (1905). 
§§ Th. Tschernyschew : ~ V e m .  Corn. Qcol., Sl. Pttersburg, XVI, No. 2 (1W2), and Re&, Qtdogtml Burvty 

of ~ n d i a ,  V O I .  XXXI, rll urn;. 
R*swrch in Chin.& (1907 j. 
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Towards the close of the Palmzoic era, the Central Asian sea, which had extended: 
from India to China on the one side and Europe on the other,. 

Extension of the Aryan Tethys. gradually began to recede westwards, and in Triassic times - 
much of China had become a land-surface. The sea, however, still lay over the Himalaya, 
and its connection wit.h the European sea is proved by the large number of identical 
species of marine fossils found in the Triassic deposits of the Alps and the Himalaya. 
During the earlier part of the Triassic epoch t,he Salt Range formed part of the 
Tethys, which also covered Kashmir and Hazara, and appears to have extended into 

Afghanistan. Later on, connection with the whole of China, except the south- 
ern part, appears to have been cut off, and in Upper Triassic times the Salt Range also 
became a land-surface, but the sea extended from Eastern Afghanistan into Balu- 
chistan, and also from Kashmir through the Pamir into Bokhara. These changes 
did not affect the Himalayan area and Knshmir, both of which remained submerged 
throughout the whole of the Mesozoic era. 

During the .Jurassic period great changes in the distribution of land and sea took 
It. riduitudes during the place in Asia. The continental phase, indications of which 

Jurassic period. are firat to be found a t  the close of the Palaeozoic era, became 
largely developed, and there arose on the north a great continent named by Suem 
" Angaraland,"* which was analogous to Gondwanaland on the south, and the site of 
which is now marked by a series of fresh-water beds and coal-seams, comparable to 
the Gondwanas of India. Communication between the Himalayan* Tethys and the 
Mesozoic sea of Europe remained open, and the whole of Southern Tibet wss sub- 
merged. At the same time the sea extended once more to the Salt Range and thence 
through Baluchistan and Southern Afghanistan to Persia. Northern Afghanistan, how- 
ever, became dry land, on which flodqhed a flora similar to that of Angaraland at  
the same period. That the latter part of the Jurassic epoch was characterised by 
the gradual shallowing of the Himalayan and Tibetan sea is proved by the nature of 
the uppermost Jurassic deposits, the Spiti shales, which are composed of h e  detriM: 
sediments alternating here and there with beds of coarser material. 

Similar conditions prevailed for the most part during early Cretaceous times, but 
in the latter part of the period a great extension of the sea 

Great extension (transgrmJion) 
of the sea during the Creiaceous took place and many areas that had previously been land 
pet5od. became submerged. Connection, through Northern Africa 
and North-Western India (Baluchistan and Afghanistan), between the Mediterranean 
of Europe and the sea of Western India was now thoroughly established, and its pro- 
gress is seen in the overlap of the upper Cretaceous beds over older formations which 
bad been subjected to sub-a6rial erosion during Jurassic and early Cretaceous;timee. 
The Cretaceous sea extended along the whole of the site of what we now term the 
Tibetan zone of sedimentary rooks and probably stretched far to the north over much 
of Tibet. Eastern Tibet and China, however, were now a continental ama. ;I 

a Lo Pace de la Terr~,  I11,27 (1 902). 
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This " transgression " of the upper Cretaceous sea indicates a widely extended 
subsidence of the land, affecting north-western India, Aighanistan, Western Asia and 
probably much of Tibet. On the Indo-Tibetan frontier, however, there was no marked 
movement of suhsidence, for the Cretaceous deposits of the Tibetan zone of the Himalaya 
are largely characterised by sediments such as are laid down in the neighbourhood of 
a coast-line. Associated with these on the southern frontier of Ngari Khorsum are 
beds of tuff, which indicate the presence of volcanoes a t  no great distance and prepare 
us for the volcanic disturbances that ushered in the great epoch of mountain-building 
which produced the mighty ranges of the Himalayan chain. 

We have alreadv seen that the Cretaceous sea lay over a great part of Tibet and 
extended as far south as the northern frontier of Sikkim. At the same time the Shillong 
Plateau was under water and was part of the floor of an ocean which extended along 
what is now the east coast of the Indian Peninsula but was then the submerged edge 
of Gondwanaland which, a t  the beginning of the Cretaceous period, still survived as a 
continent, though prohably much reduced in size ; this continent, however, appears to 
have begun to break up during the latter part of the period and in upper Cretaceous 
(senonian) times direct connection was established between the North African sea 
and the Pacific, through a strait separating India from Madagascar. 

It is possible that there may have also been a narrow and shallow arm of the sea 
Possible connection between running through that curious depression which is now 

Tethys and the Indian ocean. filled by the Indo-Gangetic alluvium. That in early Tertiary 
times the western sea flowed over what is now the south-western foot of the Himalaya 
almost up to the meridian of Naini Tal is clear from the presence of nurnmulitic 
limestone all along that belt, and in the Tal beds there is some indication of a shallow 
arm having reached Garhwal a t  a much earlier period, probably sometime during the 
Jurassic epoch ;* it would not, therefore, be surprising to find that the great upper 
Cretaceous transgression also affected this area. The absence of any Cretaceous rocks 
in this part of the Himalaya is certainly an argument against this supposition, but 
they map either have been completely removed by denudation a t  a subsequent 
period or may be merely hidden by the alluvium. 

There is a t  present no evidence that the arm of the Pacific in which the Cretaceous 
beds of Burma and Assam were deposited was connected with the Tibetan sea ; this can 
only be decided by exploration in the unsurveyed country around the head-waters of the 
Lohit Brahmaputra and the Inawrtddy. If there was no connection between the two. 
oceans, the Eastern Himalaya must have been a t  this time either rr narrow penimula 
running out from the Chinese mainland or else an isthmus connecting that continental 
area with Gondwanaland. 

Several periods of volcanic activity have left their records in the Himalayan ares. 
Of these, two occurred during Purana times and a third a t  the middle of the Car- 
boniferous period; another has been ascribed t to the upper Cretaceous epoch, 
- - - -- p- - - - - - - - . - - - ---- 

* C. S. Middlemi,- : He&, Gkdogical Sutvy of India. Vol. XX, 26 (1887). 

t A von Krafft . Mrmoire, Q~dogico! Purvey of India. Pol. XXXII, pt. 3 (1932). 
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a period marked in the Peninsula by the great outpouring of lava which constitutes the 
* 

Deccan trap. From this time onward there was a steady 
Periods of volcanic activity. 

retreat of the sea from Tibet and the adjacent portions of 
the Himalaya ; there were, no doubt, local oscillations of the coast-line as indicated, 
for instance, by the overlap of t,he nummulitic beds of Kashmir over older fresh-water 
deposits, but by the end of the eocene period, Tibet and the Himalaya had finally 
become dry land, and the western sea had been driven back to Sind and Balu- 
chistan. This last phase in the marine history of the Himalayan area was accom- 
panied throughout the whole Indo-Tibetan region* by great volcanic activity, 
which was no doubt intimately connected with the crustal disturbances to which 
the origin of the Himalaya is to be attributed. The igneous phase began with the in- 
trusion of masses of granite into the sedimentary deposits of the Tibetan zone; 
subsequently there were outbursts of basic lavas which flowed over parts of Ladak, 
Ngari Khorsum and western Tibet, whilst dykes of basalt and allied rocks were formed 
by the injection of the basic magma into fissures both in the sedimentaq beds and in 
the granite. 

Volcanic activity seems to have been most intense in tlie neighbourhood of Lake 
Manasarowar, which has more than once been an area of special disturbance, and the 
compmativcly recent change in the direction of flow of the upper Rrahmaputra, to  which 
attention has been drawn in a previous chapter (supra, p. 155), is an indicat~on of 
elevation having occurred in this area a t  no very distant date in the paat (supra, p. 178). 

Although the volcano of Barren Island in the Raj- of Bengal was act.ive during the 
p e t  century,? and other volcanoes in Eastern Peraia on the immediate confines of 
Afghanistan are not yet extinct,$ there is no indication of recent volcanic activity in 
tlie Himalayan region. In Central Tibet Mr. Littledale recorda rt large nlznrbcr of 
volcanoes, none of which, however, appears to have been active rtt t.he time of his 
visit. § 

If, now, we endeavour to summarise the geological history of the Himalayan arm, 
me find that a t  t,he earliest time of which me have any record, i t  was part of the floor - 
of the Purana sea, which stretched over much of what is now the Indian Peninsula ; 
owing to elevation, this arer! subseq~~ctntly became dry land and the sea retired to the 
north, where it reninined throughout the whole period covered by historical geolony 
from early Camhrian times ilntil the middle of the Tertiary epoch; local ORCiltntio~a 

- - 
occurred from time to time, the sez, retreating northwards but again ret,ur~ing to cover 
the recentlt- eroded land with marine deposits. I ts  southern shores, however, nevpr 
- -- 

A. von Krafft : Memoirs, Cedogiccll Survey of India, Val. XXXli, pt. 3 (1902) ; H. H.  Hayden : I U ~ - ~ ~ ,  
Qeoloiliaal Survey of Indas, XXBVI, pta. 1 and 2. 

f F. R. JIallet : .lfernoirs, Ger~logical Q T I T I . P ~  of India, VoL XXI, pt. 4 (1885). 
$ E. Vredenburp, diemoirrr, Qeological Surcey of India, Vol. XXXI, pt. 2 (1901). 
5 St. G. R. Littledele: Geographiral J o u m l ,  Vol. VII,  453 (1806). For numeroue references to rwmt 

volcanoes in the K i m  Lun, ranjzt: see Suer*., La Face rk la TBrre, 111, 288 (1902). 



THE GEOLOGY OF THZ HIMALAYA. 257 

seem to  have moved very far one may or the other, and that part of the Himalayan area 
lying on the Indian side of the line of great peaks may be regarded as approximntely 
the northern coast of Gondmanaland. It is probable, therefore, that since very early 
times the ,greater part of the Himalaya has been a land-surface. .d 

Towards the end ol the Mesc~zoic era the sea encroached both from the west an& 
from the east and either completely or partly cut off the Himalayan area from Gondma- 
nalrtnd. 

The general history of the Himalayan area may be tabulated as under :- 

PURANA ERA. 

Much of Peninsular India and the Himalayan area covered by a sea which may 
have extended to China. Volcanic activity during Jaunsar and Carbonaceous periods, 
Blaini glacial epoch. 

DRAVIDIAN ERA. 

Emergence and conversion into dry land of Peninsular India and the southern 
parts of the Himalayan area. 

Haimanta period.-Submergence of Salt Range area and Tibetan zone of Him- 
alayan area-probably also Tibet--beneath a sea, which extended to China 
and possibly to North America. 

Muth and Lower Katmuxtr periods.-Salt Range area became dry land but sea still 
spread over Tibetan zone eastwards to China and towards the end of the 
period westwards to the European ocean. Panjal volcanic period in Kashmir. 

ARYAN ERA. 

Upper Kanawar and Kding periods.-Gondwana glacial epoch in India, Africa and 
Australia. Extension of continental conditions to Krtshmir, followed by re- 
submergence affecting Salt Range area, Kashmir and the whole Tibetan zone ; 
local oscillations of land and sea in Spiti and Kurnaun. 

LzCang period.-Marine conditions completely established throughout Tibetan 
zone ; re-emergence of Salt Range area. The Tethys covered much of Cen- 
tral Asia and was continuous with the Triassic sea of Europe. 

.Jurassic period.-Gradual rise of land and shallowing of Tethys throughout the 
Tibetan zone. North-East Afghanistan a land surface, probably a part of 
Angaraland. 

Cretaceous period.-Further rise of land in Tibetan zone, with extension of sea 
("transgression") to  Afghanistan and Issam. Volcanic disturbances in 
Ngari Khorsum. 

T e i a y  epoch.-Period of mountain-building : final emergence of Himalaya and 
Tibet and disappearance of the Tethys. Volcanic activity during eocene 
period. 

a 2  
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37 
I AGE OE" THE HIMALAYA. 

There is no evidence to sliow that the Himalaya, as great mountain range, are 
older than the latter part of the eocene period. There are 

Post-Purana crustal movement. 
undoubtedly signs of iormer periods of collsiderable folding ; 

thus, the Purana rocks were folded and compressed during the earth-movementd that 
resulted in the birth of Gondwanaland, but the Himalayan urea then became the northern 
ooast of the new continent and was not necessarily a mountain range. Towards 
the end of the Haimanta (Cambrian) period local folding again took place, for we find 

the (Ordovician) conglomerates of the Muth system in Spiti 
Upper Cambrian movement. 

lying on the eroded edges of folded beds of Middle Cambrian 
age. bfter this, no tectonic movernentri of great intensity seem to have occurred until 
the last upheaval of the Himalaya and Tibet in Tertiary times. Movements there 
nndoubtedlp were, as, for instance, during the Carboniferous period when marine sedi- 
ments were r,zised up, denuded and again depressed beneath the sea, but the parallelism 
to these older beds of t.he younger deposits subsequently laid down on them shows that 
the former underwent no contortion, but were merely subjected to  a gentle uplift 
without violent crustal compression. Thus we have no evidence of mountain b u i l d q  
in the Hinlrtlayan region before the Tertiary period. The movement which was so pro- 

Eocene and distur- nounced during this latter period probably began in late 
banns. Cretaceous times and continued throughout the eocene and 
Middle Tertiary periods. That i t  was still active during the pliocene, epoch is proved 
by the $eat series of overthrusts dong the outer foot of the Himalaya, the origin and 
.history of which have been so admirably traced out by ,Mr. C. S. Middlemi~s.* I 

The movements which affected the Siwalik (pliocene) deposits of the outer Himalaya 

Pliocene and post-pliocene iiis- mere not confined to  the neighbourhood of the Indo-Gange- 
turban=. tic plain, but extended to such widely separated regions 

Afghanistan and Ngari Khorsum. I n  the former area all the great river valleys of 
Eastern Afghanistan are filled with be& of sand-rock :and conglomerate which are 

similar to the Siwalik deposits of the Indian " duns," and have, like them, 
much folding and tilting. In Ngari Khorsum (Hundea) similar deposits 

were observed by Mr. Griesbach in the Nukchung valley,$. and these also shoa signs 
of considerable disturbance. -4s the age of these deposits is pliocene, it is clear that 
even a t  the end of this epoch the crustal movement, to which the Himalaya owe their 
origin as a mountain range, was still active. 

* M-re, Udogicul Survey of India, Vol. XXIV, pt, 2 (1890). 
t Dun is the Indian term for the narrow longitudinal valleys lying between the outer ~ i w a l i k - ~ ~ ~ ~ k  and the 

'higher hill8 of the Lewr Himalayan ranges (eulpra, p. 85k 
$ ,+f-8, Gbbgkxl Burwy of Zndiu, Vol. XXIII (1891). . - 
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i n  the next geological period, however, the Himalaya appear to have reached a 
-fmou ws Ngvi ~ h , , ~ .  stage of comparative quiescence. I n  the upper v d e p  

. s u m  of the Sutlej in Ngari Khorsum there are vast deposits of 

boulders, sand and clay, in which occur remains of mammals * regarded by Mr. Lydekker 
as of pleistocene age.? The exact origin of these deposits has not been definitely 
ascertained, but they are now generally regarded as fluviatile, though possihly also in 
par t  1acustrine.f They lie nnconformably on tho tilted pliocene sandstones, but are 
.themselves almost perfectly horizontnl, thus showing that, since their deposition, no 
violent disturbance has affected this part of the Himalayan region. 

In the valley of Kashmir, rery similar deposits occllr, where they arc known 
und.er the name of Karezua. These have been described 

and Karewas of Kashmir 
from time to time by various observers as of lacup- 

-trine origin, but from a detailed study of them in recent years, Mr. R. D. Oldham 
hau concluded that their mode of origin was similar to that of the alluvial depoeits in 
process of formation in the same valley a t  the present day.$ 

If we are right in regarding the ossiferous deposits of Ngari Khorsum and the 

indicate quiescence of Himalayan Rarewas of Kashmir as of pleistocene age, we arc led to  
region since pleistocene tin~es. infer that the general features of the Himalaya were a t  that 
period much as they are a t  the present day. We have already seen (mpra, p. 210) 
that the main drainage lines date back as far as the pliocene epoch, and that the 
rivers which brought down the sand and boulders from the mountains to build up 
the Siwaliks of the duns and of IIundes were the direct ancestors of our modern 
Sutlej and Ganges. 

Of the topography of the Himalayan area before this period we as yet h o w  
.practically nothing, but i t  is clear that the old coast-line of Gondwanaland cannot have 
been very far hom the present southern boundary of the Tibetan zone of sediments, and 
detailed surveys will very possibly reveal the sites of pre-pliocene rivers, as indicated 
by the coastal or estuarine deposits laid durn a t  their mouths. During the Palaeozoic 
and much of the Mesozoic periods, when the Indian Peninsula and the zone of oldest 

rocks of the Himalaya formed part of Gondwanaland, rivers 
Re-pliocene drainage systm. 

must have flowed northwards from India to the Tethys, 
and we have already noticed the evidence of the direction of drainage afforded by the 
pebbles of the Salt Range houlder-bed (supra, p. 251). In the distant future, when 
the geology of the Himalnva is known as intimstely as that of England and parts of 
continental Europe a t  the present day, the presence of deposits like the Gsngamopteris 
beds of Kashmir may enable us to locate, among the sedimentary beds of the Tibetan 

- - - -- -- - 

* R. Strachey : Quarterly Journal, Geological Society, Vol. VII, 292 (1851) ; C. L. Griesbach: Memoirs, 
Gcdogiurl! Survey of Ilidia, Vol. XXIII (1$01). 

t Recotde, Geologiea2 Swvey of India, Vol. XIV, 178 (1881). 
$ Manual of the Uedogy of India, 2nd edition, 422 (1893). 
8 Recot&, Geological Sufucy of India, Vol. XXI, 157 (1888) ; T. H. Holland, Rvbtda, U e o ~ i c a l  Sunu;y of 

\India, Vol. XXXII, 152 (1905). 
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zone, the sites of come of the estuaries of this old drainage system, but; all traces of its- 
river-valleys through the central zone must have long since been removed by the sub- 
sequent processes of denudation, whilst the new drainage system, which has madually - 
arisen in a reverse direction, has replaced and obliterated the old.* 

Of the present river-valleys of t.he Himalaya, one a t  least can be shown to have 

Indus valley an old structural existed as early as in the eocene period. In  the Upper Indus 
depression. valley in Kashmir are beds of either fresh-water or estuarine 
origin, which are of eocene age. They form a long and narrow strip in the present - 
valley and mark the position of an old river-valley or of an sstuary, which was appa- 
rently connected with the Tibetan portion of the Tethys. 

Subsequent oscillations of the relative level of land and sea led to these fresh-xater 
beds being covered by marine deposits containing nummulites, but the latest phase in 
the elevation of this area has resulted in the removal by denudation of the cap of younger 
beds and the old valley has been thud once more exposed to view. The presence of 8 

valley along approxim~tely the same line a t  two periods separated by such a great 
interval of time shows that its origin is not due to mere erosion, hut must be attributed 
to structural causes, connected nith t,he folding of the earth's crust, and producing a 
deDression which was first outlined a t  least as long ago as the eocene period. This, 

A - 

agin, is a further indication that the movements which finally resulted in the upheaval 
of the Himalaya were already operative a,t that period. 

Although the practically undisturbed condition of the pleistocene beds of Ngsri - - 

Recent movement as evidenced Khorsum and of the Karewas of Kashmir leads us to sup- 
(I ) by earthquakes : pose that there have been no violent disturbances in the 
Himalayan region since their deposition, nlclny facts suggest that the apparent 
quiescence is onlv comparative and that movement tending to  a further rise of 

- 

the Himalaya is now in progress. That movement has not ceased is evident from the 
frequent earthquakes occurring in the Himalaya and Afghanistan, a,nd such catas- 
trophes as the Kashmir earthquake of I885,t those of Shillong in 1897 $ and of 
Krtngra in 1905 5 forcibly remind as that the Himalayan region is by no means a t  

These, however, do not serve to give us any indication of the direction of movement, 

(2) by desiccatios : 
which we can a t  present deduce only indirectly from other 
phenomena. -bongst  these may be mentioned the obser- - 

vations already referred to (supm, p. 204) in connection with the apparent progressive 
desiccation of t.he Tibetan lakes, rt phenomenon which has been regarded as due to the 
rise of the Himalaya and consequent cutting off from Tibet of the moisture-laden 
monsoon winds. Evidence ol such rise being now in progress is also to be found in the - 

* Since the above was written, a paper hns been published by Jlr. R .  D. Oldhnm, on "The Valleys of the H i m -  
layas," CZeographical Journal. SXX, 512 (19Oi). in which he also rcfcrs to such a pre-existing drainage system. 

t E. J. Jonns : R m & ,  Geological S?tnvey of India. Vol. XVIII, 221 (1885). 
f R. D. Oldhm : Afemoira, Ue~Zogical Surtvy of India, Vol. XXIX (1899). S X X  (1901). 
4 C. S. hIiddlemiss : Recwa3, Geological Survey of India. Vol. XSXII ,  258 (1905). 
11 For e complete list of Indian eartl~quakee up to the end of the year 1869, see T. Oldhem: Memoirs, 

a~olugicol Su~t'ey of India. Vcl. S I X ,  pt. 3 (1883). 
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present condition of the chief Himalilyan rivers. The general tendency of a river rising 
in a mountainoue region and flowing out on to a plain is to  remove material from its upper 
reaches in the mountains, where its gradiont is steep, acd deposit i t  on the plains a t  their 
foot ; as this process proceeds, thc river gradually cuts down its channel, working most 

(3) by rejuvenation of the rapidly in the higher regions where its gadient is naturally 
streams. steeper and less rapidly lower down. Where the gradient 

is steep and the current rapid, the water carries with i t  large quantities of material 
such as boulders, pebbles and sand ; where, however, the current is less rapid in the lower 
reaches, its force is insufficient to carry the whole of its load and some or all of it is depo- 
sited. The tendency of the river is therefore to remove material from its upper reaches 
and deposit i t  in the lower, thus producing a flattening of its gradient throughout, izl 
consequence of ~ h i c h  the depositing section of the stream gradually creeps further and 
further back towards its head. If, during this process, the land round the head-waters 
of the stream undergoes a movement of elevation, the gradient and consequently the 
erosive power of the stream mill be increased and the water begin to cut a chacnel 
through the deposits which had accumulated in the lower valleys. This phenomenon 
js khown as the rejuvenation of a stream. 

At the present day the great Himalayan rivers are not depositing in their lower 
reaches, except near the points a t  which they debouch from the mountains and conm- 
quentlp are not in that stage of equilibrium which characterises an old river. On the 
other hand, their valleys are cut through horizoatal deposits of boulders and river- 
gravels, which can be seen to  extend many hundreds of feet above the present stream- 
bed.* It is clear, therefore, that where t.he rivers are now in the active stage of abrad- 
ing, thev were once depositing streams and filled their rocky valleys with t.he sands 
and gravels through which they have since re-excavated their channels. They have, 
therefore, undergone rejuvenation pres~unahly due to uplift of the highlands amongst 
which they rise. 

When this uplift began, we are not yet in a position to  say since we have a t  present 
no evidence of the age of most of these old river-deposits. 

Date of this movement. 
It has already been pointed out that the oesiferous bedsof 

- 

Hundes are prohably of pleistocene age, whilst the Karewns of Kashmir have been 
attributed to  the same period ; the other high-level alluvial deposits found in the Sutlej 
and the Indus may be of the same age or may be of later date, but we are justified in 
assuming that during the pleistocene epoch, and probably for some little time afterwards, 
little or no movement took place in the Himalaya, and the rivers gradually tended to 
assume a state of equilibrium, which, however, was subsequently disturbed by 
further elevation of the higher ranges and t,he Tibetan region, resulting in increase of 
gradient and consequent rejuvenation of the streams, and the present steep gradients 
of most of the Himalayan rivers lead us to conclude that uplift is either still in progress 
3r has only qnite recently ceased. 

* H. B. Medlicott : Rcc~rda, (ieolago'ea2 Surwy of India, Vol. 19. 55 ,51870); Ht Lydekkar: Bemoiru, 
Qes'ogical Survey of India, Vol. XXTI (1883;. 
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Similar evidence of recent elevation of the higher range. of the Himalaya has been 

Evidence of uplift afforded (1) 
deduced by Mr. R. D. Oldham from the manner in which 

by cutting back of stream ; many of the socthward-flowing streams are rapidly cut- 

ting back into the catchment areas and capturing the drainage of the ti beta^. rivers on 
the north.* Striking examples of this are furnished by the Ganges,? the Tistax 
and the Sind river in Kashmir.5 

A most instructive example of this rapid cutting hack of the southward-flowing 
( z )  by hangs - in streams on the southern flanks of Kinchiajunga in Sikkim 

Sikkim : has been described by Prof. Garwood.1; Here the Rathong 
Chu 7 and Praig Chu, feeders of the great Rangit, have cut back their heads so 
rapidly that they have actually truncated and captured what was formerly an important 
eastward-flowing tributary of the Tista. So rapid has been the work of these two streams 
that they have cut deep chasms or gorges across the old valley, with the result that the 
remnant of this former tributary of the Tista is now only a small stream, which " occu- 
pies a nearly level upland glen, three miles in length and some 2,000 feet above the 
floor of the Rathong Chu, and this elevation is maintained nearly to its mouth, whence 
it itself by precipitous cascades into the valley beneath." This rapid head 
erosion and " piracy " on t.he part of the Rathong Chu is ascribed to recent elevation 
of the Kinchinjunga massif lying to the north ; such elevation would increase the 
gradient and consequently the erosive power of the Rathong Chn while not affecting 
that of the eastward-flowing st,ream, which would be merely tilted sidewapr~.** Here 
we see that local uplift will account not only for the formation of a deep gorge on the 
flank of a range, but also to some estent for those curious side valleys which, as Prof. 
Garwood graphically expresses it, appear to be suspended in mid air high above the 
level of the main valley, which they join in a sheer precipice. The difference of lev& 
between these " hanging " valleys and the main stream is thus due partly to more rapid 
erosion of the channel of the latter, through a steepening of gradient attributable to 
uplift of the mountains a t  its head, but partly, in Prof. Garwood's opinion, to the 
recent occupation of the hanging valleys by glacier& which have protected them born 
the effects of river erosion. 

Such uplift has also been regarded as a contributory cause of the deep and narrow 
gorges to be seen in so many of the Himalayan rivers. In a. 

(3) by gorges. Origin of gorges. 
previous part (supra, p. 184), reference has already been made 

to these gorges and various possible modes of origin suggested. Two of these are of 

* Joumul, Mancheater Qeagraphieul Society. Vol. IX. 112 (1893). 
t lad. 
$ H. H. Hayden : Memoira, Oedngieal Suwey of India, Vol. XXXVI, pt. 2 (1907). 
5 R. D. Oldhem : Records, Gdogieal Suwey of India. Vol. XXXI. 142 (1904). 
1) " The Geological Strnctum and Phyeical Features of Sikkim " in D. W. Freshfield's Round Kanqdunjarga, 

ZSCI (1903). 
9 3 n = e t .  or river (Tibetan). 
** Op. ci f .  298 ; see also " Note8 on a Mnp of the Glacicm of Kinchininnga " by the asme author in 

Q w p p h b l  Journal, Vol. X X ,  13 (1902). 
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special interest, and are regarded as cmbodping the main principles involved. They 
nre- 

(1) Lhat the Himalayan drainage system had bcen established before the ranges, 
across which the rivers now cut, had become axes of special elevation, 
and that when elevation finally took place its rate was not so great as to 
interrl~pt the course of the river, wbich was therefore able to keep its 
channel open by abrasion &crow the rising range ; 

(2) that the old rivers have been dammed by the rising ranger; and their valleys 
thus become lakes, the waters of which eventually overflowed and carved 
out gorges. 

The first of these theories, which me owe to Mr. 11. B. Bledlicott,* har been applied 
with striking success by Mr. R. D. Oldham to the river-valleys of the Hinlalaya and 
neighbouring areas. In the conlparatively young mountains of Baluchiatan, which 
was still under thc sen after the Himalaya had become dry land, he has followed out the 
earlier stages in the proceds of the formation of gorges and has subsequently extended 
these principles to the Himalaya themselves.? He has suggested that the present 
gorges of the Indus and the Rrahmaputra lie along the alignment of v~lleys which 
were defined at  the time when the upheaval of the Himalaya first began and when 
a pair of longitudinal valleys was established along the northern face of the rising 
mass, round the extremities of which the drainage escaped towards the south. This 
assumption is borne out by thc observations of Mr. Medlicgtt, who has shown t.hat the 
great Himalayan rivers are " antecedent " and that their debn~lchures in Siwalik 

* times were where they are a t  the present dny (supm, p. 210), whilst the nature of the 
Indus valley Tertiary deposits is evidence of the existence of a dtructural valley along 
t.he line of the Indus a t  a very early date (supra, p. 260). 

The second theory has been advanced by Colonel Burrard to explain the origin of 
the gorge of the Brahmaputm.S He has suggested that an old river-valley, having 
become blocked by the rise of a mountain range, has been filled by a lake, the 
overflow from which has subsequently cut a channel resulting in the present gorge. 
Such a diversion of drainage has been shown by Mr. R. D. Oldham to have occurred 
in one instance in Raluchistan,§ but in this case there is no tendency for the new 
channel to become a gorge. The water, where it issued from a lake, would hold no 
sediment and would consequently have practically no abrasive power, hence, except 
in areas of extreme aridity, the sides of the outlet valley would be worn away by 
atmospheric denudation concurrently with the excavation of the new channel, and 
the valley would have gently sloping, rather than precipitous, sides. 

There are several other difficulties in the way of the application of this process to 
the Himalayan gorges. In  the first place, me should expect to find well-marked lake 

* 3fanual of the ffeolwv of Indin. 1st edition. 676 (1879). 
t ffeogmphical JouhMl, Vol. 111, 169 (1894). 
$ .fnn. Rep., Board of dcienlific Advice for India, 1906-06, p. 67 ; also elipra, part 111, p. 66. 
9 Hewrdr, Qeolqltcal S u t w g  of Indin, Yol. SXV, 28 (1892). 
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depositti in the basins above the gorges. These, however, have nowhere been recog- 
nised ; the previously accept,ed views of the lacustrine origin of the Karemas of Kashmir 
have been recently disputed,* whilst the description given by the late Sir Richard 
Strachey of the pleistocene deposits of the Upper Sutlej valley? points to  an origin in 
part, if not entirely, fluviatile. 

On the other hand, basins of this kind filled with fluviat,ile deposib, and in some 
cases even holding lakes, are commonly found above gorges in almost all parts of the 
world, but i t  can usually be shown that they are due to the obstruction cawed by hard 
ban& of rock running across the valley. Thus, in the case of the Sutlej, the &ream after 
passing through the 8edimenta.r~ beds of Hundes encounters the hard granite of the 
great Himalayan range ; its rate of erosion is retarded, and, while slowly wearing 
its way down into a narrow trough in the hard rock, i t  works also lat,erally in the 
aofter beds, and so produces a broad basin above, in which alluvial deposits accu- 
mulate, and a gorge or " narrows " he1ow.S Thus the gorges have been developed 
concurrently with the open basins hehind the ranges rather than after, and as a 
consequence of the damming of, these. 

The two h-ypotheses above quoted are mutually conflicting, hnt so little is yet known 
of the actual conditions of the Himalayan rivers that i t  is desirable to keep both in view. - 
One fact, however, is clear, namely, that until systematic observations have been made 
of most of the great Himalayan rivers on the lines of the admirable work of Mr. R. D. 
Oldham in the Pind valley in KashrnirfS and of Prof. Garwood in Sikkim,ll we can 
make no advance in India in this most fascinating branch of historical researc.h, 
the history of the surface features of the earth. 

* Supra, p. 259; also Ellsworth Huntington: The Pulse of ;lain, 22 (1907). 
t Quarterly J o u r d ,  (Jeo!ogicul Society, Vol. 1'11, 306 (1851). 
$ For details aa to these procecleea see Sir A. Goikie : The Scenery of Scotlonil (1901); also Chamberlain and Selis- 

bury : Qeology, Processes and their reetdte (1805). 
f Rewrh, (Jedogieal Survey o/ Zndio, XXXI, 142 (1904). 
11 Quarterly . l o u d ,  Qwl+ml Society, Vo!. LVIII, 703 (190.3) : Oeqraphieal .lournal, XX, 13 (1902) ; .jppd;z 

k, I). W .  Freshfield's Round Kangchenlurq (19C3). 
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-. ,. b . .I 
ECONOMIC GEOLOGY OF THE HIMALAYA. 

The:Himalavan region is strikingly poor in minerals of economic value, there being 
only three industries which can be said to be established on a commercial basin ; them 
are the salt and the slate quarries in Kangra district and the sapphire mines of Kashmir. 

The salt quarries arc situated a t  Gurna and D r ~ n g  in Mandi State; they are ai; 
present only of local importance, theoutput in 1906 being 

Wt. about 3,600 tons.* 
The Kangra slate quarries, which are a t  Kanyara, have been worked with consi- 

derable succetw for some years pest. The rock is not a 
Slate. 

true clay slate, but is sufficiently fissile for the production 
of slabs and roofing-s1ates.t 

The sapphire mines, which are situated near Padar in Kishtwar, were first opened 
nearly 30 gears ago, but niter being worked for a few years 

Sapphire. were closed on account of diminution of 0utput.t Recently, 
however, the industry has been successfi~llp revived, the olltput being valued a t  
£1,327 in 1906 5 and E3,144 in 1907.11 

The other minerals found in the Himalayan region include : borax,' coal, gold, 
gSpsum, sulphur and ores of antimony, arsenic, copper, iron and lead. 

Borax is found in Ladak, where it is obtained as an efflorescence from the surface 
of thc allnvi~un of the Puga valley. The superficial coating 

Boru 
is scraped up and boiled with water in coppers ; the resulting 

brine is then cooled in small pits, when the borax crystallises out. The production a t  
Puga is quite insipdicant, almost thc whole supply of borax brought into India being 
imported from Central and Western Tibet. 

The chief occurrences of coal in the Himt~laya are amoog the Gondwana rocks of the 

Coal. 
Darjeeling Terai and Assam Duars and in the Tertiary beds 
of Jammu in Kashmir. 

As already pointed out (supra, p. 216), the Gondwana coal is usually too crushed 
to be of commercial value and such attempts as have hitherto been made to work i t  
have not met with success. 

The coal of Jammu occurs in a belt of Tertiary rocks to the north of the town of 
Jammu and comprises a number of fields known as the Ladda, Sangar Marg, Mehowgala, 
Siro valley, Knlakot and Lodhra coal-fields. 

T. H. Holland: Rceorda, ffedogicol Survey of India, Vol. XXXII, 85 (1905) ; XXXVI, 80 (1907). 
t T. H. Holland: Reumfa, U'edogical Survey of India, Vol. XYXII, 114 (1906). 

T. D. LaTouche: R d a ,  ffcohgical Surtqey of India, Vol. XXIII, 59 (1890). 
f T. H. Holland: Recotda, Ueological Surt-ey of India, Vol. XXXVI, 79 (1907). 
11 T. EL Holland : Recorda, UeoIogiarl Survey of India, Vol. XXXVII, 82 (1908). 



266 THE GEOLOGY O F  THE HIMALAYA. 

The seams are highly inclined and their thickness is very variable. The coal is 
much crushed and usually contains n high percentage of ash.* Experiments recently 
made, 4 t h  a view to testing the suitability 01 tht: coal for tho manufacture of briquettes, 
did not give favourable results and the prospects of the development of these fields as 
a profitable undertaking are not promising.? 

Another small coal-field occurs further to the north-west in the Kotli tahsil a t  
Dandli, but the prospects here are even leas promising.$ Coal also occurs in the 
xummulitic series in Hazara, hut its quality is pow and the thickness of the seams 
very variable.§ 

Reference has already been made to the small patches of lignite occurrine; in tht: 
sa.ndstones of the Siwalik series in the Sub-Himalayan zone (supra, p. 210). These 
have often given rise to expectations, always foredoomed to disappointment, of the 
discovery of workable coal-seams. 

Gold is found in small quantities in the gravels of almost all the chief riverzl cf 
the Himalayall and its recover? prcvides occupation for 

Gold. 
the local inhabitants during the winter, w h e ~  ag i -  

cultural work is a t  a standstill. 
I n  the Indus and its tributaries, and in thesutlej, wnshi~g by means of primitive 

cradps is carried on to a considerable extent, bnt the results are a t  present too insignifi- 
cant to raise this intermittent occupation to the status of a regular industry. 

I n  the Eastern Himalaya, the gravels of the Brahlnaputra and neighbowing rivers 
have long been known to be auriferous,l but so far no serious attenlpt h ~ s  been 
made to exploit them on modern principles. 

In Tibet, the gold fields of R.udob and Tholr J:tlung have been worked from very 
early antiquity and Herodotns' reference to the gold-digging ants, with the many 
ingenious commentaries to which it gave rise, is no donbt familiar to everyone.** The 
output of thc Tibetan fields, however, is quite unknown, a, circllmstance to which the 

- 

many stories of t,heir fahi~lous wealth are no doubt t,o be attributed. 
Gold i~ blso found in Afghanistan, but what was formerly the most producti~e 

mine in the country, that of Kagdaha.r, has long becn closed owing to the miners having 
lost the vein.tt 

G p ~ m n ~  occurs in thick beds, as the product of the alteration of limestone, in lower 
Spiti, at  a short distance above the junction o f .  the Spiti 

Gypst rn. 
a n d  Sutlej rivers. Although the quantity available is very 

large and the quality !ligh, the locality is too far from nlarkets and too inwcessible to  
offer any prospects of remunerative exploitation of the deposits.$$ 

- - - -- - - - - - - - - - - -- - - - -. - - 

+ R. R. Simpson : .Vetnoire, G~ological Survey of India, Vol. XSXII,  pt. 4 (1904). 
t T. H. Holland: Records, Geolrgiral Survey o f  India, Vol. XXXlI, 137 (1905). 
$ C. M. P. Wright : Record8, Geological Survey of India, VoL XXXIV, 37 (1900). 
5 C. 8. Widdiemias: -1Iemoir8, Geological Survey of India, Vol. XXVl (1896). 
(1 V. Ball : Manual of  the Geology of India, pt. 3 (1881). 
1 J .  Y. JIaclnren: Recorda, Geological Survey of India, Vol. XXXI, 205 (19W). 
*+ For literature on the suhjtrt we .Manual of the Geology of India, pt. 3, Art. G'dZ (1,5111). 

tt C. L. Griesbach : Alfernoir8, Geologiuzl Slcrvey of India, Vol. XVIII, pt. 1, 56 (1881). 
$1 H. H. Hayden : JIenioirs, Geological Sarraey of India, Vol. XXXVI, pt. 1, 101 (1904). . . 
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, Sulphur is found a t  Puga in Ladak, where it is deposited from hot springe. The 
quantity is small and the occurrence of little or no economic 

Sulphur. importance.* 
Sulphide of antimony (stibnite) occurs in some quantity near the Shigri glacier in 

the rallcy of the Chandra river in I.ohau1. Thr locality has long been known,? but no 
serious attempt had bean made to work it until quute recently, 

Antimony. ' when prospecting operations were undertaken and a mining 
lease obtained with a:viem to its exploitation. No information is as yet available as 
to the reslzlt of the operations. 

Orpiment, tho yellow sulphide of arsenic, is found in Chitml, HUIIZR and Kumsun. 
In  Chitral i t  hrls been mined for a long period, but  the produc- 

Arsenic. 
tion has fallen off in recent years, having dropped from a 

little under thirty tons in 1904-05 to less than ten in 1905-1906. 
Specimens have also been obtained from the Rishipjerab valley in Bnnza and the 

Shankrtlpa glacier in Kumaun,$ but the amount available in either locality is 
unknown. 

Copper-ore, chiefly in the form of the sulphide, chalcopyrite, is common in the 
schistose beds of the Daling series in Darjeeling district 

Copper. (supra, p. 228) 2nd in Rikkim clnd in the similar rocks of 
the Himalayan zone in the Lesser Hima!npn nf Ruimaun. 

.4s a rule the lodes are patchy 2nd irregular and no succes~ful attempt has yet been 
made to exploit them on ra large scale. Recently, however, the copper-ores of Sikkim 
have been attracting considerable attention, but no information is a t  present available 
as to the results of prospecting operations. 

Iron-ore is known to occur in some quantity in the lower hills in Kumaun,§ 
where numerous attempts have been made to establish a 

Iron. 
smelting industry 011 a commercial basis. All attempts failed 

however, presumably owing to the cost of transport of ore and fuel and there 
does not seem to b: much prospect of a successful revival of the industry. 

Iron-ore also occurs in Jammu State, where it underlies the coal measures, but 
has not been worked except locally and on a small scale. 

Numerolls other occurrences of iron-ore in the Himalayan region have been recorded, 
but none of these is a t  present of economic importance and they need not be enumera- 
ted here. Further information, ho~ever ,  will be found in the Manual of the Geobgy 
cf India, part 3 (1881). 

Galena, the sulphide of lend, is found a t  numerous places among the older rocks of 
the 1,esser Hinlalaya,jj but i t  is not known to occur in 

Lead. 
sufficient quantity to warrant serious exploittitian. 

I.'. R .  Jlallet : Jlenioira, Qeolgiml Sustvy of India. Vol. V, 164 (l8GG). 
t P. R.  Jlnllet : .lfemoirq, Geological Surt-ey of India, Vol. V, 165 (1886). 
$ ffecord8. Geological Sun-ry of India, Vol. XXXV, 28 ( lRO'I \ .  
9 T. H. Hughes : Records, Geologtcd Surrey of India, Vol. VII. 15 (IS', l ) .  
( 1  1'. Ball : Manwrl 01 the Georoqy of Imiia, pt .  3, Art. Lwd (1831). 
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APPENDIX. 

A few addenda and notes of warnli.mg zuhich should be 
read in conjunction w i t h  Parts I, I Z ,  I I I  and IV. 

Peak No. 60, Zndw-Nagar Watershed No. 2. 

,The name " Indw-Nagar Watershed peak No. 2 " has been allottad in Great Trigonometrical 
Survey Synoptical, Volume VII, to two peaks : on page 95-C there is 

Part I, page 4, table V. a peak of this name in latitude 36" 0' 13"-5 and longitude 74' 55' 1".5 
of height 24,470. On page 1 3 5 4  there is a peak of the same name in latitude 35" 51' 40".2 and 
longitude 75" 0' 20"-7 and of height 21,390 feet. The origin of this duplication of names has been 
explained on the ground that the numbering of peaks was started afresh in each square degree, 
but whatever the explanation, a system under which the same name has come to be applied to two 
different peaks can in no way be defended. The Indus-Nagar Watershed peaks of pages 92-C and 
95-C of Synoptical Volume VII will retain the names hitherto applied to them, whilst the Indus- 
Nagar Watershed peaks of pages 135-C and 1364  will be called in future Indus-Nagar Watershed 
peaks No. 7, No. 8, No. 9, and No. 10. Similarly in other cases, in which duplication of names 
have occurred, alterations will now be introduced. 

On page 322 of the Ice bound Heights ol the Mwuslugh, Mrs. Bullock Workman and Dr. Hunter 
Workman give their reasons for thinking that the Survey have miscalculated the position of the 
Indus-Nagar Watershed peak No. 2, height 24,470 feet. The two explorers ascended to a great height 
(23,394 feet), and thought a t  the time that they were climbing a flank of the Survey peak (height 
24,470 feet). Bu t  when they came to construct their map, they found that t,he peak which they had 
ascended was 4 miles north by east of the Survey peak. They were convinced that their peak, which 
they have named Pyramid Peak, is higher than the Survey peak and they were 

t h s  :,laced in the dilemma of considering eith~r that the Survey had misca!culeted t h ~  posltion of Peak 2. 
thils giving it a position foul miles too far south, or that Pyramid Peak is another and higher peak not seen and 
triangulated by the Survey." 

The maps of this high region are so inaccurate that  they may be disregarded : i t  is uselese to 
appeal to them. But the positions of peaks were fixed trigonometrically by the Survey, and are 
probably correct. The position of the Survey peak (24,470 feet) was determined from two indepen- 
dent triangles, and the discrepancy between the two values of position was only 7 feet. The 
height of this peak was determined from two different places and the two values obtained were 
24,482 and 24,461 feet. 

The evidence, therefore, is strong that the position of the Survey peak (24,470 feet) has been de- 
termined with fair accuracy and cannot be in error by 4 miles. 

It is quite possible that a higher peak standing 4 miles behind i t  escaped observation. The un- 
even crest-line of the intervening ridge may have obscured the higher peak from one or two of the 
stations of observation and have left the lower peak visible. The original angle-books show that in 
1862-63 Mr. Beverley observed an unnamed peak from his station of Chokh and found i t  to tie 2 de- 
greea east of the Indus-Nagar Watershed peak No. 2 This companion peak was, however, riot seen 
from any other station and Mr. Beverley's observation from one station only could not bu utllised . 
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Peuk No. 66, Kuen L-un No. I .  

The height cf this peak is uncertain. The position and height ol the peak were derived trom 
the observations or Surveyor Ram Singh, h i  Sahib, when he was 

Part I ,  p g e  4, table V. working under Dr. Stein in 1900 ; the angle-book was in the hand- 
writing of Dr. Stein himself. Ram Singh is an accurate observer, and his other observations taken 
a t  the same time as those of peak No. 66 have proved reliable. We had, however, some initial docbt 
whether t~ accept the peak No. 66 or not, because its position had been fixed from one triangle only 
and that a very acute one. But its height had been observed independently from two different 
stations, 4 miles apart, and whilst a value of 24,385 feet was obtained from one set of observations, a 
value 01 24,227 feet was obtained from'the other set. The agreement between these two values 
seemed to indicate that a very high peak was standing in this region, and peak No. 66 was admitted 
into our list on table V. The absence from Dr. Stein's letters and papers of all allusion to this 
apparently supreme peak of the Kuen Lun made us somewhat unewy, and when Dr. Stein visited 
Dehra Dun in December 1908 upon his return from Chinese Turkistan, he was consulted. He 
expressed his conviction that no peak of 24,000 feet exists in the locality, in which peak No. 66 has 
been supposed to be standing. Dr. Stein has explored this locality, and could not have failed, he 
thinks, to have been struck by the appearance of so prominent a peak. He is of opinion that the 
observations upon which the existence of the peak has been based must be in error. 

'*I 
4 

Tirich M ~ T .  

This description of Tirich Mir is only true if the mountain is viewed from the side of Gllgit or. 
Maetuj. From Chitral the higher flanks of Tirich Mir appear to 

Part I ,  page 11. be precipitous. During the summer i t  is seldom visible, being 
either enveloped in cloud or surmounted by a white " flag, " which looks like cloud but is possibly 
fine snow being blown off the summit. 

Heights of peaks. 

It hes been suggested in a review in Nature, December 3rd, 1908, page 133, that the altitudes 
of peaks should be reduced to round numbers, that the height of 

Part I ,  page 16. para. I. Mount Evereat, for instance, should be given as 29,000 instesd of 
29,002, and that of Kinchinjunga as 28,150 instead of 28,146. We think, however, that i t  is beat to 
adhere to the p r w n t  system, because a precise value of altitude is a ready means to the identi- 
fication of a peak. 

Gasherbrum. 

In table XVIII, group XIV, column 6, the bracket should embrace the four Gasherbrum 
Part I ,  page 40. peaks only and not the peak of K2. 

Kabru. 

The name Kabru belongs rather to the high-level ridge itself than to the peak a t  either 
Part I. chart VI. end of it. i 

The height, 21,970 feet, given to the peak a t  the western end of the Kabru ridge in the third 
panorama of chart VI is incorrect. The two Kabru peaks are very nearly of the same height, and 
are both about 24,000 feet : for Tanner's descriptioxl of Kabru see page 8 of Part I. 21,970 feet is the 
height of Litt!e Kabru, see Garwood's map attached to Douglas Freshfield's Round Kangdenjtcqa. 

Part 1. pages 9, 20. 43 ; Referred to us " Sin+ " by Rai Bahadur Sarat Chandra Das, 
Part 11, peges 62. 77, 78, 89 ; C.I.E. : Jortn?e,t/ to Lhasu and Central Titet ,  page 6. 
Part 111, page 152. 
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Karo La. 

See Rai Bahadur Sarat Chandra Das, C.T.E. : Journey to IIhaua and Central Tibet, page 
Put  II, page 95. 173. 

Yamdrok Tao. 

P.rt 11, page 95 ; 
With regard to the name Palti '(Yamdrok) see the note by 

p u t  III, pager 156, 157,189, W. W. Rockhill in Journey to Lhusa and Central Ttht  by Rai 
100, 202, 203, 204. Rahadur Sarat Chandrn Das, C.I.E., page 188. 

Part 11, pager 111, 112 ; The word Sangpo should have been written Teangpo. In the 
Part 1x1, pager 125, 127, 118, Imperial Gazetteer of India, Volume I, pages 19, Zi, Volume IV, page 

157-160, 188. 499, it is written " Tsen-po." 

Kuen h n  range. 

The warning given on page 103 of Part I1 is repeated here. In the frontispiece of Part I the 

Put  XI, page 103, footnote. 
axis of the Central Kuen Lun has been drawn too far north. In 
longitude 84' the axia should have been placed in latitude 36'. 

Chart XXXV repeeta this mistake. Chart XXIII is correct. 

Part 11, Chart XVII. 
On this chart Huang ~hould Ee Hoang. 

The Hindu Kwh.  

It has been pointed out in a review in Nature, December 3rd, 1908, page 133, that our descrip- 
tion of the Hindu Kush ranges on page 123 of Part I11 does not 

Part 111, page 123. para. I. tally with figure 2 of chart XXI. The description on page 123 
will be found to be in accord with the frontispiece to Part I. As was explained on page 101 
of Part 11, the figure 2 of chart XXI was purposely made to differ from the frontispiece in order 
to illustrate our uncertainties. In the two charts we have offered two different solutions of the 
problem. Whilst we agree with the reviewer in Nature as to the difficulties attending orographical 
analysis, we are of opinion that the uncertainties surrounding the Hindu Kush may prove to be due 
to the want of systematic surveys and may disappear when more accurate maps become available. 
6 1  
Ll i: 6 - 
, I l  - - The. Brcrhmaptra. 

The water-parting between the Brahmaputra and the Tibet Lake basin cannot be drawn with 
certainty. The position assigned to this water-parting on charte 

Part 111, page 155. XXIII, XXX and XXXV is conjectural and is not baaed upon 
surveys. Until survoys of this region have been carried out, it will not be possible to indicate, except 
in a very rough Way, the northern boundary of the baein of the Brahmaputra. 

The warxuxu3 given m the last paragraph of page 125 of Part I11 is thus very hportsnt. 
The second paragraph of page 95, Part 11, contains the same warning. 

K 



APPENDIX. 

The K u w  river. 

The angle, a t  which the Sor Laspur tributary joins the Kunar river a t  Mastuj, is deserving of 

Part 111, page 155. attention. This tributary ki ahown on chsrt XXXIV of Part  
111. 

Spei!irig adopted from the map published with the Imperial Gazetteer. In  the body of that work 
(Volume IV, page 119) it is mitton Shigatae, a modhcation-of Yhi-ga- 

Part 111, pages 155, 156, 158. 
tw, the form emplo~ed E!- Major W. P. G'Connor. 

The brothers S tmhey .  

Henry Strachey was alone in 1846 ; Richard Strachey did not visit h a s e r o w a r  till 1848. 

Part 111, page 162; line 9. 
(Geographical Journal, volume XV, 1900, and Journal, Royal Geo- 
graphical Society, Volume XXI, 1851 .) 

The Kurkulti Glacier flows into the Yasin river, and not into t he  
Part 111, page 196. 

Hutiza as str.ted on page 196. 

Since this table was drawn up, the work of Mr. C. S .  Middlemiss in Keshmir hes tended ' to 

Part N e  2g2, table XLI ; show that the Panjal Volcanim are younger than tho Lipak series. 
page 245. 
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GEOGRAPHICAL INDEX 
The vduea of latitude and longit.ude given in this index to the more important,-geographical names occurring 

in Parts I, 11, I11 and IV, are intended only 8s rough aids to the locali~ation of places on maps : as many of them 
values have been derived from small soale maps, the index should not be utilised in scientific discussions or con- 
troversies. In certain cases, more especially in those of Tibetail lakes and of paases and glaciers, the vaiues of 
latitude and longitude rest on doubtful evidence, and have been entered only to enable future explorers to correct 
our figures. Tn casee when two or more peaks bear the same name, mean values of latitude and losgitude 
have been given in this index. 

Abrupt peak . . . . 
Achik Kul . . . . 
Addan Tso . . . . 
Afghanistan . . . . 

Aghil . . . . 
&ram . . 
Aig Kum Kul . . 
Aka Hills . . 
Akhnur . . 
Aksai Chin . . 
Aksu . . 
Alai . . 
Alaknanda . . 

Alatau . . . . 
Alichirr Pamir . . . . 
A h g  Kangri . . . . 
Almaligh . . . . 
Almora . . . . 
Altai . . . . 
Altyn Tagh . . . . 
Ambersilwara, see Imeelwara. 
Ammu . . . . 
Amneh-machin . . . . 
Amu Darya, see Oxus. 
Amuninoku . . . . 
A n a m b a d  . . . . 
Angirtakshia . . . . 
Api . . . . . . 
Api-Nampa . . . . 
Arakan . . . . 
Aral . . . . 
Arkari . . . . 
Arka Tagh . . . . 
A r m  . . . . 
Artush . . . . 

J.dTITV DE. 

0 I 

36 30 
37 3 
31 23 

. . 

36 0 

36 19 
37 30 
27 0 
32 54 
35 30 
38 15 
39 30 
30 30 

45 0 
37 46 
32 46 

. . 
29 35 
46 0 
37 10 

27 30 
34 30 

. . 

. . 
36 0 
30 0 

30 0 
21 0 
45 0 

36 0 
36 30 
33 12 

. . 
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I 

CRABTS. i 

Frontispiece, XIV 

. . 
Frontispiece 
X, XI, XIII, XIV, XVI, 
XXIV, XXXVI. 

. . 

. . 
XX, XXXIV, XXXV 

. . 

. . 

. . 
Frontispiece 

. . 
VII, XIII, XXIV, 
XXV, XXVI, XXXI. 

XX, XXI, XXXIV 
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Arun Koei . . 

Aru Tso . . 
Asnar . . 
Assam . . 
Assam IIimalsya 

Aetor . . 
Attock . . 
Ayi . . . . 
Babai . . 
Badraj . . 
Badrinath . . 

Baghmati . . 
Baghraah K d  . . 
Ba@i . . 
Ba~an Kara Ula 
Baikal . . 
Balasan R. .. 
Balchha . . 
Balkash . . 
Baitistan . . 
Baltoro . . 
Bamian . . 
Bandarpunch . . 

1 Bandipur . . 
I Bangahal . . ' Bangalore . . 1 Banog . . 
/ Baralack 

. . 

1 Barigar . . 
Barkak . . 
Barmal . . 
Baroghil . . 
Barphang Gonpa 
Barpu . . 
Baeaoli . . 
Baemagul . . 
Baepa . . 
Bathang . . 
Batura . . 
Baxa . . / Beas . . 

' 

LATITUDE. 

l o  . . 

. . 

. . 

.. 

.. 

.. 

.. 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

.. 

. . 

. . 

.. 

.. 

. . 

. . 

CEANs. 

xm, xv, xxvm, 
x m ,  rxwn. 

. . . .  

. . . .  

. . . .  
w 

. . . .  . . . .  

. . . .  
XXVI 

. . . .  
VII, vIn, x, XI, XIII, 
XVI, XXIV, x w ,  
XXXI, XXxIV, XXXV. 
x x m ,  m~,  x x w  

. . . .  

. . . .  . . . .  

. . . .  

. . . .  

. . . .  
xxm 

. . . .  

. . . .  

. . . .  
*vrn, xvr, xxxv, 

LONGITUDE. 

0 I 

87 10 

82 30 
. . 

95 0 
92 0 

74 52 
72 16 
80 0 

82 15 
77 57 
79 17 

85 30 
87 0 
79 55 
96 0 

107 0 
88 21 
80 12 
75 0 
75 0 
76 30 
67 50 
78 33 

27 0 

34 0 
. . 

27 30 
28 10 

35 21 
33 53 
31 43 

28 45 
30 29 
30 44 

27 10 
42 0 
30 33 
34 40 
53 0 
26 45 
30 18 
46 0 
36 0 
35 45 
34 50 
31 

XXXI, Xxm, XXXV. 
. . . .  

xvm 
. . . .  
. . . .  

XXII, XXXI, XXXII, 
XXXIII, XXXIV. 
xxxrn 

. . . .  

. . . .  
.. 
XXXIV 

. . . .  

. . . .  

. . . .  

. . . .  
XVI, wm, xxu 
XXII 

. . . .  

. . . .  
Frontispiece, m, 
XVIII, xxm, xxxx, 
m, X X r n s  
XXXVT. 

PAOES. 

66,83,149, 150,151, 
153, 166, 178, 179, 
181, 183, 184, 185, 
189, 190. 
205 . . 
133 . . 
218,228,265 
4, 5,  6, 76, 77, 92, 
119,124,125,153,155, 
160, 178, 199, 220. 
173,220 
171, 172, 174, 177 
94 . . 
144 .. .. 
89 . . 
6, 18, 33, 77, 78, 79, 
139, 141. 

132,144,148, 181,189 
198 . . 
195 
104,110;129 
198 . . 
216 .. 
92 
119, 198' 201 . . 
92,97,241,242 
176, 194, 196 
248 . . 
6, 18,39, 139 . . 
225 . . 
88, 166, 196,222 . . 
51 .. 
9,89 . . 
84, 166, 167, 168 . . 
168, 169, 180, 224, 
225. 
147 . . 
102 . . 
195 . . .. 
102,176,247 . . 
145 .. 
196 . . 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

.. 

.. 

.. 

. . 

. . 

. . 

74 40 
32 20 / 77 0 
13 1 1  
30 29 
32 45 

34 13 

. . 
34 22 
34 0 
36 53 

. . 
36 10 
32 30 

The picture of Bandnrpuncl~ peak all1 be f ~ u n d  facing I age 89 of Part I. 

77 35 
78 1 
77 25 

74 19 

. . 
66 6 
75 50 
73 21 

. . 
74 
76 

34 10 
31 20 
30 0 
36 35 
26 60 
31 45 

1 166 .. 
74 10 169 . . 
78 30 84,88 .. . . 
99 3 0 1  .. . . 
74 40 , 196 . . 
89 36 228 . . 
77 0 / 84, 88, 90, 132, 161, 

165, 178, 180, 181, 
188, 211, 245. 
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Bedeeni . . . . 
Behat . . . . 
Behling . . . . 
Beyah . . . . 
Bhadal . . . . 
Bhaga . . . . 
Bhagirathi . . . . 

Bhamo . . . . 
Bharti Khunta . . . . 
Bhim Tal . . . . 
Bhoroli . . . . 
Rhotie Koei . . . . 

/ Bhutan . . . . 
/ Biafo . . 

Bilaspur . . / Birehi . . 

Birond . . 
i Blaini R. . . 

Blue River, see Pangtee. 
I B ~ g a  . . , Boj . . . . 

Bolan . . 
; Bolor 
1 Bonvalot'8 pcsla' 

1 Boorendo . . 
I Boyohaghurdonas , Brahmaputrm . . 

, waterparting 1 nozh of. 
I Braldo . . . . 

Brama . . . . 
Budi . . . . 
Bum TBO . . . . 

I . . . . 
Bunnuk (or Banak) 
Buran ghati . . 
Burgi . . 
Buria Gandak . . 
Burkhan Buddha 
Burzil . . 
Bus .. . . 
Byans . . 

LATITUDE. 

Frontispiece, IX, 
XIV, XV, XVII, XXIII, 
XXVI, XXVII, XXVIII, 
XXIX, xxx, XXXI, 
x-, XXXVI, 
XXXVII. 

1.ONOITUDE. PAOES. 

I 

. . 

. . I 165 . . 
77 0 ' 166  .. 
77 10 166, 167, 196 . . 
78 20 ) 69, 78, 89, 133, 137, 

138, 139, 178, 181, 
185, 188, 190, 196. 

97 13 1 126, 127 
79 4 119 .. 
79 33 203 .. 
93 0 
86 0 83,84, ikg, 151, 18'6, 

181, 185, 189. 
89 30 216, 220, 221, 228, 

I 241. 
... 75 40 96, 176, 194, 196 

76 47 166,180 
83 0 144, 145, 147, 186; 

178, 182. 

CHdBTS. 

. . . .  

. . . .  

. . . .  . . . .  . . . .  
xxxm 
x, XI, un, XVI, 
xxrv, XXXVI, 
XXXVII. 

. . . .  

. . . .  

. . . .  
XXX 
xm, x x m ,  xxxw 

.. 
XXXIV 
XIX, X X H  
Frontispiece, XIII, 
XVI, XXVI, XXXVI, 
XXXVII. 

79 43 1 52 . . . . . .  
77 8 1 223 . . . . . .  
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Caroline . . 
1 Caucasus . . 
i Chadir Kul . . 

Chahardar . . 
Chakmalitin . -. 
Chakmta . . 
Chamba . . 

. . 2 : :  .. 
1 Chltndm . . 
, Chandra Bhaga . . 
/ Chsng . . 
1 Changchenmo . . 

Changlung . . 
Chaprot . . 

( Charemaru . . 
Charks . . 

I Charta Sangpo . . 
1 meens . . 1 Chenab . . 

Cherchen . . 
I Chetang . . 
( Chgumbi Dun . . 
, Chiamdo Chu . . ; Chikkim . . 

Chilas . . 
1 Chingchingmauri ' Chiragh Tar . . 
/ Chirhitya . . 

Chiring . . 
1 Chitra! . . .  

1 Chogolisa . . 
I Chogo Lungma . . 

Chogo Ri . . 
. . 

Cholamo . . 
Chomto Dong . . 
Cho-ur-dzong . . 
Chumalhari . . 
Chumbi -. 

I Chumunko . . 
Chumurti . . 

I am . . 

/ ~a Chu . . 
! 

I LATITUDE. LONGITUDE. 

I 
I 

PA0 ES. CHARTS. 

-- -- - - - - 

Frontispiece, IX 

VI 
XXXIII 
XXXm 
. . 

. . 

. . i 

Frontispiece, IX, ' 
XIV, XVI, XVIII, I 

xxm, xxxr, xxxn, 
XXXIII, XXXIV, ~ 
XXXVI. 
x x n  

114 .. . . 
6. 13. 14. 18, 33, k 1 nu, X X ~ I ,  x n x ,  
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Dairrnnl . . 
Dal . . . . 
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FOLDING IN THE 

SUB-HIMALAYAN ZONE PLATE XXXIX 

Plg. 1. Simple folding. Fag. 2. Emmad folding. Pig. 3. Overthrwt. 
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FIG. 4. SECTION THROUGH THE KOTAH DUN. 

8.47.W. N.~PE. 

FIG. 6. SECTION ACROSS THE SONA NADI. 

Sn* 1 Inch= 1 Mile. 

FIGS. 4 t o  7. SECTIONS THRQUGH THE SUB-HIMALAYA OF GARHWAL AND KUMAUN. 

(aftar C. S. di iddkmur.  Hem., Uedopical Suwey of India, XXIT, Ppl, 2.) 

r = Recent 
d = U. Siwalik Conglomerate. 
c -.. I. Siwalik sand rock. 
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(after H.  a. Hayder,  Men. ,  Geological Suroey of Tndia, XXXVI, p t .  2 )  
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2. Raimanla systcm 
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4. Productus shales. 
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Lissar, Qanga Dhauli Qanga 

1' H P i m h s ~ s t e m  FIG. 2.-SECTION BETWEEN THE NAULPHU NIPCHUNQ HEIGHTS AND THE RANGE WNCH DIVIDES 

2. Muth system THE KUTl YANGTI FROM HUNDES, SOUTH OF THE MANKSHANQ. 

(after C. L. ffrierbnch: Ilrm., Gal-I Sumq of  I d i q  XXIZZ] 

Scak I Inch = 3 Milea. 
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1. Slats aaria 4. Sum-Cmtaaoua FIG. 3.-SECTION IN HAZARA FROM SIRBAN TO TAUMI. 
2 InIratrios 5. Tertiary 
3. Triaa (after C. S. Middlemiu: Mem., Geological Svraey of India, X X Y l j  6 River QraveL 
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