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Tibet  i s  one of the  l a r g e s t  regions of China i n  t e r r i t o r i a l  extent .  
I t  i a  s i t u a t e d  on the  worldt e highes t  and most extensive  pla teau -- the  
Tibetan highland. The n a t u r a l  condit ions of Tibet ,  occupying the  m a t -  
e m ,  most u p l i f t a d  p a r t  of t h i s  upland, a re  diatinguiehed by extraor-  
d i n a r i l y  unusual and s ingu la r  contraata .  Suf f i ce  it t o  mention t h a t  the  
e leva t ion  above aea l e v e l  of the  northern p a r t  of the  t e r r i t o r y  of 
Tibet ,  the  so-called Changtang Desert, reaches 5,000 metera, and t h e  
cl imate i s  dis t inguished by an e x t r a o r d i n a r i l y  in tense  con t inen ta l i ty .  
A t  the  same time, on the  southern slope of t h e  Himalaya, p a r t l y  wi th in  
the  boundaries of Tibet  and sub jec t  t o  t h e  ac t ion  of the  moist Indian 
monsoons, sub t rop ica l  and t r o p i c a l  vegeta t ion f lour iahes  luxur iant ly .  

In  t h i a  book c h a r a c t e r i s t i c s  of t h e  surface  s t r u c t u r e  of Tibet and 
types  of r e l i e f  a re  given. Also examined a re  c h a r a c t e r i s t i c s  of the  
c l imate ,  hydrography, vegetation,  and animal world, andeghysical- 
geographic regions a re  del ineated and described. The book i s  of i n t e r e s t  
n o t  only t o  geographers and n a t u r a l i s t s  (bo tan i s ta ,  zoologis ts ,  cl imat-  
o l o g i s t s ,  bu t  a l s o  t o  laymen, s ince  it informs us about one of t h e  l e a s t  
s tudied regions  of the  globe. 

INTRODUCTION 

In  t h i s  book, presented f o r  the  considerat ion of the  reader,  a re  
given t h e  physical-geographic o h a r a c t e r i s t i o s  of Tibet ,  an autonomous 
region of China t h a t  is  q u i t e  d i s t i n c t  and s ingu la r  i n  i t s  n a t u r a l  
condit ions.  



Tibet occupies the nestern half of t he  world's highest and most 
extensive highland, the so-called Tibetan highland, extending in to  the 
depths of Asia over an area of two mil l ion square k i l m e t e r s .  

The Tibetan highland and a l l  the natura l  phenomena cha rac t e r i s t i c  
of t h i s  highland are  s t r ik ing  i n  t h e i r  uniqueness and grandiosity,  no t  
being repeated on auoh a scale i n  any other region of the globe. The 
average elevat ion of the highland above eea l a w 1  i s  4,500 meters. 
Beneath i t s  broad h i l l y  plains  oould be oonoealed the Alps and the 
Caucasus, and only the snarolad peaks of such mountains as  Elbrue 
(5,633 meters) and Kazbek (5,048 meters) would r i s e  somewhat above the 
surface of these plains.  

The scope of tec tonic  movements on the highland has been unusual, 
and as a resu l t ,  a pa r t  of the Asiat ic  continent t h a t  i s  immense i n  
area was l i f t e d  t o  an elevation of 4,500-6,000 metera, although it was 
s t i l l  s i tua ted  a t  sea level  i n  Tert iary times. No l e s s  s t r i k ing  i s  the 
epeed of these movements, which f o r  the post-glaoial e r a  has been around 
10 meters per century. Finally, the Tibetan highlmd i s  s t r i k ing  due t o  
the extraordinary oont inental i ty  of the climate of i t s  inner regions, i t s  
biological oharaoter is t ios ,  and the  makeup of i t s  p lan t  and animal popu- 
la t ion.  

A considerable pa r t  of the t e r r i t o r y  of the  upland i s  made up of a 
rocky deser t  region, the Changtang, above whose plains  r i s e  mountain 
ranges, ch ief ly  with ab east-west or ientat ion,  often t o  heights of 
6,000-6,508 meters or more. 

Tibet proper ( i n  i t e  administrative boundaries) occupies only a 
pa r t  of the highland, but  i t r  t e r r i t o r y  extends almost 1,400 kilometers 
from west t o  eas t ,  and f o r  1,000 kilometers from north t o  south. It 
possesses many in te res t ing  physical-geographic fea tures  . This' j u s t i f i e s  
us i n  regarding Tibet as an object meriting independent physical- 
geographic study: it i s  here t h a t  the  typ ica l  fea tures  of the na tu ra l  
conditione of a highland are moat c l ea r ly  and f u l l y  expressed. 

The pr incipal  of these features  are  these: 

1. The . te r r i to ry  of Tibet embraces the western, highest  pa r t  of 
the highland, having an immense area of i n t e rna l  drainage. 

2, The mountain ohains of the Himalaya and the Transhimalaya, 
framing Tibet on the south, in the form of tremendous east-west bar r ie rs .  
These block the path of the warm moist monsoons from the regions of 
inner Tibet and sharply in tens i fy  the cont inenta l i ty  of i t s  climate 



(an exception a r e  t h e  ranges i n  t h e  eas te rn  p a r t  of t h e  highland which 
have a north-south o r ien ta t ion ,  and due t o  t h i s  o r i e n t a t i o n  t h e  monsoons 
the re  penetra te  unopposed a s  f a r  northward a s  33O N.) 

A l l  of t h i s  causes a s ingular  developnent of physical-geographio 
processes in the  t e r r i t o r y  of Tibet  -- c l h t i o ,  developnent of the 
hydrographic system, d e v e l o p n t  of r e l i e f ,  formation and development 
of vegeta t ion and animal l i f e  and, p r ino ipa l ly ,  it l e a w s  a f i rm 
imprint  on a l l  t h e  eoonmic a o t i v i t y  of t h e  people. 

It waa t h e  e r t raord inary  singularity and the  inadequacy of previous 
fesearch work on t h e  n a t u r a l  oondit ione of t h i s  extremely i n t e r e s t i n g  
region of our f r i end ,  Greater China, t h a t  a t t r a c t e d  our a t t a n t i o n  t o  
i t s  study. 

Helping i n  the  preparat ion of t h i s  book wi th  t h e i r  valuable advice 
were: A. G. Bannikov, G o  I. Vitvi takiy ,  E. M. Mureayev, A. I. P e r e l f -  
man, V. M. Siniteyn,  V, M. Fridland,  A. A. Yunatov and a l s o  the  e d i t o r  
L. So Abramov. The author i a  g r a t e f u l  t o  them f o r  t h e i r  ass is tance.  

BRIEF RESUME OF THE HISTORY OF TEE KXPLOEATIOIV OF TIBET 

(Only a b r i e f  review i s  given here of t h e  moat important expedit ions 
by explorers  who have supplied general  geographic information about 
Tibet. I n  regard t o  s p e c i a l  research [geological ,  botanical ,  eto.] ,  
t h e  author f e l t  it was poss ible  t o  l i m i t  himself t o  using such da ta  i n  
corresponding chapters . ) 

The h i s t o r y  of geographic explorat ion i n  Tibet  takes  i n  many 
centur ies .  Tibet  and the  Tibetans, a l ready populating t h e  t e r r i t o r y  of 
the  Tibetan highland i n  the  f o u r t h  century, B. C., and bordering on t h e  
Chinese, were very f a m i l i a r  t o  the  l a t t e r .  Chinese science made the  
p r i n c i p a l  con t r ibu t ion  t o  t h e  s tudy of Tibetan geography and h i s to ry ,  
and works of Chinese authors served as  source mate r ia l s  from which 
European scholars  f o r  many, many years  have ex t rac ted  information about 
Tibet. The most ancient  dooument known t o  us which conta ins  information 
about T ibe t  i s  t h e  chronic les  of t h e  Tang dynasty (The Tang dynasty 
puled from 618 t o  907 A. Do), and of more recen t  documents -- A S t a t e  
Geo r a  h  ransl slated i n t o  t h e  Russian by A. Leyontlyev, St .  Petersburg, 

i n  which T ibe t  i s  discussed i n  the  chapter 'Western Dean", and dl- , - 
t h e  Cen t ra l  A s i a t i c  Geographical Dictionary t h a t  was publiahed i n  
Peiping i n  1766. 

The f i r s t  references  t o  Tibet  i n  European l i t e r a t u r e ,  i d  t h a t  i n  
t h e  form of clouded legend, i s  found i n  t h e  works of Herodotus- I n  the  
t h i r d  book of h i s  works Herodotus tel ls  U s ,  ev iden t ly  i n  smeone e l s e f a  
words, about a country of gold-digging ants.  This oountry i s  s i t u a t e d  



t o  the  north and nor theas t  of Kashmir. By a n t s  a r e  probably meant t h e  
gold seekers who wrapped themselves i n  th iok  blaak c lo th ing  and worked 
i n  p i t s  t h a t  were s p e c i a l l y  dug f o r  t h e  production of gold. They do, 
i n  a c t u a l i  t y o  resemble a n t s  buey digging. The f i e r c e  monsters mentioned 
by Herodotus -- t h e  guardians of t h i s  land and i t 8  t r e a s u r e s  -- are  
nothing more than huge Tibetan dogs. 

With the  works of Strabo, information on T ibe t  becomes more con- 
c re te .  Rolemy gives  s t i l l  more d e f i n i t e  and r e l i a b l e  desc r ip t ions  of 
Tibet;  he r e f e r s  t o  Tibet  as Baut, which resembles the  name 'Bod" 
(The o r i g i n  of the  name "Bod" has n o t  y e t  been explained.) ,  up t o  t h a t  
time used by the  Tibetans. Ptolemy s i n g l e s  ou t  the  marginal mountain 
ranges of Tibet ,  t h e  Kunlun and the  Himalaya and mentions T ibe t '  s msin 
r i v e r ,  the  Taangpo. 

A s h o r t  r epor t  on Tibet  oan be found i n  t h e  geographic work 
Kanon Maaquda of t h e  outstanding Arab scholar-encyclopedist  of t h e  X I  
oentury, Biruni. 

I n  t h e  X I 1 1  century repor t s  about Tibet  began t o  come i n t o  Europe 
from European t r a v e l e r s  who v i s i t e d  China and Cent ra l  Asia. Of spec ia l  
i n t e r e s t  were repor t s  of t h i s  oountry beyond the  clouds t h a t  came from 
the  remarkable Venetian merohant and explorer  Marco Polo, who l i v e d  f o r  
a long time i n  China and t rave led  a g r e a t  deal  through Asiao I n  - The 
Book of Marco Polo he t e l l s  about China, India ,  and many o ther  countr ies .  
His b r i e f  bu t  informative repor ta  give the  f i r s t  r e l a t i v e l y  r e l i a b l e  
pioture  of n a t u r a l  oondit ions i n  Tibet  and i t s  population.  "You can go 
f o r  a good 20 days through t h i s  country," Marco Polo t e l l s  us "and the re  
a re  ne i the r  i m s  nor food; f o r  t h e  e n t i r e  20 days it i s  necessary  t o  
supply your own food and fodder f o r  t h e  animals; b e a s t s  of prey, dar ing 
and mean, a re  o f ten  encountered; it i s  neoessary t o  take heed of them f o r  
they a re  dangerous. However, t h e r e  a r e  q u i t e  a few c a s t l e s  and v i l l a g e s  
here." (The Book of Marco Polo 1955, page 134). 

Fur ther  information about Tibet  began t o  come from emissa r ies ,  mer- 
chants, and Catholic miss ionar ies  who were s e n t  t o  China and Cent ra l  Asia 
by t h e  r u l e r s  of Western oountr ies  and by t h e  Pope of Rome a t  a time 
h e n  t h e  empire of the  Mongolian conquerors was a t  t h e  he igh t  of i t s  
power o 

Monkso t r a w l i n g  t o  t h e  Mongolian khan o r  t o  China, v i s i t e d  Tibet ,  
and some even succeeded i n  l i v i n g  t h e r e  f o r  severa l  years .  

The f i r s t  monk t o  visit  Tibet  was ev iden t ly  Mateo Ricchi (1325) 
o r  -- which i s  indisputable  -- Odorico of Pordenone, who, having l i v e d  
th ree  years  in Peiping and re tu rn ing  t o  h i s  homeland through Shensi ,  
entered Tibet  in approximately 1325-1326, where he l i v e d  f o r  some time 



i n  one of t h e  o i t i e s ,  possibly,  it i e  assumed, i n  Lhasa. Odorico was 
almost uneducated, but he loved t o  t r a v e l ,  was observant, and, together  
wi th  various fabr ioa t ions  and legends, he noted a g r e a t  dea l  t h a t  was 
important and oor rec t ,  and f o r  t h i s  reason h i s  notes  remain one of the 
most important dooumenta about China snd Central  Asia of t h a t  time. 
After  Odorico the re  were long periods,  r i g h t  up t o  t h e  XVII  century, 
when the re  were no Europeans i n  Tibet .  

I n  1624-1625, Antonio de Andrada made h i s  way i n t o  Tibet  fram India. 
He was t h e  f i r s t  European t o  olimb the Himalaya Range or  t o  visit  one 
of t h e  main sources of the  Gangee and a l s o  t h e  val ley of the  upper 
S u t l e j  and Lake Manaenrowar. In  1625, De Andrada es tab l i shed  a r e l i g i o u s  
mission i n  Tibet  t h a t  continued t o  e x i s t  f o r  16 years. The members of 
t h i s  mission, Francisco Aeevedo, Esteben Cassel la  and Juan Cabral, made 
a s e r i e s  of t r i p s  through Tibet ,  expanding European concepts about these  
regions of Asia. Also of i n t e r e s t  a re  t h e  J e s u i t  expedit ions and those  
of t h e  Austrian, Johann Grueber and t h e  Belgian, Albert  d ' Q r v i l l e ,  who 
i n  1661, having l e f t  Peiping, paseed through the  Tibetan highland and 
pas t  t h e  high mountain lake,  Kukunor, t o  Lhasa, where they l ived  f o r  a 
month and a ha l f .  As a r e s u l t  of t h e i r  journeys the  geographic- loca t ion  
of many places  was made more precise ,  and t h e  map of Asia was substan- 
t i a l l y  improved, and information about the  Tibetans was a l s o  supple- 
mented . 

I n  1715, t h e  Tuscan J e s u i t  I p p o l i t o  Desideri  and h i s  companions 
v i s i t e d  Tibet .  Their object ive  was t o  prevent the  a c t i v i t y  of the  
Capuchins who had founded t h e i r  mission i n  Tibet  i n  1708, and t o  reopen 
t h e  J e s u i t  mission, and develop i t s  a c t i v i t y .  

Desideri  passed through the  p la ins  of Tibet  from t h e  c i t y  of Leh 
t o  Lhasa, i n  which he then l i v e d  some time. The missionary wrote a 
geographical sketch of Tibet ,  f u l l  of p rec i se  and valuable observations 
and notes.  This sketch acquaints t h e  readers  wi th  Lhasa and many 
monasteries, wi th  t h e  customs and the  way of l i f e  of t h e  Tibetans. 

During t h e  s t a y  of Desideri  i n  Lhasa, i n  1719, t h i r t e e n  Capuchins 
a r r ived  t h e r e ,  headed by Francisco Orazio d e l l a  Pema. Passing more than 
a q u a r t e r  of a century i n  Tibet ,  d e l l a  Penna s tudied the  Tibetan 's  
language and country well .  He and a member of t h e  B e l l i g a t i  mission 
l e f t  meaty notes  and l e t t e r s  and a l s o  pen sketches and paint ings  of 
various r e l i g i o u s  ceremonies and layouts of temples. 

Worthy of mention i s  Van de Put te ,  a Dutchman, who t rave led  from 
Ind ia  through Lhasa t o  China i n  1724. The t r a v e l e r  compiled a map of 
t h e  t e r r i t o r y  between t h e  Brahmaputra and t h e  Ganges, which, although it 



wae only roughly sketched, m e  r a t h e r  precise .  Van de P u t t e 9 s  exten- 
e i w  d i a r y  was burned a f t e r  h i e  death, a s  wae h i e  wish, and very scanty 
information r a e  preeerved. 

Rro F'rench monke, the  Lazar i r t e  Huc and Gabet, made a long journey 
through Tibet. From the  Chineee c i t y  of S in in  they passed Lake Kukunor, 
t h e  eas te rn  ehor t  of t h e  l a r g e e t  lake in Tibe t  proper -- Nam Tsho 
( ~ e n ~ r i - N U ) ,  and i n  the  beginning of 1846 they reached Lhasa. Af te r  
one and one half  months they were expel led from Tibet. A desc r ip t ion  of 
t h i e  journey wae l a t e r  published i n  many languagee. However, t h e  
s c i e n t i f i c  value of t h e  t r i p ,  a s  eeveral  e p e c i a l i s t a  note, was n o t  high: 
l i t t l e  i s  eaid  i n  the  book about t h e  geography of t h e  places  v i s i t e d ;  
the  information i s  somethee vague and oonfused. N o  M. Przhevall  s k i y  
d id  no t  onoe make mention of it. 

In t h e  seoond ha l f  of t h e  X I X  oentury t h e r e  were few Europeans who 
succeeded i n  v i e i t i n g  Lhaea and Tibet  proper i n  general .  The government 
of China, eeeing t h e  undermining a c t i v i t y  oa r r i ed  on i n  T ibe t  by a 
major i ty  of the  fore ignere ,  forbade t h e  l a t t e r  t o  e n t e r  the  country. 
Although Tibet  had a l ready been v i e i t e d  by many people, making s p e c i a l  
s tud ies  of it, information on n a t u r a l  condit ione i n  t h e  highland remained 
extremely scanty and eometimes untrustworthy a s  well .  The d a t a  co l l ec ted  
by t h e  monks waa fragmentary and c o l l e c t e d  a t  random by people who were 
o f ten  inc l ined  t o  exaggeration and d i e t o r t i o n  of t h e  f a c t s ,  n o t  t o  men- 
t i o n  t h a t  t h e  overwhelming major i ty  of  t h e  monks d i d  no t  have specia l ized 
preparat ion i n  geography and geology, botany and zoology, e t h n o g r ~ p h y  
and arohaeology correeponding t o  the  l e v e l  of knowledge of t h e i r  time. 
Besideso the  monk-travelers usua l ly  d i d  n o t  have t h e  enrichment of 
science as t h e i r  p r inc ipa l  goal. 

Despite t h e  Chinese government9s ban excluding t h e  v i s i t  of fore ign-  
e r s  i n  Tibet ,  marly governments, above a l l  t h e  c o l o n i a l  powers, d id  n o t  
s top  t h e i r  a c t i v i t y  i n  t h e  study of t h i s  p a r t  of t h e  Heavenly Empire. 
They took advantage of the  f a c t  t h a t  the  Chinese permitted t h e  entrance 
i n t o  Tibet  of Buddhists of o ther  countr ies .  The English co lon ia l  authori-  
t i e s  t r a i n e d  f o r  s p e c i a l  inves t iga t ive  work t h e  Buddhists l i v i n g  i n  
regions bordering on Tibet. Trained f o r  topographic mapping and t h e  
c o l l e c t i o n  of economic and o ther  information, t h e  Buddhists ( p a n d i t s )  
t r ave led  i n t o  Tibet  i n  t h e  d i sgu i se  of p i lgr ims o r  merchants and c a r r i e d  
on t h e i r  work i n  sec re t .  A s  a  precaution t h e y  were sometimes only 
i d e n t i f i e d  by code l e t t e r s .  Among t h e  pandi ts  those  of s p e c i a l  fame 
a r e  Nain Singh ( A ) ,  Kishen ( ~ r i s h n a )  Singh (A-k) and S a r a t  Chandra Das. 

Nain Singh, i n  the  course of severa l  years ,  from 1865 t o  1875, 
made th ree  t r i p s  i n t o  Tibet .  He explored t h e  Ngari-Korsum, t h e  western 
province of Tibet ,  then twice surveyed from west t o  e a s t  -- t h e  f i r s t  
time (1865-1866) through t h e  v a l l e y  of t h e  Tsangpo.  h he Tsangpo i s  



the  Tibetan neme f o r  t h e  upper p a r t  of the  Brahmaputra where it flows 
through Tibet.) The second (1874-1875) was along the  route  f r a n  Lake 
Pangong t o  Lake Nem Teho. N a i n  Singh a l s o  v i s i t e d  Lhasa. He determined 
the  e leva t ion  of 33 referenoe po in t s  on t h e  t e r r i t o r y  of Tibet  and 
oo l lec ted  various geographical mater ia ls .  

a f t e r  t h i s  successful  undertaking the  English again dispatched 
Nain Singh i n t o  Tibet  together  wi th  two o ther  pandi ts  ( 0  and c). In 
add i t ion  t o  explorat ions  and surveys i n  t h e  aouthweatern p a r t  of Tibet, 
it was proposed t h a t  they have a look a t  t h e  gold mines t o  the  e a s t  of 
Rudok and a l s o  a t  depos i t s  of s a l t  and borax. This expedit ion mapped 
a s  it went along f o r  a d i s t ance  of 850 miles;  they determined t h e  eleva- 
t i o n  of 80 points ,  the  l a t i t u d e  of 75 points  and performed o ther  assign- 
ments. 

A new pandi t  soon appeared on the  scene -- a half-Tibetan, Kishen 
( ~ r i s h n a )  Singh, hown by the  l e t t e r s  A-k. In 1868, Kishen SFngh mapped 
as  he advanoed along t o  t h e  nor th  of Eastern  Nepal f o r  a distanoe of 
1,200 miles.  But t h e  most Important explorat ions  he made -re i n  1872- 
1873. Departing from Klnnaon f o r  the  c i t y  of Shigatse,  he mapped t h e  
route  from Shigatse  t o  Lake Nam Taho and then v i s i t e d  Lhasa. Then, 
c ross ing  t h e  Tsangpo, he re turned t o  Shigatse.  He mapped f o r  a d is tance 
of 320 miless  determined t h e  l a t i t u d e  of t h e  place a t  severa l  points ,  
and determined e leva t ion  a t  24 points. A-k made s t i l l  another journey, 
a four-year one, i n  the  e a s t e r n  p a r t  of the  Tibetan highland, where he 
a l s o  d i d  important work. In p a r t i c u l a r ,  he es tab l i shed  t h a t  the  
Dikhang, Brahmaputra, and Tsangpo a re  one and the  same r i v e r .  

Sa ra t  Chandra Das made two journeys i n t o  Tibet  -- i n  1879 and 1881. 
He s tudied t h e  Tsangpo v a l l e y  and i t s  basin. He v i s i t e d  Shigatse,  Lhasa 
end many monasteries and made a whole s e r i e s  of expedit ions through 
southern Tibet ,  mapped topographically a considerable t e r r i t o r y  and 
co l l ec ted  information about the  country and i t s  population. After h i s  
work a new, considerably improved map of Southern Tibet  was compiled i n  
Ehgland. 

Mention should a l s o  be made of pandi t  L, who mapped t h e  t e r r i t o r y  
between t h e  c i t i e s  of Shigatse and Tszetan  heta tan^), and a l s o  t h e  
companion of S a r a t  Chandra Das, t h e  Lamaist U-gyen Gua-tso, who made an 
independent survey through Southern Tibet. 

A s  a r e s u l t  of t h e  work of the  pandi ts  it was poss ible  t o  p l o t  on 
t h e  map a considerable p a r t  of t h e  t e r r i t o r y  of Tibet ,  c h i e f l y  i t s  
southern regions,  those most important i n  economic respects .  They 
c o l l e c t e d  var ied  information on t h e  n a t u r a l  wealth of the  country, i t s  
econamy and population. How g r e a t  t h e  importance of these  mate r ia l s  
was i s  evidenced by t h e  f a c t  t h a t  a l l  t h e  a c t i v i t y  of t h e  pendits  was 



oonducted i n  s e o r e t  and t h a t ,  f o r  example, t h e  book of S a r a t  Chandra 
Das Journey i n t o  Tibet  i n  which t h e  eouthern p a r t  of Tibet  i s  desoribed, 
t h e  p a r t  adjoining India,  was top s e c r e t  f o r  more than 20 years.  The 
repor t s  of pandi t  A-k and o thers  were a l s o  n o t  published f o r  a long time. 

Sending t h e  pandite i n t o  Tibet ,  the  English themselves (and a l s o  
the  repreeenta t ivee  of o the r  e t a t e e )  i n  t h e i r  t u r n  d i d  n o t  abandon 
attempts t o  penetra te  t h e  country, and f o r  t h i s  purpose, f o r  t h e  most 
par t ,  they used t h e  northern,  western o r  e a s t e r n  boundary of Tibet .  

Sane explorers  d i d  n o t  suooeed i n  pene t ra t ing  i n t o  t h e  h e a r t  of 
Tibet  proper, and t h e y  l imi ted  themselves t o  t h e  s tudy  of t h e  coun t r i es  
and t e r r i t o r i e s  adjoining it; others ,  however, succeeded, and reported 
a l l  kinds of t ru th8  and untruths.  Thua, i n  1811, T. Manning passed 
through Tibet ,  v i s i t i n g  Lhasa and Gyangtee. I n  1812 ~ o o r c r o f  t was i n  
the  sou thmet  of' Tibet  near  Lakee M a n a s a r m r  and Rakas. I t  i s  believed 
t h a t  he l i v e d  i n  Lhasa f o r  twelve yeare. Moorcroft 's  t r i p  was under- 
taken wi th  p r i v a t e  c a p i t a l ,  f o r  t h e  purpose of insur ing  Engl ish  indust ry  
wi th  high q u a l i t y  wool from Western Tibet .  

I n  1846, H. Strachey was a t  Lakes Rakas and Manasarowar. He d id  
topographic mapping t h e r e  and a l s o  mapped t h e  region of t h e  passes t o  
the south of Puran t h a t  lead t o  India.  A year  l a t e r  St rachey again  
penetrated i n t o  Western Tibet  and mapped t h e  province of Ngari-Korsum, 
and a year  l a t e r  he and h i e  brother ,  R. Strachey, v i s i t e d  t h e  region of 
Lakes Rakas and Manaearowar. Together w i t h  o ther  work, t h i s  t ime they  
determined t h e  e leva t ion  of M t .  Gurla Mandhata. 

I n  1855-1857, i n  t h e  west of Tibet ,  exp lora t ion  was c a r r i e d  on by 
the  German Schlagintweit  brothere.  They v i e i t e d  the  bas in  of t h e  
S u t l e j ,  the  watershed between t h e  S u t l e j  and t h e  Indus,, Lake Pangong, the 
Lingzitan Depression, and t h e  northwestern Kunlun. 

In  1885-1887, on the  border of nor thern Tibet ,  the  Engl ish  o f f i c i a l  
Careyp with h i s  companion Dalgeish, made a d i f f i c u l t  march from t h e  c i t y  
of Leh i n  Kaahmir t o  Keriya i n  Kashgar. The l a t t e r  was k i l l e d  i n  a 
skirmish with Tibetans who wanted t o  keep t h e i r  country f r e e  from 
undesired in t ruders .  I n  1888-1889, t h e  American Lodger twice  v i s i t e d  
Tibet. He l e f t  notes  concerning h i s  journeys. Almost a t  t h e  same time 
the  Amerioan diplomat W. Rockhil l  t r i e d  t o  t r a v e l  from Eas te rn  Tibet  
t o  Lhasa disguised as  a Buddhist pilgrim. Two years  l a t e r ,  Rockhil l  
made a second attempt t o  penetra te  i n t o  Tibet  proper. Travel ing south- 
westward fpom the  Tsaidam he passed i n t o  Tibetan t e r r i t o r y ,  f lanked t h e  
m a t e r n  end of t h e  Tanghla (descr ibed by R z h e v a l t s k i y )  and wanted t o  
t r a v e l  on t o  Lhasa. But soon t h e  Tibetans discovered him and forced him 
t o  t u r n  t o  t h e  southeast  and again r e t u r n  t o  Eastern  Tibet .  



The Belgian Bonvalot made a long and d i f f i c u l t  journey through 
Tibet  together  wi th  Prince Henri dtOrleana. Thie journey was made i n  
1889-1890. Departing from Charlyk ( t o  the  aouthnest of Lobnor), they 
paeaed over the  Altyn-Tagh, and, undergoing numeroue d i f f i c u l t i e s  
from the  g r e a t  e leva t ion  above eea l eve l ,  from the severe cl imate,  the  
lack of water and t h e  extreme dese r t  nature  of the  area,  they t rave led  
about 900 kilometere i n  the  d i r e c t i o n  of Lhaea, approximately along 900 E. 
A t  a d is tance of 180 kilometere f r a n  Lhasa, a t  the  demand of t h e  Tibet-  
ans, Bonvalot was forced t o  s top  and then go t o  Chamdo. Although t h e  
expedi t ion d id  no t  produce important r e e u l t e  f o r  geographic soience, it 
paesed through v i r g i n  t e r r i t o r y  and gave an idea  of the  na tu ra l  condi- 
t ione  of areas  along the  route,  and the re fore  had coneiderable value,  

I n  1891, the  cap ta in  of Bengal cavalry,  Bower, and the  bo tan i s t  
Thorold were i n  Tibet .  Departing from Leh, they croseed Tibet  from 
t h e  northwest t o  t h e  southeast ,  a r r ived  a t  Lake Sel ing and continued 
on t o  Chamdo. This expedit ion,  y ie ld ing  a ign i f  i c a n t  r e a u l t s ,  performed 
mapping and determined numerous e levat ione,  made p rof i l ea  of t h e  areae 
through which it t rave led ,  and co l l eo ted  information on climate,  animal 
l i f e  and vegetation.  

In 1891-1892, t h e  Ehglishmen Pauter and Soldate v i a i t e d  Tibet  and 
almoet simultaneously wi th  them (1892) t h e i r  fe l low countryman, Di lot ,  
who wrote Diary of a Journey. 

In 1892, t h e  Frenchman Dutreui l  de Bhina and h i s  oomrade Grenard 
t rave led  i n t o  Tibet. Traveling from Kashgar i n t o  the  northwestern oorner 
of Tibet ,  i n  the  region of Lakea Sumchzhi Tsho and E s h i l t  -kul, they eoon 
were forced t o  r e t u r n  t o  Khotan beoause of insuperable d i f P i o u l t i e s o  De 
Rhins again headed f o r  Tibet  a year l a t e r .  Leaving from Cherchen, he 
overcame the  d e s e r t  ranges of the  Kunlun and t h e  e t e r i l e  p la ins  between 
them w i t h  d i f f i c u l t y ,  and he a r r ived  wi th  Grenard a t  Lake Dangrayum 
and l a t e r  a t  Bam Tsho. From here De Rhins t r ave led  t o  Nagchu and f u r t h e r  
t o  the  e a s t  and soon appeared a t  one of t h e  westernmost sources of t h e  
Mekong. Having a t t a i n e d  these  g r e a t  successes,  Dutreui l  de Rhins d id  no t  
himself eucseed in oompleting h i e  research; he wae k i l l e d  during a s k i r -  
mia t  wi th  t h e  inhab i tan t s  of Eastern  Tibet. 

De &ins and Grenard mapped t h e  a r e a  during an expedi t ion of more 
than  6,000 kilometers. More than two-thirds of t h i s  rou te  was mapped 
along a route  t h a t  had been t o t a l l y  unexplored. In addi t ion,  they made 
severa l  thousand astronomical, l a t i t u d i n a l  and long i tud ina l  determina- 
t i o n s  and measurements of e levat ions .  They co l l ec ted  a g r e a t  dea l  of 
meteorological  ihformation and o ther  da ta  and made geological ,  botani-  
c a l ,  zoological ,  and ethnographic col leot ions .  Grenard l a t e r  processed 
these  matepiale. publishing a valuable r e p o r t  i n  th ree  volumes. 



L i t t l e d a l e  and h i s  wife m r e  i n  T ibe t  i n  1895. Leaving t h e  c i t y  
of Cherchen i n  Kashgar, they crossed the Akka-tagh, and, experienoing 
g rea t  d i f f i c u l t i e s  due t o  the  a r i d i t y  of t h e  c l imate ,  t h e y  t r a v e l e d  i n  
the d i rec t ion  of Lake Nam Taho, ocoesional ly  dev ia t ing  t o  one s ide .  Only 
70 kilometers s h o r t  of Lhasa they were forcod t o  t u r n  t o  the  Ladak a t  
the ins i s t ence  of the  Tibetans. L i t t l e d a l e  accomplished topographic 
mapping along the  e n t i r e  way. L i t t l e d a l e '  s r e p o r t  i s  v e r j  b r i e f .  

Captain Tellby and Lieutenant Malcolm l e f t  from t h e  Lndak a year 
a f t e r  L i t t l eda le .  They t rave led  an extremely d i f f i c u l t  rou te  doing 
mapping along the  northern border of t h e  Changtang, t h a t  i s ,  they crossed 
Tibet  where t h e  country i s  longest .  Almost simultaneously wi th  them, 
Tibet  was v i s i t e d  by t h e  f i g l i e h  o f f i c e r  Deasy wi th  h i s  comrade Pike, 
They performed mapping i n  the  northwestern p a r t  of Tibet  i n  t h e  region 
o f  Lakes Khorpa, Esh i l ' ,  Aru and Charol. 

During these same years  t h e  Ebglishman Lederer (1895) v i s i t e d  l ' ibet  
with h i s  farnily. Later  (1896) Wailenkar v i s i t e d  Tibet  and wrote notes  
about h i s  research. In  1897, t h e  j o u r n a l i s t  S. Lendor v i s i t e d ' l a k e s  
lanasaro~var and Rakas. He made h i s  way i n t o  Tibet  from t h e  northtvestern 
provinces of India. For h i s  at tempte t o  pene t ra te  i n t o  t h e  h e a r t  of 
the country he was punished by t h e  l o c a l  inhab i tan t s  and expel led from 
the t e r r i t o r y  of Tibet .  

There were a l s o  Japanese i n  Tibet .  The f i r s t  t o  pene t ra te  i n t o  
the  country was the  bonze Ekon Karagutsi .  I n  1901 he made h i s  way i n t o  
the region of Lakes Manasarowar and Rakas, and, t r a v e l i n g  through t h e  
val ley of t h e  Tsangpo, he a r r i v e d  a t  Lhasa from where, however, he svas 
soon e jected.  The maps and r e p o r t s  produced by Karagutsi  do n o t  have 
g r e a t  s c i e n t i f i c  value s i n c e  a g r e a t  dea l  i n  them i s  quest ionable  and 
confused. Simultaneously wi th  Karagutsi, t h e  Japanese S i g e t a  aqd 
Umitatsu were i n  Tibet .  

Among the  explorers  n o t  v i s i t i n g  T ibe t  proper but conducting inpor- 
tarit research i n  regions adjoining it, one should mention the  German 
F u t t a r e r ,  who i n  1898 mapped Eastern  Tibet .  I n  1905, and i n  subsequent 
years successful  work was conducted here  by t h e  German F i lchner  and t h e  
geo log i s t  Tafel ,  whose ohief ob jec t ive  was t h e  study of t h e  upper course 
of t h e  Hwangho and t h e  t e r r i t o r y  ly ing t o  t h e  south  of it, r i g h t  up t o  
Szeohwan. 

Several  p a r t i c i p a n t s  i n  t h e  English Army Expedition, 'wlacdonald and 
Younghusband, penetra ted i n t o  Tibet  i n  1904. (This  expedi t ion had t h e  
object ive  of captur ing t h e  Dalai  Lama and p ress ing  a compromising t r e a t y  
on him, The m i l i t a r y  i n t r u e i o n  of Fhgland, accompanied by s e v e r i t i e s  
towards t h e  Tibetans who were defending t h e i r  country and t h e ' l o o t i n g  
of the  wealth of t h e  country was, i n  t h e  long run, n o t  accompanied by 



t h e  r e s u l t s  des i red  by England, t h a t  i s ,  the  detachment of Tibet  from 
China. Aocording t o  t h e  English-Russian agreement of 1907, England was 
forced t o  renounce in te r fe rence  i n  the  i n t e r n a l  a f f a i r s  of Tibet  and 
was obliged t o  t h e r e a f t e r  conduct r e l a t i o n s  with Tibet  only through t h e  
Chinese government. ) The topographers and geodesis ts  who formed p a r t  
of the  personnel of the expedit ion conducted mapping and t r i a n g u l a t i o n  
along the  e n t i r e  route  of the expedit ion from the  Indian boundary i n t o  
t h e  h e a r t  of t h e  country, measured the  e leva t ions ,  and determined the  
pos i t ion  of a l l  v i s i b l e  peaks. Thus, Captain Ryder t r ave led  and mapped 
FC,? s tudied a l l  aspects  of the  nature  of t h i s  region from Shigatse t o  
the  sources of the  Tsangpo. Such work was a leo c ~ r r i e d  on i n  a  eector  
from the  sources  of t h e  S u t l e j  t o  t h e  boundary of India  and a l s o  along 
the  Gartang, one of t h e  sources of the  Indus. 

Even before movement of t h e  main detachment of the  expedi t ion t o  
Lhasa, Captain Rawling and Lieutenant Hargreaves explored and photo- 
graphed t h e  region of t h e  western p a r t  of Tibet  between the  Kunlun on 
t h e  nor th  and t h e  d i s t r i c t  of Rudok on the  south, the boundary of Tibet  
on the  west and t h e  84th meridian on the  eas t .  They c a r r i e d  on tr iangu- 
l a t i o n  work collnecting t h e  work of the  Russian researchers  on the  north 
and the  Engl ish  on the  south. 

A p a r t i o i p a n t  on t h e  expedit ion,  R. Landon, published the  study 
An Account of the  Country and People of Centra l  ~ i b e t  and of the  ~ r b ~ r e s s  
of t h e  Mission Sent There by the  English Government i n  t h e  Year 1903- 
1904. ( w r i t t e n  wi th  the  he lp  of a l l  the  p r inc ipa l  persons of t h e  mission) -- 
1905, London. 

I n  t h i s  work he gives s t r i k i n g  and precise  desc r ip t ions  of t h e  
landscape, f o r  example, of Lake Ymdok, t h e  Chumbi va l l ey ,  Lhasa, e t c .  
The book was i l l u s t r a t e d  wi th  numerous photographs and sketches t h a t  
were made by t h e  author.  Also of i n t e r e s t  a re  t h e  book's appendices on 
n a t u r a l  h i s t o r y  and ethnography. 

A. Waddell, i n  h i s  book Lhasa and i t s  Mystery London, 1905, a l s o  
descr ibes  t h e  route  i n  d e t a i l ,  making note of many geographical f a c t s  
an3 o b j e c t s ,  but  he devotes h i s  p r i n c i p a l  a t t e n t i o n  t o  the  r e l i g i o u s  
l i f e  of t h e  Tibetans and t o  t h e i r  customs. 

Individual  p a r t i c i p a n t s  i n  t h e  English expedi t ion co l l ec ted  d a t a  on 
meteorology and geology. These da ta  were used f o r  t h e  c l imat ic  character-  
i z a t i o n  of Southern Tibet  and a  beginning was made on i t s  geologioal  
study. 

I n  1905, the southeastern  p a r t  of Tibet  was v i s i t e d  by t h e  English 
co lon ia l  o f f i c i a l  Sherring,  who v i s i t e d  t h e  region of M t .  Gurla-1-landhata, 
t h e  o i t y  of Taklakot (Puran), t h e  c i t y  of Gartok, and t h e  S u t l e j  va l l ey .  



Sherring ool lected a v a r i e t y  of information. A t  t he  .sane time the  region 
of Lake Pangong was v i a i t e d  by t h e  Amerioan expedi t ion of B a r r e t t  and 
Huntington, who went from the  c i t y  of Leh through t h e  Karakorum t o  the  
Tarim Basin i n  order t o  make geologioal  and arohaeological  inves t iga -  
t ions .  The next year t h e  English co lon ia l  o f f i c i a l  Calver t  v i s i t e d  
Gartok, Rudok, and t h e  gold mines of Tok-Dzhalung. 

The Swedish explorer  Sven Hedin was i n  T ibe t  t h r e e  t imes.  A t  the 
time of h i s  f i r s t  explorat ion i n  1893-1896 he t r a v e l e d  i n  an east-west  
d i r e a t i o n  only along the  nor theas te rn  border of Tibet .  His seoond 
expedit ion was succeaeful  -- i n  t h e  years  1899-1901 he climbed onto the 
highland from Kashgar and t r a v e l e d  i n  t h e  d i r e c t i o n  of Lhasa t o  Lake 
Nam Tsho. A t  t h i a  po in t  t h e  Tibetans stopped Hedin and d i d  n o t  permit 
him t o  oontinue onto t h e i r  sacred c a p i t a l .  The exp lore r  turned west- 
ward and t rave led  i n t o  t h e  Ladak. Thus, covering a g r e a t  d i s t ance ,  he 
explored considerable t e r r i t o r y  i n  T ibe t  from nor th  t o  south  and from 
e a s t  t o  west t o  an e x t e n t  g r e n t e r  t h a n  anyone e l s e  before or  a f t e r  him. 
The e n t i r e  journey through Tibet  was accomplished i n  t h e  course of 13 
months. 

A t  t h e  time of h i s  t h i r d  journey i n t o  T ibe t  (1905-1908) Sven Hedin 
again penetra ted i n t o  the  i n t e r i o r  of Tibet  (from t h e  Ladak) and a l s o  
explored extensive  t e r r i t o r y .  This time he e s t a b l i s h e d  t h e  ex i s tence  of 
a tremendous mountain system p a r a l l e l  t o  t h e  Himalaya, l a t e r  named by 
him t h e  ~ r a n a h i m a l a ~ a .  One ~ h o u l d  mention, however, by way of c l a r i f i c a -  
t i o n ,  t h a t  t h i s  mountain system had been seen a t  var ious  po in t s  by Nain 
Singh and Kishen Singh. N. N. Przheval ' skiy  saw i t s  e a s t e r n  p a r t  a t  
the  time of h i s  Third Centra l  A s i a t i c  Expedit ion.  Przheval ' skiy  drew 
the  bold and o o r r e c t  oonclusion t h a t  the  range bs fore  him was t h e  
Nyenchen-Tanghla ( t h e  e a s t e r n  p a r t  of t h e  ~ r a n s h i m a l a y a ) ,  which i s  t h e  
watershed range between t h e  a reas  of i n t e r n a l  drainage i n  T ibe t  and t h e  
Indian Ocean. 

Of the  research conducted i n  T ibe t  by European scho la r s  i n  recen t  
times, mention should be made of t h o  work done i n  1932 by t h e  geo log i s t s  
Ambolt and Norin. They c a r r i e d  on geological  r esea rch  and geodet ic  
measurements i n  northwestern Tibet ,  i n  t h e  region of Aksaychin, Lake 
Ligten, and between Lake Markham and t h e  main range of t h e  Kunlun 
( ~ e t e r m a n n '  s bli t tei lungen, 1935). I n  general ,  however, dur ing recen t  
decades the re  have been no l a rge  f o r e i g n  expedi t ions  i n  Tibet .  

In  speaking of the  h i s t o r y  of exp lora t ion  i n  Tibet ,  it would be 
espec ia l ly  des i rab le  t o  dwell on the  se rv ices  of Russian exp lore r s .  The 
explorat ions  of Centra l  Asia organized by t h e  Russian Geographical Society 
i n  the  second ha l f  of the  X I X  century included the  nor thern and e a s t e r n  
regions of t h e  Tibetan highland and contr ibuted a good deal  t o  t h e  study 
of these  p a r t s  of t h e  ea r th .  The expedi t ions  of G. N.  Potanin,  



N. M. Preheval 'skiy,  M. V. Pevtsov, V. I. Roborovskiy, V. A. Obruvall- 
skiy,  P. K. Kozlov, G. E. Grumm-Grzhimaylo, and many o the r s  oroesed 
Mongolia, Weatern China and the  Tibetan highland, o r  t h e  mountains 
adjoining it, and suppl ied  the  s c i e n t i f i c  world wi th  valuable data  
t h a t  i s  s t i l l  of importance today. 

The explora t ions  of Centra l  Asia and the  Tibetan highland by the 
f o r c e s  of t h e  Russian Geographical Society were diet inguiahed by a  
broad scope and a  wel l  thought-out plan t h a t  was developed by the  leaders  
of the  Socie ty  headed by the  remarkable soholar and superb organizer  
P. P. Semenov. Acoording t o  t h i s  plan,  the  rou tes  f o r  the  expedi t ions  
were l a i d  o u t  i n  suoh a  way t h a t  Centra l  Asia and t h e  Tibetan highland 
were evenly covered by exp lo ra t ions  i n  accordance wi th  common objec- 
i t v e s .  A work program was prepared i n  each individual  case. In  addi- 
t i o n ,  each expedi t ion was headed by an experienced explorer  having a l l -  
around prepara t ion i n  the  f i e l d  of t h e  n a t u r a l  sc iences .  The l a t t e r  
cirbumstance was responsible  i n  l a rge  p a r t  f o r  the success of t h e  expedi- 
t i o n s ,  when you t ake  i n t o  considera t ion t h a t  these were reconnaisance 
~ a r t i e i  and, a s  a  r u l e ,  d i d  not  include many s p e c i a l i s t s  i n  the  various 
branches of sc ience  (geo log i s t s ,  geographers, zoo log i s t s ,  b o t a n i s t s ,  and 
o t h e r s ) .  

Another d i s t ingu i sh ing  f e a t u r e  of the  work of Russian scholars  was 
the  method of exp lo ra t ion  and geographic d e s c r i p t i o n  which they developed, 
beginning wi th  the  t ime of t h e  Tien-shan expedi t ion of 1856-1857 by 
P. P. Semenov and l a t e r  f r u i t f u l l y  developed by N. M. Przheual 'skiy.  
This method insured t h e  most complete and systematic c o l l e c t i o n  of 
f a c t u a l  m a t e r i a l  about t h e  regions  s tudied and made it poss ib le  f o r  
scho la r s  t o  know and understand the  geography of Inner Asia b e t t e r .  The 
Russian geographers d i d  n o t  examine t h e  n a t u r a l  condi t ions  a s  individual ,  
unre la ted  elements, b u t  a s  a  un i f i ed  whole i n  t h e i r  i n t e r - r e l a t i o n s h i p s  
and in  t h e  interdependence of these  elements i n  t h e i r  development. 

Only a  few Russian exp lo re r s  succeeded i n  v i s i t i n g  Tibet  proper;  
the  major i ty  of them d i d  no t  f i n d  it poss ib le  t o  pene t ra te  t h e  country 
and worked i n  o the r  regions of the broad Tibetan highland. Each of them 
with  h i s  d a t a  s u b s t a n t i a l l y  su2plemented t h e  information c o l l e c t e d  by 
o the r s ,  and i n  t h e  long run an immense a r e a  of t h e  nor thern  and eas te rn  
p a r t s  of t h e  highland was explored and described i n  accordance wi th  the  
needs of sc ience  a t  t h a t  time. The d e s c r i p t i o n  of the  adjoining regions 
had considerable  s ign i f i cance  f o r  i l luminat i l lg  t h e  geography of Tibet  
proper. 

Before speaking of t h e  exp lo ra t ions  of Frzheval ' sk iy ,  Potanin, 
Pevtsov, Roborovskiy, and Koslov, one should mention t h e  con t r ibu t ion  
made t o  our knowledge of Tibet  by o the r  Russian exp lo re r s  and 'scholars .  



Of g rea t  s c i e n t i f i c  i n t e r e s t  and value a r e  t h e  m a t e r i a l s  of the  
remarkable Russian explorer F i l i p p  Efremov, the  f i r s t  of t h e  Europeans 
t r ave l ing  through the westernmoat o u t s k i r t s  of t h e  Tibetan highland 
during h i s  Nine-year Wanderings through Asia i n  1774-1782. ( ~ i l i ~ ~  
Efremov, a non-commissioned o f f i c e r ,  served i n  the  m i l i t a r y  foroea on 
tho southeastern bomdary of Russia i n  the  Orenburg steppes.  A t  t h e  
t m e  of a ekinnioh with one of the  detachments of E. Pugachev, he was 
wounded and taken prisoner, and l a t e r ,  t o g e t h e r  wi th  t h e  Ural ooseacks 
who had oaptured him, he f e l l  i n t o  t h e  hands of o the r  coasaoks who sold 
him i n t o  s lavery a t  Bukhara. Taking advantage of a s a t i s f a o t o r y  
opportunity, Efremov escaped from elavery and f l e d  t o  Kashgar from where 
he went t o  India, and from Ind ia  he re turned by s e a  t o  Petersburg.)  
Although Efremov d i d  no t  v i a i t  Tibet  ( i n  i t s  modern admin i s t ra t ive  boun- 
d a r i e s ) #  he t r ave led  through the  t e r r i t o r y  s i t u a t e d  i n  t h e  boundaries 
of the  present day Kashmir, he used i n  the  oompilation o f  h i s  notes  data 
gained fram questioning others ,  personal observat ions  i n  t h e  ~ a d e k ,  and 
suoh sources Fn l i t e r a t u r e  as  e x i s t e d  a t  t h e  time. Efremov l e f t  a 
oompletely t rus tworthy general  r e p o r t  on Tibet ,  i t s  population and pol i t i -  
o a l  s t ruc tu re ,  

The explorer  r a t h e r  p reo i se ly  oharaoter izes  t h e  geographio posi t ion 
of Tibet, and he mentiops i t s  d iv ie ion  i n t o  p a r t s t  Upper, Middle and 
Lower Tibet. Under Upper Tibet  he inoludes  i t s  western p a r t ,  t h e  Pro- 
vince of Ngari; under Middle Tibet ,  t h e  c e n t r a l ,  most populated regions, 
and under L m r  Tibet ,  evident ly* t h e  regions  along t h e  Himalaya. 

"The vaa t  lend of Tibet ,  whose r e a l  s i z e  I know not,"  w r i t e s  
Efremov, "is p a r t l y  mowtainoue and p a r t l y  aons i s ta  of ex tens ive  plaina 
and sandy areas. A i r  and produotion ~ o r r e e p o n d  t o  the  p o s i t i o n  of the  
ground, end th6re fore  the re  a r e  di f ferenoee from place  t o  place.  Thus 
it; is easy t o  underetand why t r a v e l e r s  oon t rad ic t  one another ,  some saying 
the  land i a  f e r t i l e  and o thers  saying it i s  oompletely i n f e r t i l e .  I t  i s  
therefore  h p o s e i b l e  t o  give a completely c l e a r  idea  about t h e  na tu re  of 
the  whole oountry beoauae I t rave led  only through t h e  Tsang d i s t r i c t  of 
the s t a t e  of ~ a t b  o r  Ladak. ( ~ i l i p p  ~ f r & n o v ,  Nine-year '?[&derings, 
1952, page 43,) 

Later t h e  explorer  c o r r e a t l y  t e l l s  of the n a t u r a l  oond i t ions  of 
N o r t h e ~ n  and Southern Tibet. Speaking about Southern T ibe t  he wr i t es ,  * e #  

the  s ide  of Tibet  bordering on Hindustan c o n s i s t s  of s t e e p  mountains 
c ~ v e r e d  with snow and wi th  slopes overgrown wi th  dense f o r e s t s .  

"These mountains a re  almost oompletely impassable, and 'where the re  
a re  roads they a r e  extremely narrow and a r e  dangerous i n  many p laces  due 
t o  the  f r i g h t f u l  precipices  a t  whose bottoms water.,flows t u r b u l e n t l y  from 
the  mountains wi th  a f r i g h t f u l  roar.  I n  many ? laces  t h e  mountain abysses 
a r s  crossed by hanging br idges  made from brushwood. About t h e  northern 



p a r t  i n  T ibe t  (he has i n  mind, evident1  , not  the  ext rene  nor th ,  b u t  
the  regions  bordering on Southern Tibetf he wr i t e s  t h a t  "in comparison 
wi th  t h e  f i r s t ,  poss ibly  t o  be considered a high pla in ,  small mountains 
were only occas ional ly  v i s i b l e .  In severa l  ?a l l eys  between the r i v e r s  
grows t o l e r a b l e  g r a i n  and i n  o the r  places l i v e  nomadic shepherds who 
change t h e i r  abode and t a r r y  always a t  good pas tures  f o r  t h e  sake of 
t h e i r  c a t t l e . "  ( I b i d . )  He speaks about t h e  most widespread wild and 
domestic animals of Tibet :  yak, sheep, wi ld  Tibetan kiang (Equis 
hemonius k iang) ,  t h e  Himalayan musk deer,  l i v i n g  i n  the  warmest p a r t  of 
Southern Tibet  on the  s lopes  of the  Himalaya; he l i s t s  the  minerals:  
gold, s i l v e r ,  mercury, i ron ,  copper, sulphur s a l t p e t e r ,  c r y s t a l ,  marble. 
He mentions medicinal rhubarb, which was exported t o  o the r  provinces of 
China and neighboring countr ies .  He i s  f u l l  of warm and sympathetic 
words about t h e  Tibetans,  who, he observed, were "honorable and f r i end ly . "  
de genera l ly  o o r r e c t l y  desc r ibes  t h e i r  appearance, customs, costumes, 
and r e l i g i o n .  

The works of the  remarkable Russian scholar  N .  Ya. Bichurin (1777- 
1853) a r e  of outs tanding s ign i f i cance  i n  the  study of Tibet .  Bichurin 
l i v e d  i n  China f o r  many yea rs  and s tudied t h a t  country well .  On the  
b a s i s  of h i s  ovm exp lo ra t ions  and from numerous Chinese sources he wrote 
severa l  books about China and i t s  individual  provinces, including a 
r e p o r t  compiled from sources i n  Chinese l i t e r a t u r e  A Descr ip t ion of  
Tibet  i n  i t s  P resen t  S t a t e ,  and a His tory  of Tibet  and t h e  Kukunor. 
( N .  Ya. Bichurin i s  a l s o  known by the  name of monk Jakinf . )  Before t h e  
pub l i ca t ion  of t h i s  book the re  was no se r ious  l i t e r a t u r e  on Tibet  i n  the  
Europe an 1 anguage s . 

In  h i s  works Bichurin c i t e s  information about the  most ancient  
h i s t o r y  of t h e  Tibetans,  i l lumina tes  t h e i r  h i s t o r y  wi th  numerous events  
from t h e i r  l a t e r  h i s t o r y ,  admin i s t ra t ive  d iv i s ion ,  and the  government 
of Tibet ,  the  economic l i f e  of t h e  people and t h e i r  cu l tu re .  He t e l l s  
about i n t e r - r e l a t i o n s  wi th  t h e  Chinese people and the  immense inf luence 
of China on t h e  c u l t u r e  and economic development of Tibet .  The var ied  
and extensive  d a t a  c i t e d  by Bichurin have s t i l l  n o t  l o s t  value i n  our 
time . 

The f i r s t  abundant and systematized s c i e n t i f i c  d a t a  on t h e  b a s i s  
of our own exp lo ra t ion  i n  t h e  f i e l d ,  and, t o  a l a rge  degree,  corresponding 
t o  the  modern l e v e l  of sc ience ,  came from N. M. Przheval tskiy .  To him 
and t o  h i s  s tuden t s  and fol lowers  -- V. I. Roborovskiy and P. K. Kozlov, 
Tile V. Pevtsov, G. N. Potanin, G. Ts. Tsybikov -- we a r e  indebted f o r  
having s tud ied  t h e  nor thern  and e a s t e r n  p a r t s  3f t h e  Tibet- highland 
and i t s  population.  The desc r ip t ions  of n a t u r a l  condit ions,  the  popu- 
l a t i o n  and t h e  economy of t h e  Tibetan highland t h a t  were compiled by 
Russian s c h o l a r s  r ep resen t  c l a s s i c a l  geographical  s t u d i e s .  



N. M. Przheval 'akiy was a  g r e a t  exp lo re r ,  possessing a  background 
of varied spec ia l i zed  knowledge, an imusual purposefulness and a  love 
f o r  science. He adopted the  new and advanced ideas  of  P. P. Semeriova- 
~ya- ha, which i n  rnany respec t s  were c lose  t o  our modern concept of 
geography; he expanded and e labora ted  on h i s  p r i n c i p l e s  of oomplex 
geographical observations and the  manner f o r  assembling s c i e n t i f i c  
co l l ec t ions ,  and used h i s  methods of oomparative geographical  ana lys i s  
and geographical genera l i za t ions .  

The g rea t  success of the  Przheval ' sk iy  expedi t ion i s  expla ined by 
the f a c t  t h a t  he was t r a i n e d  i n  advanced ideas  of contemporary scholars  
and had absorbed a  tremendous amount of the  s c i e n t i f i c  legacy of foreign 
and Russian ( e s p e c i a l l y )  r e sea rchers  who were s tudying n o t  only the  
immense t e r r i t o r y  of t h e i r  f a the r l and ,  r ep resen t ing  one-sixth' of the  
e a r t h ' s  surface ,  but  a l so  the  surrounding seas  and oceans and a l s o  con- 
ducting research i n  Europe, Afr ica ,  America, on t h e  expanses of the  
world ocean, and i n  Antarc t ica .  

Przheval ' sk iy  began t o  study t h e  Tibetan highland i n  h i s  F i r s t  
Central  A s i a t i o  Expedit ion of 1870-1873, pass ing along i t s  nor theas te rn  
border. S e t t i n g  ou t  from Kyakhte, he crossed Mongolia i n  a  southeastern 
d i r e c t i o n  on t h e  way t o  Peiping. From t h e r e ,  fo l lowing t h e  n o r t h e ~ s t e r n  
border of t h e  Ordos, t h e  exp lo re r s  en te red  t h e  province of Kansu, t h e  
Nan-shan Mountains and Lake Kukunor, s i t u a t e d  high i n  t h e  mountains. 
From Kukunor, desp i t e  the  scanty equi2ment of t h e  exped i t ion ,  he suc- 
ceeded i n  reaching t h e  headwaters of the  Yangtze ac ross  t h e  Tibetan 
highland. However, an inadequacy of foods tu f f s  and t h e  complete exhaus- 
t i o n  of the  beas t s  of burden stopped f u r t h e r  advance and fo rced  
Przheval ' sk iy  t o  r e t u r n  along the  same route .  

Despite the  r e l a t i v e l y  s h o r t  journey t h a t  he made i n  t h e  highlands, 
the  explorer  succeeded i n  c o l l e c t i n g  very  r e l i a b l e  and sys temat ized 
d a t a  about t h e  n a t u r a l  condi t ions  of t h e  country and i t s  population.  AS 
a  r e s u l t  of t h i s  journey Przheval ' sk iy  was able  t o  w r i t e  an al l-around 
d e s c r i p t i o n  of t h e  regions of Centra l  Asia and t h e  Tibetan highland 
v i s i t e d  by t h e  expedit ion.  This immediately brought t h e  e x p l o r e r  world 
fame and general  recogni t ion.  

The Second Centra l  A s i a t i c  Expedit ion was made by Przheva l ' sk iy  
i n  1876-1877, and al though it was b r i e f ,  it gave outs tanding r e s u l t s  also1 
In  the  f i r s t  place,  Przheval ' sk iy  solved an important  geographical  mys- 
t e r y ,  e s t a b l i s h i n g  t h e  whereabouts of Lake Lobnor i n  t h e  c e n t e r  of t h e  
As ia t i c  cont inent ,  a  lake mentioned by ancient  Chinese authors .  Sec- 
ondly, he described t h e  cubtoms, way of l i f e  and occupations of the  
inhab i t an t s  near  Lobnor so p r e c i s e l y  and c l e a r l y  t h a t  t h i s  d e s c r i p t i o n  
was esteemed by the  most famed scho la r s  a s  the most a t t r a c t i v e  and 
i n t e r e s t i n g  of the  ethnographic d e s c r i p t i o n s  t h a t  had been w r i t t e n  by 



recent  explorers .  Thirdly,  he passed along t h e  - foot  of t h e  gigant ic  
Altyn-Tagh Range, which borders t h e  Kunlun on the  north and thus estab- 
l i shed  t h e  northern boundary of t h e  Tibetan highland, which before t h i r  
time had been placed 300 kilometere f u r t h e r  mouth. 

The Third Centra l  A s i a t i c  Expedition made by Przhevallmkiy was 
espeo ia l ly  important f o r  i t e  contr ibut ions  on t h e  area  i n  which we are  
i n t e r e s t e d  eince he succeeded i n  t r ave l ing  f o r  q u i t e  a coneiderable 
dis tance through t h e  Tibetan highland and through the  t e r r i t o r y  of 
Tibet  proper, considered i n  i t s  modern adminia t ra t ive  boundaries. I t  
i s  due t o  t h e  f a c t  t h a t  t h e  main work was ca r r i ed  on on t'ne Tibetan 
highland t h a t  t h i a  expedit ion was c a l l e d  the  Tibetan Expedition. 

The c i t y  of Zaysan was t h e  point  of departure f o r  the  journey. The 
expedi t ion departed from t h e r e  a t  the  end of March, 1879. Having explored 
the  l i f e l e s s  Khami Desert, the  expedit ion reached t h e  Nan-shen, surveyed 
the  Humboldt and R i t t e r  Ranges which they discovered, end then cross ing 
the  Shchuga, Kukushili and Dunbure (Dungbure) mountain ranges on the 
Tibetan highland, they came t o  the  headwaters of the  Yangtze and t o  the  
Tanghla Range. Later  t h e  route  l a y  through t h e  t e r r i t o r y  of Tibet  proper 
and the  way l e d  d i r e c t l y  t o  Lhasa. However, near the  c i t y  of Bumz, 
approximately 250 kilometers from Lhasa, t h e  expedit ion was stopped by 
represen ta t ives  of t h e  Tibetan a u t h o r i t i e s ,  who blocked the  way t o  ' the i r  
sacred c i t y .  Respecting the  laws and customs of o ther  peoples, 
Przheval lskiy  advanoed no f u r t h e r .  But it waa not  only t h i s  reason t h a t  
caused such a decision: t h e  people and paok animals were exhaueted and 
f u r t h e r  movement towards t h e  cherished goal -- Lhasa -- was irnpossible 
without the  assistance of the  l o c a l  population. 

The Seoond Tibetan, o r  Fourth Centra l  A i i a t i c  Expedition of the 
u n t i r i n g  exp lore r  took place i n  1883-1885. The expedi t ion departed from 
Kyakhte and reached t h e  Tsaidam v i a  t h e  Gobi, Alashen, and Kukunor. 
Having crossed t h e  Burkhan-Budda mountain range and appearing on the  
Tibetan highland, Przhevall  skiy  penetrated i n t o  the  region of the sources 
of t h e  Yellow River. Here t h e  expedi t ion discovered two lakes  -- Orin- 
nur and Dzharin-nur -- t h e  f i r s t  he named Russian Lake and t h e  second he 
named Lake Expedition. The g r e a t  Chinese r i v e r  flows through these  
lakes.  The exp lora t ion  of t h e  headwaters of the  Yellow River was a 
g r e a t  at tainment of geographical science. An important r e s u l t  of t h e  
expedi t ion was t h a t  by moving along t h e  southern margin of the  Tsaidam 
he then  es tab l i shed  the  o r i e n t a t i o n  and in terconnect ion of the  c e n t r a l  
ranges of the  Kunlun (~olumbug , Moscow, Przhevall sk iy  and Tsaidam ~ m g e s )  
iIe a l s o  sucoeeded i n  co l l ec t ing  much new and i n t e r e s t i n g  d a t a  on Eastern 
Turkesten as  well ,  which t e r r i t o r y  Przheval ' skiy  crossed while re turning 
t o  h i s  honeland v i a  the  o i t y  of Karakol. 



R e h e v a l f  akiyls  F i f t h  Jkpedi t ion,  as i s  wel l  known, never material-  
ized, Jus t  before departure on the  new long journey t h e  g r e a t  s c i e n t i f i o  
worker died from typhoid fever  i n  the  c i t y  of Karakol, l a t e r  renamed 
Przheval' skiy.  

The servioea of N. M. Przheval'  s k i y  a r e  n o t  n e a r l y  exhausted by 
enmera t ing  h i s  immense contr ibut ions  i n  extending our knowledge of the 
geography of Central  Asia and t h e  Tibetan highland. No l e s s  important i s  
the  f a c t  t h a t  he l a i d  t h e  way f o r  o the r  Russian and fo re ign  pioneers  in  
regions of the  Asia t ic  oont inent  t h a t  were unexplored by scholars .  Soon 
extensive "blank spots" on t h e  l a r g e s t  of oont inents  of t h e  globe were 
erased from t h e  map. . 

The influenoe of Przheval 'skiy on scho la r s  who xere  h i s  contemp- 
o ra r ies  i s  a l s o  seen i n  the  f a c t  t h a t  h i s  methods of geographical  research 
were adopted by others  t o  one degree or  another,  and t h i s ,  without doubt, 
f  m i l i t a t e d  t h e  more rap id  development of geography. 

Final ly ,  the  very spec ia l ,  l i v e l y ,  and c l e a r l y  w r i t t e n  r e p o r t s  of 
Przhevaltakiy and h i s  expedit ions,  splendid i n  t h e i r  l i t e r a r y ' f o r m ,  
organical ly  ~ 0 ~ e 0 t e d  wi th  a profoundly s c i e n t i f i c  content ,  served as 
a model f o r  t h e  repor t s  of almost a l l  subsequent e x p l o r e r s  and won t h e i r  
author both popular i ty  and t h e  unfading a f f e c t i o n  of t h e  b roades t  c i rc les  
of readers;  t o  a s i g n i f i c a n t  degree they f a c i l i t a t e d  t h e  d i s t r i b u t i o n  of 
geographical knowledge -- i n t o  t h e  n a t i o n a l  l i f e  -- t o  use t h e  words of 
P. P. Semenova-Tyan-Shan. 

After Przheval ' skiyls  death  t h e  l eadersh ip  of the  new Tibetan 
expedit ion t h a t  he had organized was placed under t h e  d i r e c t i o n  of 
Id. V. Pevtaov, t h e  well-hown exp lore r  of Mongolia and Dzhungaria, by the 
Russian Geographical Society.  The t e r r i t o r y  which t h e  exped i t ion  had 
o r i g i n a l l y  planned t o  explore was deoreased i n  s i ze .  Pevtsov decided t o  
l i m i t  himself t o  work i n  Kashgar and t h e  Kunlun, t h a t  i s ,  i n  regions 
adjoining Tibet  on t h e  n o r t h  ins tead of following P r z h e v a l l s k i y l s  
proposal t o  inves t iga te  Tibet  and v i s i t  Lhasa. Pevteov a l s o  planned a t  
the  same time t o  determine t h e  presence of pass routes  w i t h i n  Tibet  f o r  
the  next expedit ion.  Pevtsovt s  expedit ion,  which r e t a i n e d  the  name 
"Tibetan," worked during t h e  years  1889-1890. Also p a r t i c i p a t i n g  i n  the  
expedi t ion were Przheval'  sk iy l  s  s tudents ,  V. I. Roborovskiy and P. K. 
Koslov, a s  wel l  a s  t h e  geologis t  I. I. Bogdauovich. 

A s p e c i a l  f ea tu re  of Pevtsovls  work was t h e  more d e t a i l e d  invest iga-  
t ions ,  and, where poss ible ,  s t a t i o n  research i n  the  regions  e a r l i e r  
v i s i t e d  by Russian reoonnaisance expedit ions.  Such work was another step 
forward i n  the  all-around geographical and more profound s tudy of Central 
Asia. 



Although t h e  expedi t ion concentrated i t e  bas io  a t t e n t i o n  t o  t h e  
explorat ion of Xashgar end Dzhungaria (among the  most important r eeu l te  
of i t s  work ehould be mentioned the  v i s i t  t o  the  broad depression i n  the 
cen te r  of t h e  As ia t i c  oontinent -- the  Turfan Depression, of g rea t  
s c i e n t i f i c  i n t e r e e t  i n  many respeo t s ) ,  one should nevertheleaa mention 
the  importance of i t s  work f o r  our knowledge of the  geography of the 
Kunlun and t h e  Tibetan highland. Pevtaov and h i s  companions, V. I. 
Roborovskiy and P. K. Koslov v i s i t e d  i n  d i f f e r e n t  regions of the  north- 
western border of the  Tibetan highland, penetra t ing southward f o r  a 
hundred miles  fram the  nor thern margin of the  Kunlun. Exploring and 
mapping zonee i n  an expanse from t h e  headwaters of the  Keriyadarlya 
River t o  t h e  meridian of Lake Lobnor, they beoame acquainted i n  i t s  
general  o u t l i n e s  with t h e  n a t u r a l  condit ions of the  previously unknown 
country and they es tab l i shed  t h a t  t h i s  i s  the  most dese r t - l ike  and l i f e -  
l e s s ,  completely uninhabited and unvis i ted  p a r t  of the Tibetan highland. 
Pevtsovls  t h i r d  companion, the  geo log i s t  Bogdanovich, l a i d  the  beginnings 
f o r  the  geological  etudy of these  regions wi th  h i s  geological  observa- 
t i o n s  i n  t h e  Xunlun on t h e  northwestern margin of the  Tibetan highland. 

The s tudy of the  Tibetan highland was continued by V. I. Roborovskiy, 
P. K. Koelov, and e s p e c i a l l y  by G. N. Potania.  

The outstanding explorer  of China, G. N. Potanin, devoted himself 
t o  a s tudy of the  n a t u r a l  condit ions and population of Inner Asia during 
several  decades of h i s  l i f e ;  he was i n  Mongolia, i n  the  Chinese provinces 
of Shansi, Kansu, and Szechwan. I n  1885, having previously explored 
broad regions  of t h e  Chinese empire, including the  Ordos, Potanin c a r r i e d  
on work i n  Amdo F- a region of nor theastern  Tibet .  And, as W R S  customary 
f o r  him, t h e  explorer  a l s o  devoted a g r e a t  dea l  of a t t e n t i o n  t o  ethno- 
graphic observations,  h i s t o r y  and c u l t u r e  of t h e  Tibetans of Amdo and t o  
the  s tudy of Tibetan monasteries. 

I n  t h e  f a l l  of 1892, Potanin, on the  orders  of t h e  Geographical 
Society,  depar ted from Kyakhte t o  China on a new expedit ion which was t o  
continue t h e  study of t h e  eas te rn  border of t h e  Tibetan highleand. and the  
neighboring Chinese province of Szechwan. Due t o  the  ser ' ious ' i l lness  of 
h i s  t r a v e l i n g  companion -- A.  V. Potanina -- h i s  wife and a s s i s t a n t  -- 
t h e  exp lore r  could no t  complete the  e n t i r e  program t h a t  had been planned. 
The extreme western po in t  d i s t a n t  from Szechwan t o  which t h e  a c t i v i t y  
extended was t h e  East  Tibetan c i t y  of Kandin. 

The Geographical Society,  sending Potanin i n t o  Szechwan and Eastern  
Tibet ,  a t  t h e  same time sen t  V. I. Roborovskiy and P. K .  Koslov i n t o  
Centra l  Asia. Roborovskiyls expedi t ion wanted t o  jo in  Potanin i n  order 
t o  connect the  inves t iga t ions  of Russian scho la r s  through the 'Tien-shan,  
the  Turfen Basin, t h e  Nan-shan and f u r t h e r  t o  t h e  nor theast ,  the  border 
of t h e  Tibetan highland i n  Szechwan. Roborovskiy success fu l ly  completed 
a g r e a t  p a r t  of t h e  d i s tance  and c o l l e c t e d  a g rea t  wealth of s c i e n t i f i c  



data.  Pene t ra t ing  f u r t h e r  through t h e  Tibetan highland t o  the  south of 
the  Kukunor, Roborovskiy f e l l  s e r i o u s l y  ill i n  the  Amne-macin Mountains, 
n o t  f a r  from Szechwan, and t h e  expedi t ion,  now headed by h i s  a s s i s t a n t ,  
Koslov, was forced t o  re tu rn .  Thus, unforseen and t r a g i c  circumstances 
hindered Roborovskiy and Potanin from oonducting t h e i r  whole program of 
planned research.  However, sc ience was never t i le less  enriched wi th  exten- 
s i v e  and valuable  d a t a  on t h e  geography of t h e  nor theas te rn  border  of 
t h e  Tibetan highland, wi thout  even mentioning t h e  very important r e s u l t s  
of these  two outstanding Russian exped i t ions  i n  o ther  regions of Central  
Asia. 

Another of P r z h e v a l l s k i y l s  s tuden t s ,  P. K. Kozlov, i n  h i s  f i r s t  
independent Cen t ra l  A s i a t i c  Expedit ion of 1899-1901, explor ing a consider-  
able  t e r r i t o r y  i n  Mongolia, penetra ted i n t o  the  southeastern  region of 
the  Tibetan highland -- t h e  d i s t r i c t  of Kam. Here he descr ibed l a r g e  
mountain ranges t o  which he gave t h e  names Russian Geographical Socie ty  
Xange, Woodville Rockhil l  Range, and others .  Later  Koslov v i s i t e d  t h e  
headwaters of t h e  Mekong River,  e s t a b l i s h e d  t h e  bas ic  f e a t u r e s  of t h e  
orography and hydrographic network of t h e  Xam and gave a l i v e l y  and 
a t t r a c t i v e  d e s c r i p t i o n  of t h e  r i c h  and l u x u r i a n t  n a t u r a l  condi t ions  of 
southeastern  Tibet .  

Koslov, acquainted from former journeys wi th  t h e  severe n a t u r a l  
condi t ions  i n  Northern Tibet ,  was e s p e c i a l l y  i n t e r e s t e d  i n  observing 
t h e  new landsoapes opening up before him i n  the  Kam -- f u l l  of b r i g h t  
c o l o r s  and c o n t r a s t s .  To t h e  nor th  of t h e  Hwang-ho and Yangtze water- 
shed, t h e  exp lore r  notes ,  t h e r e  i s  a high,  cold p la teau  running f a r  
i n t o  t h e  d i s tance .  Through t h i s  p la teau t h e  uppermost headwaters of the  
Hwmg-ho flow p lac id ly ,  forming lakes  i n  places .  A g e n t l y  r o l l i n g  p l a i n  
extends i n t o  t h e  d i s tance .  To the  south of t h e  watershed, i n  the  Kam, 
t h e  charac te r  of t h e  a rea  changes sharply.  The r i v e r  valleys',  dark  
canyons, and rav ines  a l t e r n a t e  wi th  c r e s t s  which form watersheds, t h e  
peaks of which a r e  covered wi th  e t e r n a l  snows, and the  s lopes  a re  
covered wi th  f o r e s t  and succulent a lp ine  meadows. Side by s i d e  wi th  
North Tibetan forms of p lan t s  and animsl t h e r e  a r e  a l s o  p resen t  i n t e r -  
s s t i n g  r e p r e s e n t a t i v e s  of more southern species .  

I n  1907-1909, Koslov was i n  Eastern  Tibet  again. After h i s  work 
i n  Mongolia, where he discovered a remarkable monument t o  t h e  former 
power and c u l t u r e  of t h e  Tanguts ( t h e  Mongolian name f o r  t h e  Tibetans)  
-- the  c i t y  of Khara-Khoto, and he v i s i t e d  Amdo. Besides t h e  abundant 
general  geographic information and surveys, Koslovl s second independent 
expedi t ion,  t h e  Mongolian-~zechwan, y ie lded  abundant d a t a  dea l ing  wi th  
t h e  h i s t o r y ,  customs and cu l tu re  of t h e  Tibetans. 

Of t h e  o ther  Russian explorers ,  it i s  necessary t o  d w e l l - a  b i t  on 
the name of G. Tsybikov, a Buryat by o r ig in ,  who, as  a L m a i s t ,  was able 
t o  v i s i t  Tibet  proper and i t s  c a p i t a l  of Lhasa i n  1899. Tibet  proper and 



Lhasa were a l s o  v i s i t e d  by other  Buseian sub jec t s  who were Lamaists: 
Zayayev, Baza-bakshi, Monkodzhuyev, Norzunov, bu t  the  s c i e n t i f i o  r e s u l t s  
of t h e i r  journeys were neg l ig ib le .  Tsybikov, ho;i~ever, compiled a 
r a t h e r  d e t a i l e d  repor t ,  contining a r i c h  amount 3P i n t e r e s t i n g  informa- 
t ion.  Then discuesing t h e  Ruesian Lamaiete v i s i t i n g  Tibet ,  we should 
mention t h a t  they brought the  f i r s t  photographs back t h a t  sholred Lhasa, 
severa l  monasteries,  and p o r t r a i t s  of Tibetans. Tsybikov gave the b e s t  
desc r ip t ion  of Lhasa and i t s  s i ~ h t s  f o r  t h a t  time, a s  w e l l  as f o r  the  
c i t i e s  of Chetang ( ~ s z e t a n )  , S h i g ~ t s e ,  and a l s o  i n t e r e s t i n g  information 
about the  cu l tu re ,  way of l i f e ,  and r e l i g i o n  of the  Tibetans. 

A bri,eef review of t h e  contr ibut ion of Russian explorers  i n  the 
study of Tibet  and of several  Russian p r in ted  works a b o u t ' t h i i  subject  
should be ended wi th  a charac te r iza t ion  of the  e x c e l l e n t  workby N. V. 
Kyuner A Geographical Desorlption of Tibet  [Geograficheakoye o>saniye 
Tibeta],  published i n  1907-1908. 

A Geographical Descr ipt ion of Tibet  i s  an extensive summary of 
information about '  Tibet  ( including Eastern  T ibe t ) ,  compiled on the  bas i s  
of a c a r e f u l  study of a l l  then-exis t ing sources i n  l i t e r a t u r e .  The 
author d i d  an immense amount of work, c r i t i c a l l y  going over t h e  whole 
mass of r e p o r t s ,  books and a r t i c l e s  i n  the  pe r iod ica l  l i t e r a t u r e - i n  
many languages, general iz ing and systematizing t h i s  immense amount of 
data.  The desc r ip t ion  c o n s i s t s  of t h r e e  pa r t s .  The f i r s t  p a r t  includes 
a review of t r a v e l s  through Tibet ,  a s  the  author w r i t e s  "in connection 
wi th  t h e  development of European acquaintance wi th  t h a t  oountry," and a 
t r u e  geographic desc r ip t ion  of Tibet. The second p a r t  i s  ethnographic; 
it dea l s  with a descr-iption of the  ou te r  appearance of $he Tibetans,  
t h e i r  physical  c h a r a c t e r i s t i c s ,  cu l tu re ,  and economy, The t h i r d  p a r t  i s  
h i s t o r i c a l .  

/ *  

The work of 11. V. Kyuner on a number of problems examined, i n  
completeness and f ineness  of q u a l i t y  of the  mate r ia l  included, was 
unquestionably t h e  bes t .  Although science i s  now acquainted wi th  many 
new r a c t s  and h i s  treatment of t h e  s o c i a l  s i d e  of Tibetan l i f e  i n  a 
number of cases can cause object ions ,  n o t  one Tibetan exp lore r  can g e t  
by without using t h i s  work. 

I n  t h e  beginning of the  chapter  we mentioned the  anc ien t  CEinese 
sources on Tibet  t h e t  are  we l l  known t o  us, although without question 
the re  a r e  considerably  more. ';?e do not  how,  unPo~-tunately,  ebout the  
works of Chinese scho la r s  t h a t  a r e  c lose r  t o  us i n  time. Ye a r e  only 
able  t o  t e l l  b r i e f l y  about what hes been done s ince  t h e  establishment 
of t h e  I'eoplels Republic of China, when a new s t ~ g e  i n  t h e  study of Tibet  
began. 



By 1951, the  c e n t r a l  government of China had dispatohed a l a rge  
research expedit ion t o  t h e  Tibetan highland. For a per iod of two yeare 
it condycted work a t  s t a t i o n s  and i n  the  f i e l d .  This was a l a r g e  under- 
taking, f o r  the  f i r s t  time on such a sca le  and wi th  auoh ob jeo t ives  i n  
the  case of Tibet. The expedit ion,  having before it s c i e n t i f i c  and 
p r a c t i c a l  goals of varied nature ,  explored an extensive  region of the 
highland -- the  region of t h e  headivaters of the  t h r e e  r i v e r s  -- t h e  
Yangtze, Mekong, and Salween. The workers of t h e  expedi t ion a l s o  v i s i t e d  
the  va l l ey  of the  Tsangpo, passing westward t o  approximately 860 E. and 
the  val ley of the Chumbi. 

This f i r s t  complex Chinese expedi t ion gave valuable r e s u l t s  having 
g rea t  s ignif icance f o r  the  development of t h e  economy of t h e  Tibetan 
highland. Li Pu, Hu Shen-sya, and i t s  o the r  members c o l l e c t e d  new infor-  
mation about t h e  r e l i e f  of the  highland, c l imate ,  s o i l s ,  vegbtation,  
the animal l i f e ,  minerals,  hydro-resources and t h e  economy. 'They revealed 
the p o s s i b i l i t y  of an economic u t i l i z a t i o n  of ind iv idua l  regions of the 
Tibetan highland. They a l s o  s tudied t h e  ethnographic f e a t u r e s  and the  
language of the  Tibetan population. The expedi t ion compiled a geological  
a t l a s  of 600,000 square miles,  which shows t h e  geological  and t e c t o n i c  
s t ruc tu re  of an extensive t e r r i t o r y  of the  Tibetan highland 

Df considerable s ign i f i cance  f o r  t h e  study of Tibet  and the  b e t t e r  
u t i l i z a t i o n  of i t s  n a t u r a l  resources a r e  the  works of the  Chinese 
Academy of Sciences t h a t  were produced i n  connection wi th  t h e  work of 
dividing China i n t o  physical-geographic, c l imat ic ,  s o i l ,  geo-botanical 
and zoological-geographic regions.  (1n 1957, these  works were publiahed 
i n  the  Russian language bj- the  Academy of Sciences of the  USSR uiider the 
name Physical,-Geographic Regionalization of China [Fiziko-geograficheskoye 
rayonirovaniye Kitaya] Transla ted from the  Chinese by Ya. Ll. Berger and 
others  (Col lec t ion  of a r t i c l e s ) .  

The f i n a l  de l inea t ion  of regions i s  s t i l l  not  ready,' but  e x i s t i n g  
d r a f t s  sum up the  ava i l ab le  howledge of both Tibet  and o ther  d i s t r i c t s  
and regions of China. I n  addi t ion,  they conta in  valuable and f a c t u a l  
mater ia l  which, l i k e  the  preliminary r e p o r t s  of the  pa r t io ipa i i t e  i n  the  
above s a i d  expedit ion,  are  u t i l i z e d  i n  t h i s  book. 



SURFACE STRUCTURE 

CONCGRNING HISTORY GF FORMATION OF TIBETAN HIGHLAND AND TIBETAN RELIEF 

In  general  terms, the  Tibetan highland c o n s t i t u t e s  a c o l l o s a l  
p la teau- l ike  u p l i f t  of a sec t ion  of the e a r t h 1 a  c r u s t ,  which r i s e s  
approximately 3,500 meters above t h e  Tarim Basin which adjoins it on 
the  nor th ,  and by almost 4,500 meters above the  Indo-Ciangetic Pla in  which 
adjoins  it on the  south. The northern u p l i f t e d  shoulder of the  highland, 
f a l l i n g  off sharply  t o  t h e  Tarim Basin, i s  t h e  Kunlun and the southern 
shoulder, s t i l l  more u p l i f t e d  and a l s o  sharply dropping off  -- i n  t h i s  
case t o  t h e  Indo-Gangetic Lowland -- i s  the Himalaya. 

I n  i t s  general  layout the  highland reminds us of a trapezium with  
rounded contours,  having i t s  maximum width along the  meridian-of 94O E. 
I n  the  western, contracted portion,  the  ranges of the  Kunlun, Karakorum, 
and iiimalaya come close  toge ther  and join with the  mountains of the 
Hindukush, wi th  t h e  I ran ian  and Pamir h ighlands ,which c o n s t i t u t e  p a r t  
of t h e  Mediterranean "mobile" zone which extends f u r t h e r  t o  t h e  west. 
I n  the  eas t ,  however, the  highland drops down t o  t h e  Szechwan Lowland i n  
s t eps ,  having the  appearance of north-south ranges. 

Typical of t h e  surface  s t r u c t u r e  of the  highland surface  irS t h e  
boundaries of Tibet  a r e  broad p l a i n s  and ( i n t e r s e c t i n g  them) rahges 
(most oommonly wi th  an east-west o r ien ta t ion)  with a l o c a l  r e l i e f  from 
several  hundred t o  1,000-1,500 meters. The base of the highland on which 
the  mountain ranges appear t o  r e s t  c h a r a c t e r i s t i c a l l y  has a unifonnly 
high l eve l ,  wi th  v a r i a t i o n s  i n  l o c a l  r e l i e f  over the whole a rea  of 
200-300 meters. 

A t  f i r s t  glance it seems t h a t  the  surface  s t r u c t u r e  of Tibet  i s  not  
very complex. However, a s  w i l l  be seen from what follows, t h i s  i s  f a r  
from the t r u t h .  

The Tibetan highland, together  wi th  the extremely large  mountain 
systems framing it -- t h e  Kunlun, the  Karakorum, and the  Bimalaya -- i s  
given the  name "High Asian by V. M. S ini tsyn.  It i s  the l a r g e s t  young 
u p l i f t  on t h e  globe. Genet ical ly  a l l  these  mountain systems &id upland 
p la ins  a re  inter-connected. 

High Asia arose i n  the region of the  Kunlun-Himalaya mobile zone. 
which c o n s t i t u t e s  a p a r t  of t h e  whole Mediterranean mobile zone. I n  i t s  

t u r n  the  Kunlun-Himalaya zone cons i s t s  of two branches, separated i n  the  
region of Tibet  by the  c e n t r a l  massif of t h e  Changtang and coming together  
beyond i t s  boundaries -- i n  t h e  headwaters of t h e  Yarkand-Dar'ya end i n  
the  bend of t h e  Yangtze River. 



The Tibetan upland did  n o t  a r i s e  a l l  a t  once but  i n  t h e  course of 
several  geological  periods. The e a r l i e r  t e c t o n i c  s t r u c t u r e s  bear c lea r ly  
expressed t races  of the act ion of consecutive orogeniea and neotectonioe,  

The beginning of mountain formation i n  t h e  region of High Asia took 
place i n  the  middle and upper Paleozoic, when t h e  Caledonian and 
Hercynian orogenic cycles u p l i f t e d  t h e  Kunlun. I n  t h e  Mesozoic began 
the  Yanshan ( p a c i f i c  ocean) orogeny which l e d  t o  t h e  u p l i f t  of the  
Karakorum and the  Tranehimalaya. The T e t i s  Sea, r e t r e a t i n g  t o  the south 
as  a r e s u l t  -- i n t o  the  Himalayan geosyncline, continued t o  e x i s t  u n t i l  
Ter t iary  times, when t h e  u p l i f t  of t h e  Himalaya began. This immense 
mountain system rose wi th  exceptional v igor  i n  the  Oligocene; it con- 
tinued t o  r i s e  i n  the  Miocene, Pliocene, lower Ple is tocene and r i g h t  up 
t o  the  present  day. 

As a r e s u l t  of the ac t ion  of orogenic fo rces  appearing i n  t h e  course 
of several  geological  e ras ,  the re  arose  i n  t h e  a r e a  of t h e  Tib6tan"high- 
land a s e r i e s  of tremendous mountain systems wi th  an east-west  bribnta- 
t i o n  or  c lose  t o  an east-west  o r i e n t a t i o n  (northwest-southeast) .  But in  
the  period of the  fo rn~a t ion  of the  Himalaya t h e  whole t e r r i t o r y  of the 
Tibetan highland experienced a warping and block movements. They wsre 
espec ia l ly  s t rong a t  t h e  end of t h e  Neogene and i n  t h e  Ple is tocene.  
(1n t h e  :Pre-Kunlun and t h e  Pre-Himalaya arches and a l s o  i n  t h e  Tsaidam 
th ick  s t r a t a  of conglomerates accumulated a t  t h a t  time.) ' 

Tert iapy mountain formation exercised t h e  s t r o n g e s t  inf luence even 
on ancient  mountain s t r u c t u r e s ,  which were u p l i f t e d ,  broken a p a r t ,  and 
dissected i n t o  ind iv idua l  pa r t s .  This gave t o  t h e  Kunlun' a s t r u c t u r e  of 
folded block mountains and an echelon-like arrangement. The ' T e r t i a r y  
orogeny created the  complex s t r u c t u r e  of t h e  Tibetan highland; although 
i t s  p r i n c i p a l  u n i t s  f o r  the  most p a r t  r e t a i n e d  t h e i r  east-west  (and 
northwest-southeast)' o r i en ta t ion .  

I n  the  T e r t i a r y  period,  however, ev iden t ly  i n  the Oligocene, the  
northern and e a s t e r n  regions of t h e  Tibetan highland were f i n a l l y  
l i b e r a t e d  from t h e  waters of t h e  T e t i s  Sea which i n  the Cretaceous period 
peached as  f a r  as 104O E. I t s  c e n t r a l  pa r t s ,  however, were covered by a 
shallow sea  and were f reed  l a t e r  from beneath t h e  waters  of  t h e  sea .  
S t i l l  l a t e r ,  i n  t h e  Neogene, deeper depressions i n  the  south  and south- 
west of the f u t u r e  highland became dry. The con t inen ta l  per iod of 
development of t h e  r e l i e f  of Tibet  began thus from the  middle of the  
Ter t i a ry  period. 

From t h e  beginning of the  con t inen ta l  period of development of the  
surface of Tibet ,  high ranges were subjected t o  denudation, f i l l i n g  with 
the  products of rock des t ruc t ion  the  deep intermontane v a l l e y s  and lake 
bas ins ,  which occupy individual  depressions.  From t h e  beginning, e v i -  
dent ly ,  t h i s  process took place under a more moist and mrmer c l imate  i n  



comparison wi th  the  modern olimate,  and the re  was drainage to the ocean. 
One o m  judge oonoerning t h e  g r e a t e r  warmth and moieture of the  olimnte 
i n  the  paet ,  f o r  example, from t h e  depoeite i n  the  baain of t h e  S u t l e j  
River. The headwaters of the  S u t l e j  c u t  through th iok Ple is tocene 
a l l u v i a l  s t r a t a  of c lay ,  sand, and gravel ,  i n  which a re  found the  bones 
of such animals a0 t h e  rhinoceros.  

I n  the  Quaternary period,  together  wi th  the  continuing growth of 
young mountain eyeterns i n  Aeia, the  Tibetan highland again experienced 
an u p l i f t  as  a r e s u l t  of which a broad bas in  of i n t e r i o r  drainage wae 
formed i n  i t s  t e r r i t o r y .  A whole s e r i e s  of f a c t e  g ives  evidence of t h e  
u p l i f t  o f t h e  Tibetan highland i n  the post -Ter t iary  period. Thue, i n  
the  upper Indus a t  an e l e v a t i o n  of 3,800-4,000 meters above sea  l e v e l ,  
T e r t i a r y  peneplanes a r e  preeent.  K. K. Markov m i t e e  t h a t  i n  t h e  Mintya- 
Gonkar Mountaine i n  Eastern Tibet  the re  a r e  only t r a c e s  of ems11 ancient  
g l a c i a t i o n  and t h a t  the  a r e a  i s  character ized by a mixtul;b of subtropi-  
c a l  and a lp ine  forms of vegetat ion.  A l l  t h i s  can be explainea,  he 
notes ,  only by the  f a c t  t h a t  t h e  Minlya Gonkar during the  e r a  of 
g l a c i a t i o n  was lower than now and l a t e r  it wae u p l i f t e d .  However, the  
Chinese geo log i s t  Li-Sy-Nuan, on the b a s i s  of the  f a c t  t h a t  cu r ren t s  
of g l a c i a l  waters  have cu t  almost 100 meters i n t o  t h e i r  own deposi t8  
i n  these  mountains, draws the  conclusion t h a t  the  Tibetan upland i s  s t i l l  
continuing t o  rise. 

The high u p l i f t e d  ranges of t h e  Himalaya have made extremely d i f f i -  
c u l t  any access  of t h e  moist  a i r  masses of t h e  Indian Ocean t o  a l a r g e  
p a r t  of t h e  t e r r i t o r y  of Tibet .  Therefore, from the  beginning of t h e  
Quaternary period t h e  processes of des t ruc t ion  of the  Tibetan mountains 
were now tak ing  place under condi t ions  s t i l l  more a r i d  than before ,  wi th  
an i n t e n s e l y  con t inen ta l  c l imate  end i n  an immense a rea  i n  which t h e r e  
was no drainage t o  t h e  ocean. 

The formation of the r e l i e f ,  as  can be seen from what we have 
a l ready  s a i d ,  was complex and d i d  n o t  t ake  place a s  a process of calm 
evolut ion.  I. I. Markov no tes  t h a t  Tibet  underwent two phases of develop- 
ment: t h e  phase of base l e v e l i n g  (we r e c a l l  the  T e r t i a r y  peneplanes a t  
the  headwaters of the  1ndus) and t h e  phase of u p l i f t i n g  of the  eroded 
su r f  aces  

C l a r i f i c a t i o n  of the  r o l e  of ancient  g l a c i a t i o n  i s  extremely d i f f i -  
c u l t ,  p a r t l y  because t h e  upland i s  s t i l l  poorly s tudied and very few 
d a t a  of any kind have been c o l l e c t e d ,  and p a r t l y  because the  a c t i v i t y  of 
the  g l a c i e r s  d id  n o t  everywhere appear wi th  g r e a t  i n t e n s i t y  and i n  many 
places i t s  t r a c e s  may be wiped ou t  a s  a r e s u l t  of weathering. (Speaking 
of the  absence of t r a c e s  of anc ien t  g l a c i a t i o n  i n  Centra l  Tibet ,  E. 
Tr ink le r  wrote t h a t  p r e g l a c i a l  e ros ion  d i d  not  t ake  place here t o  suoh a 
degree a s  i n  t h e  mountains on t h e  border, and the re fo re  troughs and other  



forms could n o t  be developed deeply and, i n  add i t ion ,  they were f i l l e d  
with younger deposi tss  as  a r e s u l t  of whioh these  v a l l e y s  now have the 
appearance of p la ins . )  There i s  no uniform opinion among researohers 
about the  sca le  and area  of development of anc ien t  g l a c i a t i o n  i n  Tibet, 
Thus, Sven Hedin f e l t  t h a t  g l a c i a t i o n  appeared t o  on ly  a l imi ted  extent 
i n  Tibet. In  h i s  opinion, the  temperature i n  t h e  P le i s tocene  i n  the 
t e r r i t o r y  of t h e  highland was low and a l toge ther  favorab le  f o r  g lacia-  
t ion ,  but the  high ranges s i t u a t e d  t o  t h e  south  of t h e  highland 
blocked the penetra t ion of moist a i r  masses i n t o  the  mountain region8 
of Tibet  and they  did no t  cover the  high p la ina  s i n c e  moraines a re  
absent on them. 

I n  the  opinion of Ward, basing h i s  eva lua t ion  on h i s  many yeara of 
observations i n  Eastern  Tibet ,  only a p a r t  of t h e  t e r r i t o r y  of the high- 
land, s i t u a t e d  b e h e e n  94 and 1000 E. and 28 and 32' No, t h e  a r e a  s t i l l  
subject  t o  t h e  influence of t h e  moist  southeastern  winds, was covered by 
a g lac ie r  mantle, 

E. V. Kozlov comes t o  t h e  conclusion t h a t  t h e r e  was no continuous 
g lac ia t ion  on the  Tibetan highland. On t h e  b a s i s  of a s tudy of the  
ornithology of the  Tibetan highland she draws t h e  fol lowing ooncluaion: 
"The sharply  expressed endemism i n  the  orni thology of T ibe t ,  '%fie presence 
of  i s o l a t e d  species and genuses of b i r d s ,  o f w h i c h  the n a j o r i t y  l i v e  
 yea^=---ound on the  highland, gives evidence, a s  was' a l ready  ind ica ted ,  of 
the ancient  -- a t  any r a t e ,  pos t -g lac ia l  -- res idence of t h e i r  ancestors 
i n  t h i s  country, and, consequently, t h a t  they  may have survived Quaternary 
g lac ia t ion  without leaving the  area.  From t h i s  it n e c e s s a r i l y  follows 
t h a t  i n  r e a l i t y  the re  was no continuous g l a c i a t i o n  on t h e  Tibetan high- 
land". ( ~ v i f a u n a  of t h e  Tibetan Highland, I t s  Rela t ionships  and History 
[Avifauna Tibetskogo nagorqyao eye rodstvennye svyazi i i s t o r i y a l ,  Works 
of the  Zoological I n s t i t u t e  of the  Academy of Sciences of t h e  USSR 
( ~ r .  3001. in- ta  AN SSR), 1952, Vol IX,  4, page 1,026.)' 

Other inves t iga to rs  hold  a d i f f e r e n t  opinion. Thus, a p a r t i c i p a n t  
i n  t h e  Chinese Tibetan Expedition of 1951-1953, Hu Shen-su, w i i t e s  t h a t  
on the  Tibetan highland t r a c e s  of t h e  a c t i v i t y  of a n c i e n t  g l a h i a t i o n  are 
t o  be seen everywhere: a mass of debr i s ,  u-shaped v a l l e y s ,  moraine " 

lakes ,  He noted everywhere t r a c e s  of g l a c i a l  a c t i v i t y  a t  e le+at iona of 
3,000-5,000 meters, but  t h e  maximum a r e a  of t h e  eroded g l a c i a l  surface i s  
associa ted wi th  an e leva t ion  of 4,200 meters (HU Shen-su, 1953). V. M e  

Sini tsyn,  from observations i n  d i f f e r e n t  p a r t s  of t h e  Xunlun and the  
Tibetan highland, draws the  conclusion t h a t  ancient  g l a c i a t i o n  took 
place i n  Tibet  on an immense scale .  (This information as  we l l  a s  some 
information on iology was kindly sen t  t o  us by V. M. S i n i t s p . )  Glacia l  
sculptured forms of d i f f e r e n t  degrees of sharpness a re  observed every- 
where here and a re  e a s i l y  recognized i n  every lake va l l ey .  I n  t h e  Kunlun 
ancient moraines and troughs de l imi t  t h e  boundary where t h e  g l a c i e r s  



drop down t o  3,500-3,300 meters i n  the west, 4,200-4,000 meters in t h e  
c e n t r a l  p a r t  of the  Kunlun and t o  3,700 metere i n  the  eas te rn  par t .  It 
a l s o  revea l s  t h e  same sequence of regional ohanges as does modern glacia-  
t ion .  

I n  the Western Karakorum and the  Punjab Himalaya ( t h e  eouthern 
s lope)  t h e  g l a c i e r s  dropped down t o  an e leva t ion  of 2,900-2,800 meters 
or  300-500 meters lower than t h e  boundary of modern g lao ia t ion  of t h i s  
region. I n  the  Nepal Himalaya ( a l s o  on the  southern s lope)  the  
d i f fe rence  in e leva t ion  of t h e  ends of ancient  and modern g l a o i e r s  i s  
c lose  t o  1,000 meters, and i n  the  Assarn Himalaya t h e  f i g u r e  i s  about 
800 meters. V. h!. Sin i t syn  bel ieves  t h a t  if the  di f ference i n  e leva t ion  
of the ends of ancient  and modern g l a c i e r s  of Tibet  i s  considered t o  be 
a minimun of 900 meters, a s  i s  recorded f o r  t h e  Central  Kunlun, which has 
much i n  common with  Tibet  i n  the  way of orographic and c l imat ic  features ,  
then i n  t h i s  case t h e  lower boundary of occurrence of ancient  g lac ie r0  
i s  4,600 meters. Consequently, the whole highland of Tibet ,  f o r  which 
t h e  f igure  4,300 meters i s  the minimum, i n  the e a r l y  Quaternary e r a  was 
completely covered wi th  a mantle of snow and ice ,  wi th  t h e  exception of 
the  oraggy c r e s t s  of i t s  inner  ranges. And, In a c t u a l i t y ,  a l l  of t h e  
more o r  l e s s  s i g n i f i c a n t  va l l eys  of Tibet  bear t r a c e s  of g l a c i a l  ac t iv -  
i t y .  U-shaped va l l eys  a re  aeen c l e a r l y  both i n  t h e  mountains-and on the  
 plain^. Moraines, however, a re  d i s t r i b u t e d  only along t h e  margins of 
nountain massi fs  where the re  a r e  sharp changes of slope i n  the  longi tu-  
d ina l  p r o f i l e  of t h e  troughs. On coming out onto t h e  intermontane 
p la ins  t h e  speed of movement of the  g l a c i e r s  sharply decreased. This 
].owered t h e i r  e ros iona l  energy and t h e i r  a b i l i t y  t o  t r anspor t  the  pro- 
ducts of weathering. I n  Tibet  one does no t  see g l a c i a l l y  deepened 
v a l l e y s p  smoothed c l i f f s  and s t r i a t i o n ,  This i s  due t o  the  r e l a t i v e l y  
t h i n  l a y e r s  of t h e  masses of i c e  and t h e i r  poor mobi l i ty .  The develop- 
ment of g l a c i a t i o n  i n  Tibet  ( e s p e c i a l l y  i n  a hor izon ta l  d i r e c t i o n )  was 
favored by f l a t  r e l i e f  wi th  i t s  broad bas ins  without drainage t o  the  
outside.  I n  the  e a r l y  s tage of g l a c i a t i o n  t h e  i c e  f i l l e d  a l l  the  va l l eys  
and bas ins  of the  highland, forming i n  t h e  mountains complexly branohing 
forms b u t  forming sheets  i n  the  depressions. Later on the re  no longer 
were ice sheets  on t h e  p la ins  and t h e  i c e  became more and more concen- 
t r a t e d  i n  t h e  r i v e r  val leys ,  forming immense va l l ey  g l a c i e r s  ending 
b l i n d l y  i n  bas ins  without drainage t o  the  outside.  With a f u r t h e r  
r e t r e a t  of the  g l a c i e r s ,  i n  t h e  depressions f reed  from i c e  broad sandy 
p l a i n s  arose  wi th  l a r g e  lakes  which d r i e d  out simultaneously wi th  the  
dying out of t h e  g l a a i e r s  i n  t h e  mountains. 

Modern f a c t o r s  of influence i n  the  development of r e l i e f  i n  Tibet  
i n  t h e  modern period a re  endogenous processes, appearing i n  the  contin- 
uing u p l i f t  of the highland (1n comparison with t h e  Himalaya and the 
Kunlun t h e  highland somewhat lagged behind i n  t h i s  process . '  Aocording 
t o  d a t a  from V. M. Sini tsyn,  t h i s  l a g  amounted t.o 300 meters ( see  



Geography of Foreign Asia [Geografiya zarubezhnoy Aziyi], 1956, page 
2 0 7 ) ~  t h a t  i s ,  i f  the  Himalaya and Kunlun rose  1,300-1,500 meters i n  
post-glacial  times, Tibet  rose only 1,000-1,200 me t e r s )  ; earhquakes and 
volcanism; the  tec tonic  s t r u c t u r e  and l i t h o l o g i c a l  composition of the 
rocks making up the surface;  the  p o s i t i o n  of d i f f e r e n t  p a r t s  of Tibet  
above sea l e v e l  and the e ros iona l  base; t h e  absence of drainage t o  the 
ocean i n  the i n t e r i o r  regions and the- prsssrrce of drainage t o  t h e  ouDsi&., 
i n  border sec to rs ;  c l imat ic  and biogenous f a c t o r s .  

hdogenous processes appeared i n  t h e  highland both  i n  remote 
geological e r a s  and i n  t h e  modern period.  I n  T ibe t  c l e a r  t r a c e s  of 
volcanic a c t i v i t y  of Mesozoic and a l s o  T e r t i a r y  age a r e  preserved.  A 
broad region with t y p i c a l  d i s sec ted  l ava  mantling has been discovered 
md was described by P o  Hedin between t h e  Russkiy m d  the. Przhevall  skiy 
Ranges. Here L i t t l e d a l e  t r aced  a zone of former volcanic  a c t i v i t y  from 
3 6 O  500 t o  33O 50' N o  as  he moved from nor th  t o  sou th  approximately along 
87' N. I n  addi t ion,  he a l s o  discovered t h e  Tongo vo lcmo near  Lungnak, 
The presence of igneous rocks i n  Tibet  i s  confirmed by d a t a  furnished by 
the  Chinese expedit ion of 1951-1953. I t  was e s t a b l i s h e d  t h a t - i n  Tibet  
the re  a re  large  a reas  covered by volcanic  rocks. These a r e  e s p e c i a l l y  
widely developed t o  t h e  n o r t h  of Lhasa a s  f a r  a s  t h 8  southern p a r t  of the 
lake region i n  the  Transhimalaya. 

I n  the  t e r r i t o r y  of Tibet  t h e r e  a re  a l s o  p resen t ly  a c t i v e  volcanoes. 
Thus, i n  1951, during t h e  cons t ruc t ion  i n  t h e  Kunlun of p a r t s  of t h e  
road i n t o  Tibet  by t h e  National L ibera t ion  Army, a volcanic  cone was 
discovered from which " there  arose  smoke and from which rocks were 
e jected,"  V. Id. S i n i t s y n  a l s o  w r i t e s  t h a t  t h e  Chinese geo log i s t  Wan 
observed a volcanic  c r a t e r  completely untouched by the  processes of 
denudation. I t  had f rozen streams of andes i t e  lava  flowing from it. 
Wan did  not  note s igns  of a c t i v i t y  i n  the  volcano. Acoording t o  i n f o r -  
mation from Chinese geo log i s t s ,  an a c t i v e  voloano i s  s i tua tedoon  t h e  
boundary of t h e  southern range of t h e  Kunlun and t h e  Tibetan p la teau  
near t h e  road from t h e  v i l l a g e  of Polur in  S in l t szyan  t o  t h e  Keriya- 
Davan Pass (1954). 

That mountain-forming movements i n  t h e  Tibetan highland have s t i l l  
not  ended i s  evidenced by the  occurrence of earthquakes. The most 
i n s t a b l e  zone, i n  t h e  opinion of M. So Krishnan (1954) i s  t h e  T e r t i a r y  
b e l t  and the  zone of con tac t  of T e r t i a r y  rocks w i t h  those of more ancient 
formations. Seismism a l s o  appears where p ro jec t ing  anc ien t  mass i f s  oppose 
the  forward movement of the  f o l d s  i n  t h e  d i r e c t i o n  of t h e  anc ien t  Indian 
platform. I n  t h e  region of the  Tibetan highland t h e r e  a r e  sharp ly  bent 
s e c t o r s  of folded a rcs  t h a t  are  s i t u a t e d  i n  t h e  southeast  near  t h e  c i t y  
of Sadiyya and i n  the  southwest i n  t h e  region of G i l g i t  ( ~ a s h m i r ) .  



Earthquakes a r e  very f r e q ~ o n t  i n  t h e  Tibetan highland. Several  
l a rge  earthquakes have been noted during t h e  l a e t  decade. H. Harrer 
descr ibes  an in tense  earthquake which occurred on 15 August 1947 i n  
Lhasa. I n  t h e  c i t y  up t o  40 individual  ehocks wsre heard m d  houses 
trembled s t rong ly  as  a r e s u l t ,  A n  immense glow appeared i n  the  eaet .  
I n  Aseam, w r i t e s  Harrer, mountains and valley8 trembled a t  t h i s  time. 
The focus  of t h e  earthquake waa in Southern Tibet  where many Tibetan 
surfaces  were r e n t  by cracks i n t o  which both buildings and people 
disappeared. A n  in tense  earthquake was noted in 1950 with  an ep icen te r  
i n  t h e  region of Bomi; shocks from the  earthquake were f e l t  i n  the  nor th  
as  Par as  Tszelatszun ( t o  the  e a s t  of 94' ?Io on the Teangpo River). 
Tibet ,  a s  a zone of i n e t a b f l i t y ,  i s  a l so  character ized by outflows of 
h o t  water -- eprings and geysers associa ted wi th  oracke i n  the  e a r t h ' s  
e rue t  . 

Exogenous processes have g r e a t  importance i n  the  formation of the 
modern r e l i e f  of Tibet ;  erosion,  meohanical weathering ( f ros t ) - ,  the  
a c t i v i t y  of t h e  wind, e to .  They a re  most in tense  i n  t h e  aunimer period, 
when t h e  recleipt of s o l a r  warmth a t  t h e  ear th"  c r u s t  i s  increae'ed 'and 
etreams become immeasurably deeper and wider. 

In respeot  t o  erosion,  it i s  necessary t o  emphasize t h a t  i t s  r o l e  
i n  t h e  formation of t h e  r e l i e f  i s  notioed f i r s t  and foremost on the  
borders of Tibet ,  e s p e o i a l l y  In t h e  Himalaya, and, secondly, on t h e  
southern s lopes  of t h e  ranges wh:=h intercept the  moisture of t h e  Indian 
monsoons" The power of water eros ion i s  espec ia l ly  g r e a t  on t h e  southern 
slopes of the  Himalayc. The r i v e r s  here receive an immense amount of 
water both from t h e  abundant mr,reor,a r a i n s  and from t h e  thawing of s n m  
and g l a c i e r s .  The discharge of water In summer increases many t h e e ,  and 
t h i s  leads  t o  a sharp Increase ic t h e  enepgy of t h e  r i v e r s  and t h e i r  
e ros iona l  a ~ d  t r a n s p o r t  capacity.  Using Eri9s formula, the  weight of 
t h e  s o l i d  m a t e r i a l  t r anspor ted  ky t h e  r i v e r  i s  propor t ional  t o  t h e  s i x t h  
power of t h e  veloci ty :  p = A$, t h a t  is, i f  t h e  v e l o c i t y  of f low i s  
doubled, then t h e  m i g h t  cf t h e  t r anspor ted  mate r ia l  increases  64 t h e ;  
t r i p l i n g  t h e  velooi ty ,  th i s  weigh% of t h e  t ranspor ted mate r ia l  i s  723 
times g r e a t e r ,  e t c o  Th~u,  it; is ucderstandable how grea t  the  t r anspor t  
a b i l i t y  of the  Himalayw~ yivers  becomes when they c a r r y  t h e i r  mass of 
d s t r i t a b  mate r ia l .  Digging &own deeper a s  the  mountain ranges rose,  
occas losa l ly  using tectonic f a u l t s  arid crevices ,  they incised canyons 
and va l leys  i n  t h e  mountains t h a t  were hundreds o r  thousands of meters 
i n  depth,  

Erosion, however, m u  surfase  wash In p a r t i c u l a r ,  have been 
s t rong ly  weakened by t h e  g rass  and t r e s  cover on the  eouthern slope of 
the HlmaEaya. The r o l e  of the uegeta t ive  cover, e s p e c i a l l y  t h e  f o r e s t  
cover, inc reases  more and more due t o  t h e  f a c t  t h a t  t h e  maximM r a i n s  
f a i l  is t h e  zone occupied by fo ree te .  



To the  nor th  of the  c r e s t  of the  Himalaya, r i s i n g  f a r  above the 
main flow of t h e  moisture-saturated a i r  cur ren t s ,  the  s ign i f ioanoe  of 
the monsoon r a i n s  i n  the  feeding of r i v e r s  drops sharply  and t h e  feeding 
comes e s s e n t i a l l y  from waters of t h e  thawing snows and g l a c i e r s .  I n  
connection with the  general decrease i n  t h e  amount of water e n t e r i n g  the 
riwr, i t s  capaoity as an agent of e r o s i o n  i s  a l s o  decreased. But none- 
t h e l e s s  the  southern slopes of t h e  watershed ranges of t h e  Transhimalaya- 
Kailas and the  Nyenchen-Tanghla, e s p e c i a l l y  t h e  Kai las ,  a r e  s t rong ly  
dissected.  The absence of a  f o r e s t  cover does n o t  prevent e ros ion  from 
appearing here with a l l  i t s  fo rce ,  and only the  hard g r a n i t e  rocks of 

6' 
which these  ranges cons i s t  form an obs tac le  t o  t h e i r  r ap id  eros ion.  

In the  riorthern regions of t h e  Transhimalaya and e s p e c i a l l y  i n  the 
Changtang,, s t i l l  l e s s  r a i n  f a l l s ,  and the  s p e c i f i c  weight of water from 
snow and g l a c i e r  thaw i n  the  feeding of t h e  r i v e r s  increases .  However, 
due t o  the  a r i d i t y  of t h e  c l imate  the re  a r e  s i g n i f i c a n t l y  fewer glacier8  
and l e s s  snow here than i n  t h e  Himalaya o r  even i n  t h e  Kai las  and t h e  
Hyenchen-Tanghla; therefore ,  the  r i v e r s  c a r r y  l e s s  water and a r e ' l e s s  
vigorous and r i v e r  eros ion i s  l e s s  developed. I n  add i t ioh ,  thede Pegions 
do not have drainage t o  the  outs ide  and, consequently, t h e  base l e v e l  
i s  high. The base l e v e l  here i s  l o c a l  and i n  absolute  e l e v a t i o n  i s  
approximately 5,000 meters. Naturally,  under such condi t ions  t h e  ero- 
s ional  fo rce  of t h e  water cur ren t s  i s  considerably l e s s  than i n  those 
regicns t h a t  are  drained by r i v e r s  t h a t  f low t o  the  ocean, t h a t  i s ,  
havlng a low base l e v e l .  I n  add i t ion ,  due t o  the  absence of drainage t o  
the  outside,  the re  has accumulated a  mass of d e t r i t u s  which forms an 
obstacle  t o  deep eros ion i n  t h e  depressions of the  r e l i e f  and i n  t h e  
r i v e r  val leys .  

In  t h e  d e s e r t  regions e ros ion  has s p e c i a l  f ea tu res .  For example, 
the  val leys  dropping down t o  t h e  Aksaychin have a  canyon-like form o r  
even t h e  appearance of narrow s l o t s .  The e ros iona l  forms i n  t h e  baAsin 
of the  headwaters of t h e  S u t l e j  River a r e  a l toge ther  s ingu la r ;  The 
S u t l e j  d ra ins  t o  the  ocean. As we have mentioned, t h i s  p a r t  of t h e  
t e r r i t o r y  of Tibet  i s  character ized by s t r a t a  of loose  depos i t s  wi th  
remnants of Ple is tocene alluvium -- clays ,  sands and gravel.  These 
deposi ts ,  spread over an a rea  of two thousand square ki lometers ,  r i s e  
hoidly  above t h e  l e v e l  of the  Su t le  j. I n  them we can observe s t r i k i n g  
e ros iona l  forms which a re  pecu l ia r  t o  a r i d  regions:  c o l l o s a l  canyons, 
hundreds of meters deep, a  dense network of V-shaped d ry  washes gul ly ing 
t h e  v a l l e y  slopes and, i n  addi t ion,  t h e  most exo t ic  e o l i a n  c i t i e s  of 
towers, c a s t l e s  and obelisks.  

Thereas r i v e r  eros ion plays an important r o l e  i n  t h e  formation of 
r e l i e f  on t h e  southern border of Tibet ,  mechanical ( f r o s t )  weathering has 
an equal ly  s i g n i f i c a n t  r o l e  i n  i t s  i n t e r i o r  regions,  t h i s  being t r u e  
ch ie f ly  i n  the  warm season of the  year. These regions  a r e  character ized 
by very l a rge  diurnal  ranges of temperature;  sometimes t h e  v a r i a t i o n s  



i n  temperature a re  g rea t  even d.uring the  daytime, since o f ten  the m a t h e r  
shanges suddenly from warm t o  cold and the  temperature chmgea Pram above 
f reezing t o  below freezing;  n i g h t  Preeree ara a l s o  c h a r a c t e r i s t i c .  
Sharp changes i n  temperature cause uneven tenaions i n  t h e  rocks and t h e  
appearance of cracke. Becoming f r l l e d  with nvater or  steam, the  cracks 
increase  s t i l l  more i n  s i z e ,  s~pecra:ly with the f reezing of the  water, 
s ince  a t  t h i s  time the  p r e ~ e u r 6  on t he  wali~ s f  the cracke becomee a8 
g r e a t  a s  6,000 kilograms pex squat e ccln.timetar. 

No l e s e ,  and poss ibly  even more i3 tease  i s  t h e  breakdown of rocks 
on a b r igh t  sunahiny day, In  the  r e r e f l e d  and extremely dry  Tibetan 
atmosphere eharp temperature dl f ferencea ooour i n  the  aun and i n  the 
shade. When the re  a re  high pos i t ive  t e m p e ~ a t ~ u r e s  i n  the  sun , -no t  foo 
f a r  o f f ,  i n  t h e  ehade, t h e  temperatures wil l  of ten be negative. Aa t h e  
sun moves through the sky d i f f e r e n t  p a r t s  of the  e a r t h ' s  gurfdce f & l l  
f i r s t  i n  t h e  zone of i l lumlllat ion end then i n  t h e  ehadow;. t h u e ' a  s t a t e  
of etrong heat ing i e  suddenly replaced by oooling; t h i s  oreatea  favorable 
oondit ions f o r  an energe t io  meshanical weat.herlng from f r o d .  Several  
explorere have even noted t h a t  t hey  have of ten heard during the  daytime 
sounds t h a t  a r e  s imi la r  t o  a shot,  a s c u d  whiah acoompanies t h e  craoking 
of rocks. 

Chemical weathering playa a considerably l e s s e r  r o l e  i n  t h e  break- 
down of rooks i n  t h e  Changtang ar.l T r a n s h i ~ a l a y a  s ince  l ack  of moisture 
and low temperature impede the soh~*-~i.ior: of mater ia la*  The paucity of 
vegeta t ion i s  of l i t t l e  asaist=.ce. 50 cilr-mlc.tr.1 weathering, since pl'ante 
t h a t  l i b e r a t e  organic acids  which dissoive  mineral8 a re  r e l a t i v e l y  few. 

The wind i s  t h e  most ac t ive  agent o h a g i n g  t h e  eartiYg s "surf'ace i n  
the  i n t e r i o r  regions  of Tibet. I t  i c e s  FI tremendous amount of work i n  
the  t r anspor t ing  of dust ,  sand, Pine gram1 and pebblee; it c a r r i e s  theee 
products of mechanical [frost.) weathe::i;lg fron the  place they were f o m d  
and laye them down i n  other  places,  usug.lhy i n  depressions,  thus  evening 
out  t h e  t e r r a i n .  In t h e  s a ~ d s t o r ~ e  s ,  souglomerat~es , loose con t inen ta l  
OP s l l u v i a l  deposi ts ,  c h a r a c t s r i ~ t i a  of  the surlaoa s t r a t a  of Tibet ,  
wtnd e ros ion  leads  t o  the Eomatiou ::.I specia l  landi'oms. I n  some 
cases a s o l i d  armor of pebbles L& Po;.-med? elsewhere -- sand dunes, i n  
s t i l l  o the r  casesp  as  P r z h e ~ a L ~ s k - ~ y  say?:. .t?:8~8 1s every poss ible  form 
of strange-shaped h i l l s  w i t h  tcwers, f o r t r e o s e s ,  and conee. This i s  
t h e  r e s u l t  of eand and f i n e  g r . a ~ e l  Cslng blowr~ a t  g r e a t  speed and 
destroying and rounding o f f  protruding rccka and t h e  surface b'f the 
ea r th .  The sparse  vegeta t ion ccaez. of .';he i n t e r i o r  regions o'f Tibe% 
and the s o i l ,  d ry  and pcor ci- corcple~ely  luose due t o  a l a c k  of".moi~ture,  
impedes but l i t t l e  t h e  destrueti .ve a ~ t l v l t y  cf the  wind. 

S i g n i f i c a n t  changes i n  tire e a r t h ' s  ~ u r f a c e  i n  Tibet  a r e  caused by 
rodsnts t h a t  l i v e  i n  holes  a-ld h u ~ r o ~ 6 ,  ;E you take i n t o  considerat ion 
t h a t  i n  same a r i d  regicns  of Tibet  the urnbe:- of t h e i r  burrowss according 



t o  HedinDs observations, amounts t o  s e v e r a l  dozen per square meter and 
t.hat i n  t h e  course of many thousands of years  t h e i r  numerous progeny 
dug underground dwellings and passageways and the  wind o a r r i e d  away the 
sand a d  gravel which they excavated, then it i s  no t  d i f f i c u l t  t o  imagine 
the work accmplished by these  animals i n  t h e  t ransformat ion of the 
ear thq  s surface. 

aogenous forces  appear considerably weaker i n  t h e  cold  season of 
the  year. With a decrease i n  the  i n f l u x  of s o l a r  warmth and var ia t ions  
i n  temperature, the re  i s  a decrease i n  the  i n t e n s i t y  of mechanical 
( f r o s t )  weathering; the  small amount of water i n  t h e  r i v e r s  o r  t h e i r  
complete f reez ing  r e s u l t s  i n  a stopping of t h e  e r o s i o n a l  process ;  the  
frozen surface,  as i f  covered wi th  an i c y  armor, para lyzes  th'e erosional 
r o l e  of the  wind; even rodents  can n o t  ca r ry  on t h e i r  d e s t r u c t i v e  work, 

, . . . .  . ,  
the  more so s ince  some of them hibernate .  

, . # . " .  .... , 

Despite the  tremendous absolute  e l e v a t i o n  of t h e  ranges of t h e  
upland, modern g l a c i a t i o n  i n  Tibet  i s ,  i n  general ,  weakly and unevenly 
developed, I t  i s  s i g n i f i c a n t  only i n  the  Karakorum and i n  t h e  Himalaya. 
In t h e  i n t e r i o r  p a r t  of the highland and i n  t h e  Kunlun w i t h  t h e i r  sharp 
cont inenta l  cl imate,  modern g l a c i a t i o n  and e t e r n a l  snows a s  we l l  occupy 
but small areas. I n  the  highland g l a c i e r s  and e t e r n a l  snows a r e  d i s -  
t r i b u t e d  pr imari ly  i n  the h ighes t  mountain nodes s i t u a t e d  i n  p laces  
where ranges wi th  an east-west o r i e n t a t i o n  i n t e r s e c t  u p l i f t s  having a 
diagonal o r ien ta t ion .  

The development of g l a c i e r s  i e  d i r e c t l y  assoc ia ted  w i t h  t h e  develop- 
ment of a mantle of e t e r n a l  snows. The lower boundary of t h e  l a t t e r  
i n  the  boundaries of t h e  highland i s  s i t u a t e d  very  high, whereas on the  
slopes of t h e  ranges turned outward from t h e  highland it drops dowh 
eonslderably lower. Thus, whereas t h e  snow l i n e  on t h e  southern s lope 
of the  Nepal Himalaya i s  s i t u a t e d  a t  an e l e v a t i o n  of about 4,500 meters, 
on the  nor thern slope,  along t h e  Tibetan boundary, i t s  l o c a t i o n  r i s e s  t o  
ea e leva t ion  of 5,200-5,500 meters.  

In  the  Karakorum t h e  height  of t h e  snow boundary on t h e  southern 
slope i s  s i t u a t e d  a t  approximately 4,700 meters, and on the  nor the rn  
slope,  about 5,900 meters. I n  t h e  e a s t e r n  p a r t  of t h e  Karakorum, i n  the 
t e r r i t o r y  of Tibet ,  the  boundary of e t e r n a l  snows goes s t i l I  higher.  In  
t h e  Kunlun, according t o  da ta  furnished by G. Sobolevskiy, i n  t h e  region 
of t h e  sources of the  Khotan River, on the  nor thern s lope,  t h e  h e i g h t  of 
t h e  snow l i n e  i s  approximately 4,700 meters and on t h e  southern slope,  
turned toward Tibet ,  it i s  5,000-5,250 meters. ( T O  t h e  e a s t  i t s  el'eva- 
t i o n  increases  t o  5,000-5,800 meters, and t o  the west of t h e  souroes of 
the  Khotan River, f o r  example, i n  t h e  ranges  of t h e  Kunlun near  t h e  
P m i r s ,  N o  A. Belyayevskiy quotes a f i g u r e  f o r  t h e  nor thern s lope of 
4,700 meters and f o r  t h e  southern slope a f i g u r e  of 5,000-5,250 meters.) 
On the  peaks of t h e  i n t e r i o r  Tibetan ranges -- i n  t h e  Dupleix, Tanghla 



and other ranges, according t o  Sven Hedin's observations,  and according 
t o  tho88 made by Bonvalot and Przheval'ekiy, the lower boundary of t h e  
snows i s  s i t u a t e d  a t  an e leva t ion  of not l e s s  than 6,000 meters. Its 
e leva t ion  i s  a lao about 6,000 meters i n  t h e  Ladak Range. Only i n  the 
e a s t  does it drop down, and a t  the  aourcea of t h e  Hwang-ho it i s  s i t u a t e d  
a t  an e l e v a t i o n  of about 4,900 meters. 

Thus, t h e  di f ference i n  the  e leva t ion  of the  snowline on t h e  elopes 
of the ranges along t h e  Tibetan f r o n t i e r  t h a t  frame the  highland and on 
the  slopes faoing it amounts t o  several  hundred t o  a thouaand meters and 
more. I n  t h e  highland i t s e l f  the  lower boundary of the  e t e r n a l  snows i a  
s i t u a t e d  a t  t h e  highest  e levat ion.  

. - .* - 
The same p a t t e r n  i s  seen i n  t h e  development of g lac ie re .  Zn t h e  

ranges bounding t h e  highland one can see t h i c k  g l a c i a t i o n  i n  the ends of 
the  g l a c i e r s  which orop down ra the r  low, and on t h e  other  hand, the  
Tibetan ranges have few g l a c i e r s ,  and these  g l a c i e r s  terminate a t  a 
g r e a t  e levat ion.  

I n  t h e  Himalaya, blocking wi th  i t s  c r e s t s  an immense.quantity of 
moisture c a r r i e d  by t h e  Indian monsoons, t h e r e  a r e  numerous g l a c i e r s  
although t h e i r  l eng th  i s  not so g rea t .  Only i n  the  region of Dzhomo- 
lungma and Kanchendzhanga do they a t t a i n  19 kilometers (Rongbuk) and 
26 kilometers k emu and ~ a n ~ o t r i ) .  On the southern slope t h e  boundary 
of t h e  g l a c i e r s  i s  s i t u a t e d  a t  an e leva t ion  of 3,000-4,000 meters and i n  
the  nor th  -- about 5,000 meters. 

Very t h i c k  g l a c i a t i o n  occurs on t h e  southern slopes of t h e  Karakorum 
ranges t h a t  border Tibet  on the west. I t  i s  associa ted,  a s  i n  the  Pamire, 
with Mediterranean cyclones t h a t  br ing moisture here during the  period of 
November through April .  Here the re  a re  auch g i a n t  g l a c i e r s  as  Siaohen 
-- 72 ki lameters ,  Khispar -- 61, Biafo -- 60, Batura and Baltoro -- 
58 kilometers long. The ends of the  Karakorum g l a c i e r s  drop down on an 
average t o  t h e  3,050 meter l e v e l .  To the  e a s t  t h i s  boundary r i s e s  t o  
5,500-5,600 meters. 

I n  t h e  Kunlun the  area  of modern g l a c i a t i o n  i s  no t  a s  g rea t  a s  i n  
the  Krakorum; t h i s  mountain range does not receive  a l a rge  amount of 
p r e c i p i t a t i o n  e i t h e r  from the  nor th  or  from t h e  south. But here,  c h i e f l y  
i n  t h e  Western Karakorum, a re  t o  be found g l a c i e r s  wi th  a . length.  of more 
than 1 5  ki lometers  ( t h e  g l a c i e r  of the  Naa River -- 15 kilometers,  of the  
Chigmen River -- 16 ki lometers) .  The ends of t h e  g l a c i e r s  of t h e  Western 
Kunlun, according t o  d a t a  furnished by G. Sovolevskiy, l i e  a t  an average 
of 4,370 meters,  and f u r t h e r  t o  the  e a s t ,  c lose r  t o  Tibet ,  t h e i r  lower 
boundary, according t o  N. A.  Belyayevskiy, r i s e s  t o  5,000-5,150 meters. 



In  Tibet i t s e l f  t h e  l a r g e s t  modern g l a c i e r s  have developed on the 
massif of the Ulugmuztagh i n  the  Kunlun and i n  the  e a s t e r n  spurs  of the 
I(arakorum -- i n  both cases the  g l a c i e r s  drop down t o  e l e v a t i o n s  of 
5,500-5,600 meters. Glaciers  a l s o  e x i s t  on t h e  Tanchla Range i n  i t s  
segment en te r ing  i n t o  the  e a s t  Tibetan diagonal u p l i f t  where t h e  Yangtzs 
and Salween Rivers r i s e ,  I n  assoc ia t ion  wi th  an inarease  i n  t h e  amount 
of p rec ip i t a t ion  here, t h e  l i n e  of e t e r n a l  snows and t h e  l o c a t i o n  of the 
ends of g l a c i e r s  a l s o  drop down. ~ r z h e v a l ' k k i ~  w r i t e s  t h a t  g l a c i e r s  on 
the  Tanghla Range drop down t o  e leva t ions  of 5,200 meters on t h e  northern 
slope and t o  5,300-5,350 meters on t h e  aouthern s lope.  

A l l  t h a t  we have s a i d  leads  us t o  t h e  conclusion t h a t  a s  a r e s u l t  of 
the th inness  of i c e ,  caused by t h e  a r i d i t y  of t h e  c l imate ,  Tibetan 
g l a c i e r s  exercise  influence only on t h e  h ighes t  p a r t s  of t h e  h tghes t  
'mountains, Crehtlng eaah f  orma of glaXid2' T BIkeQ a s  sharp- c r e s - t r  anui 
oirques. A large  p a r t  of the  highland and i t s  p l a i n s  i n  p a r t i c u l a r ,  
despi te  the  vary g r e a t  absolute e l e v a t i o n  -- c lose  t o  5,000 meters,  
remeins untouched by g l a c i a l  ac t ion .  

In discuss ing modern re l ief - forming f a c t o r s ,  it should be noted that 
the  formation of t h e  geomorphological landscape i n  Tibet  t akes  place 
amidst a c o n f l i c t  between two con t rad ic to ry  tendencies .  The Tibetan 
border m ~ u n t a i n  regions --. t h e  Himalaya and t h e  Kunlun (on t h e  northwest), 
end a l so  t h e  oxtreme west of Tibet ,  a re  assoc ia ted  wi th  bas in8 of r ive rs  
t h a t  f low t o  t h e  ocean o r  t h a t  have a low base l e v e l ,  l i k e  t h e  north- 
western Kunlun whose r i v e r s  f low i n t o  Lake Lobnor. The f low t o  t h e  
ocean and the  low base l e v e l  i n  these  regions determines t h e  energet io  
pace of eros ion,  which during t h e  continuing u p l i f e  of t h e  highland has 
formed s t rong ly  d i s sec ted  mountain r e l i e f ,  t h a t  i s ,  a  r i s i n g  '%evelip- 
ment of r e l i e f  i s  taking plaoe. The i n t e r i o r  regions  of T ibe t  -- the  
Changtang and a l a rge  p a r t  of t h e  Transhimalaya -- have no outward flow 
f o  the  ocean and have l o c a l  base l e v e l s  t h a t  a r e  r e l a t i v e l y  high. Here 
the re  a re  no such favorable  condi t ions  f o r  eros ion,  t h e  more s o  s ince  
t h e  amout  of p r e c i p i t a t i o n  i s  low; t h e  products of t h e  d e s t r u c t i o n  of 
the  rocks a r e  no t  c a r r i e d  away but remain near t h e  place  where they are 
formed. Consequently, independent of t h e  f a o t  t h a t  the  highland i s  
r i s i n g ,  a lowering development of t h e  r e l i e f  i s  t a k i n g  place.  Regions 
without drainage t o  t h e  outs ide  do not  have such deep v a l l e y s  as  do 
regions wi th  drainage t o  t h e  sea. For t h e  Changtang and f o r  t h e  
Transhimalayap t o  a s i g n i f i c a n t  degree, weakly d i s s e c t e d  mountain ranges 
a re  c h a r a c t e r i s t i c ;  these  r i s e  bu t  l i t t l e  above t h e  h igh-up l i r t ed  plains.  

The tendency t o  a r i s i n g  type of r e l i e f  i s  now g e t t i n g  t h e  upper 
hand, s ince  i t s  sphere of a c t i o n  i s  being broadened due t o  t h e  confrac- 
t i o n  of a reas  wi th  a descending type of r e l i e f .  I n t e r i o r  drainage 
regions are  l i t t l e  by l i t t l e  being included i n  t h e  systems of r i v e r s  
t h a t  flow t o  t h e  ocean. This i s  seen i n  t h e  exbnple of t h e  S u t l e j  and 
the  Salween, a l ready penetra t ing i n t o  the  southeastern  p a r t  of t h e  



Changtang; it can a l e o  be observed t h a t  t h e  Hwang-ho and t h e  Yangtze 
are  d r iv ing  t h e i r  sources ever  f a r t h e r  t o  t h e  westward. As t h i s  happens 
the r i v e r e  w i l l  push ever f a r t h e r  i n t o  t h e  depths of the  highland and 
along i t s  borders will broaden the  zone which preeents the  appearanae of 
a s t rong ly  d i s sec ted  mountain country. The loose d e t r i t a l  mater ia l  
covering t h e  broad pla ine  w i l l  s t a r t  being c a r r i e d  away; the  fo rner  
intermontane t ec ton ic  va l l eys  t o  some degree w i l l  be reconst ructed;  new 
deep V-shaped v a l l e y s  w i l l  appear; t h e  dieeect ion of t h e  slopes w i l l  
increase  and i n  plaoes the  c r e s t s  w i l l  be eharpened. 

RELIEF 

Formerly t h e  Tibetan upland was represented as a gig-intib high 
u p l i f t e d  pedesta l ,  bounded on t h e  nor th  and south by tremendous ranges 
and i n  t u r n  d i s sec ted  by a s e r i e s  of long east-west ( o r  nor threet -  
southeast )  o r i en ted  mountain ranges, t h e  Kunlun, Karakorum, Transhimalaya, 
and Himalaya. Hedin dis t inguished up t o  30 main east-west ranges, i n  
l a rge  p a r t  p a r a l l e l  t o  one another.- 

Researchers i n  recen t  years have made s u b s t a n t i a l  cor rec t ions  ' t o  
these  concepts. V. M. Sini teyn considers t h a t  both i n  the  most ancient 
and most r ecen t  s t r u c t u r e s ,  besides t h e  basic east-west (northwest- 
southeast )  system of s t ructura lorographic  elements, Tibet  a l s o  has a 
sys ten wi th  a northeast-southwest o r ien ta t ion .  The combination of these  
two systems a l s o  charac te r izes  the  modern e t ruc tu re  of High Asia as a 
whole and Tibet  i n  p a r t i c u l a r .  This s t r u c t u r e  i s  made up of a great  
number of blocks of d i f f e r e n t  s i z e s  and shapes and intermixed t o  varying 
degrees. The most u p l i f t e d  of them a r e  expressed i n  t h e  landkcape by 
ranges and o t h e r s  i n  t h e  form of u p l i f t s  -- h i l l y  p la ins  occupying a 
l a rge  p a r t  of t h e  a r e a  of Tibet  i n  comparison wi th  t h e  a rea  occupied by 
pla ins .  But t h e  nor theastern  zones of d i s loca t ion ,  with r a r e  exceptions, 
were n o t  made up of independent s t r u c t u r a l  and orographic u n i t s ,  b-d  
c o n s t i t u t e  complcations i n  the  main east-west  (northwest-southeast> 
system ( s e e  the  sketch map of the t e c t o n i c  system of High ~ s i a )  .' f n  the  
l a t t e r ,  V. M. S in i t syn  d i s t ingu i shes  t h e  following l a rge  stru;ttkal- 
orographic elements: t h e  Great Himalaya, the  depression containing t h e  
head-waters of the  Indus, the  S u t l e j  end t h e  Tsangpo, the Trdshimalaya 
( ~ a n d i s ~ s h a n ) ,  the  depressed region of Northern Tibet  ly ing betweeh t h e  
Transhimalaya and t h e  Karakorum-Tanghla Range, t h e  depreesed region of 
Northern Tibet ,  s i t u a t e d  between the  Karakorm-Tanghla Ranges and t h e  
Kunlun, and t h e  Kunlun i t s e l f .  

Among t h e  s t ructura l -orographic  elements wi th  a northeast-southweet 
( i n t e r s e c t i n g )  d i r e c t i o n  t h e  most c l e a r l y  expressed a re  the  following: 



1. A zone of d ie looat ion i n  the Cen t ra l  Kunlun i n  t h e  segment 
betasen the  sources of the  Keriya-darlya and t h e  bend of t h e  Suloho 
River a t  Yuymynl taking on an independent s t r u o t u r a l  and orographic 
development. In  t h e  Northern and Centra l  Tibetan depress ions  it i s  
associated with t h e  appearance of diagonal r idges  f o m i n g  watersheds, 
and i n  the  Karakorum, with high mountain nodes. 

2 .  A diagonal zone i n  I n t e r i o r  Tibet ,  a l s o  having an a n t i o l i n a l  
character.  Within the  boundnries of t h e  depressed zone it appears i n  
the  form of a s e r i e s  of crosswise r i d g e s  which separa te  t h e  lake baains. 
Within the  boundaries of t h e  g r e a t  u p l i f t s  of t h e  Tanghla, trans hi ma la^^, 
and the  Great Himalaya, it appears in t h e  form of tremendous mountain 
nodes with peaks having an e leva t ion  up t o  7,000 meters and more. Thia 
u p l i f t  i s  one of the  p r i n c i p a l  watersheds of T ibe t  and se rves  as  a 
boundary between t h e  region of t h e  sources of t h e  Yangtze' River'  .md the 
basins of i n t e r i o r  drainage of Northern Tibet  and a l s o  t h e  watershed 
between t h e  Tsangpo River on t h e  one hand and t h e  S u t l e j  on t h e  btlier. 

Between the  diagonal u p l i f t s  of t h e  Centra l  Kunlun and I n t e r i o r  
Tibet are  enclosed broad expanses of p l a i n s  wi th  l akes  t h a t  a r e  'bounded 
by h i l l s ,  r idges  and s h o r t  ranges, these  c o n s t i t u t i n g  s t r u c t u i a l  oro- 
graphic u n i t s  of a l e s s e r  sca le .  

3. There i s  a l a rge  diagonal zone of d i s l o c a t i o n  i n  Eas te rn  Tibet 
t h a t  a o n s i s t s  of a s e r i e s  of ranges, r idges  and mountain outcrops with a 
ncrtheast-southwest o r i e n t a t i o n ;  t h e  l a r g e s t  of them i s  t h e '  Nyenchen- 
Tanghla. This zone separa tes  the  Tibetan highland from t h e  gently- '  
s loping t o  r o l l i n g  and s t rong ly  d i s sec ted  region of Kam w i t h  i t s  a lp ine  

. . 
Lar;dscapes, 

The enumerated diagonal zones of d i s l o c a t i o n  d iv ide  High Asia in to  
th ree  main regions:  the  westepn f lank,  embraoing t h e  headwaters of the 
Indus and t h e  Tarim, t h e  Tibetan highland, i n  t h e  most p a r t  an a r e a  of 
i n t e r n a l  drainage,  and t h e  e a s t e r n  Plank, including Ham and t h e  region of 
the  g r e a t  canyons. On t h e  f l a n k s  a system of northwestern-southeastern 
d i s loca t ions  p reva i l s ,  and these  determine the  o r i e n t a t i o n  of t h e  main 
r a g e s .  I n  Tibet., however, both systems of d i s l o c a t i o n s  -- t h e  northwest 
southeast, and t h e  northeast-southwest -- a r e  developed approximately the 
same, As a r e s u l t ,  the  s t r u c t u r a l  and orographic elements have more of 
a block than a l i n e a r  development. Thus, on t h e  f l a n k s  t h e r e  i s  a 
predominance of l i n e a r  forms of highland -- ranges, and i n  T ibe t  -- 
areas  of highland, high p la ins ,  i n  respec t  t o  which t h e  s h o r t  ranges 
s i t u a t e d  here a r e  only secondary elements. - 

Actually,  a l a rge  p a r t  of t h e  s u r f ~ c e  of T ibe t  i s  a p l a i n ,  e s p e c i a l l ~  
i t s  northern par t .  Fen-shen considers  t h a t  a l l  t h e  t e r r i t o r y  of the  
highland t o  t h e  west of a l i n e  from Lake Kukunor t o  Lake N e m  Tsho con- 
s t i t u t e s  a steppe p l a i n  -- "tan." "Tanw -- i n  Tibetan,  s i g n i f i e s  a 



l e v e l  p la in .  This i s  the  o r ig in  of the  name Changtang ( ~ o r t h e r n  Pla in)  
f o r  the  huge area  occupying the  northern p a r t  of Tibet proper and p a r t  
of the nor th  of the  e a s t e r n  ha l f  of t h e  highland. 

Observations by researchers  who have orobsed Tibet  i n  t h e  moat 
d i f f e r e n t  p a r t s  (from north t o  south and from west t o  e a s t )  h a w  a l s o  
confirmed t h i s .  A l l  t he  explorers  went a large  p a r t  of the way through 
p la ins  which f i r s t  extended i n  an east-west  d i r e c t i o n  and then take on 
the  form of intermontane basins.  

I n  t h e  western p a r t  of Tibet ,  i n  the  region of the  e a s t e r n  spurs,  
the  p l a i n s  a re  described by Deasy and Bower, who, beginning from Lake 
Aru, t r ave led  i n  an east-southeast  d i r e c t i o n  f o r  a period of severa l  
weeks through wide open v a l l e y s  with rounded h i l l s .  De Rhins -crossed 
g rea t  p l a i n s  t h a t  were 40-50 kilometera i n  width from nor th  t o  south as 
he descended t o  the  nor th  Tibetan pla teau frcnn t h e  Przhevall akiy Range. 
Somewhat t o  the  e a s t  of de Rhins, L i t t l e d a l e  made the  t r i p  from nor th  t o  
south by an almost p a r a l l e l  route.  He a l s o  t r ave led  through open pla ina  
with h i l l y  r e l i e f ;  a somewhat more dissected h i l l y  l o c a l i t y  was a i t u a t e d  
near t h e  Przheval lskiy  Range where volcanic rocks were i n  evidence. Bon- 
va lo t  crossed Tibet  along t h e  l i n e  from Lake Ayagkumkull t o  Lake Nam 
Tsho. His route  passed through the  pla teau- l ike  p la ins  t h a t  were some- 
what higher -- 5,000 meters -- and c u t  by mountain ranges t o  t h e  nor th  
of the  Dupleix Range, p la ins  t h a t  were somewhat lower -- up t o  4,380 
meters -- with chains of h i l l s  and lakes  t o  t h e  south of t h i s  range. 
F ina l ly ,  very l a r g e  p la ins  expanses wi th  gently-sloping h i l l s ' a n d  very 
l a rge  l akes  (Nam Tsho, Seling,  Bam Tsho, etc.)  extend t o  the  south-from 
the  Tanghla Range. 

The sur f  ace of t h e  Tibetan Pla teau i s  n o t  uniform everywhere. I t  i s  
h i l l y  i n  places  and t h e  h i l l s  form chains or  r idges .  Elsewhere it i s  
h i l l y  and gu l l i ed .  That i s  i t s  appearance, f o r  example, a t  the  western 
ex t remi t i es  of the  Dunbure and Kukushili Ranges where L i t t l e d a l e  and 
Bonvalot crossed it. a e r e  and t h e r e  t h e  p la ins  f o r  many tans  of k i lo -  
meters c o n s t i t u t e  an i d e a l l y  f l a t  surface -- these  are  t h e  bottoms of 
former lakes .  As a r u l e ,  everywhere on the  p la ins  one can enoounter 
numerous lakes ,  the  major i ty  of them s i t u a t e d  i n  r e l a t i v e l y  ahallow 
depressions with gen t le  slopes.  

One can observe some r e g u l a r i t y  i n  t h e  pos i t ion  of the  p l a i n s  areas  
i n  r e l a t i o n  t o  sea  l eve l .  I n  the  nor thern p a r t  of the  Tibetan plateau,  
approximately t o  t h e  nor th  of 340 N., t h e  p la ins  have been u p l i f t e d  t o  s 
g r e a t e r  aboslute  e leva t ion  than  i n  t h e  south. (TO the  nor th  of the  
Przheval ' skiy  Range the  e leva t ions  of the  intermontane val leys  of t h e  
Kunlun again drop down, having e leva t ions  of about 2,800 meters between 
the  Lower and t h e  Upper Astyn-Tagh.) Thus, the  e leva t ion '  of the  
Aksaychin depress ion i s  about 5,000 meters;  the  intermont.ane p la ins  i n  



the northern p a r t  of the  Karakorum ( i n  t h e  boundaries of T ibe t ) ,  
according t o  Deaayte data ,  i s  between 4,900-5,000 meters ;  v a l l e y s  
crossed by de Rhine ( t o  the  south  of t h e  P r ~ h e v a l ' s k i y  Range), a l s o  
about 5,000 meters (an average of 5,022 meters) .  Similar  e l9vat ione 
character ize  p la ins  e i tua ted  t o  t h e  nor th  of thd Dupleix Range. HOW- 
ever, i n  t h i e  same Karakorm but t o  t h e  south  of 33O N., t h e i r  eleva- 
t i o n  above sea l e v e l  drops down t o  4,250 meters,  t o  t h e  south  of the 
Dupleix Range -- t o  4,380 meters, and t o  t h e  south of t h e  Tanghla Range, 
-- t o  4,480 meters. 

In  addit ion,  on the  b a s i s  of a  comparison of t h e  average elovatione 
of the  western v d  eas te rn  lakes  of Tibet ,  a  study made by S.  Hedin, it 
becomes c l e a r  t h a t  the  average e l e v a t i o n  of t h e  p l a i n s  in ' thecwes te rn  
p a r t  of Tibet  i s  200 meters g r e a t e r  than t h e i r  average e l e v a t i o n  i n  the 
eas t .  

Pla ins  occupy a  l a rge  p a r t  of t h e  surface  of T ibe t  i n  respec t  t o  
area. However, the  Tibetan mountains and mountain systems c o n s t i t u t e  
such an important element i n  the  r e l i e f  t h a t  s p e c i a l  a t t e n t i o i i  should 
be devoted t o  them. I t  i s  a l l  t h e  more i n t e r e s t i n g  t h a t  i n  a  number of 
respects ,  f o r  example, i n  absolute  e l e v a t i o n  and ex ten t ,  they  have no 
equals i n  t h e  world. 

As a  r e s u l t  of the  a r i d i t y  of the  c l imate  and the  slowness o f '  
e ros ional  processes, t h e  b a s i c  elements i n  Tibetan orography are '  largely 
tec tonic ,  n o t  eros ional :  t e c t o n i c  mountain ranges and t e c t o n i c  intermon- 
tane val leys .  A l l  t he  elements of t h e  orography a r e  a l s o  extremely 
c lose ly  associa ted wi th  t h e  geological  s t r u c t u r e .  

E. M e  Murzayev, descr ibing t h e  r e l i e f  of Centra l  Asia,  w r i t e s  tha t  
i t s  r e l i e f  i s  n o t  only connected with t e c t o n i c s  b u t  a l s o  wi th  geological 
s t r u c t u r e  as a  whole and i s  o f ten  t h e i r  r e s u l t .  He c i t e s  i n  confirmation 
of h i s  opinion the  conclusions drawn by V. M e  S i n i t s y n  t o  t h e  e f f e c t  
t h a t  t h e  most important elements i n  t h e  r e l i e f  and a l p i n e  s t r u c t u r e  are 
d i r e c t l y  associa ted with one a n o t h e ~ :  a n t i c l i n a l  u p l i f t s  a r e  expreesed 
i n  the  r e l i e f  by mountain r idges  and s y n c l i n a l  arches  by t h e  intermon- 
tane va l l eys  and depreesions. The dependence between them f i n d s  expres- 
sion even i n  the  morphological f e a t u r e s  of the  i n d i v i d u a l  u n i t s .  Thus, 
f o r  example, t h e  a lp ine  u p l i f t s ,  no t  developed from f a u l t s ,  have the  
form of arches, b u t  t h e  u p l i f t s  bounded by p a i r s  of p a r a l l e l  f a u l t s  
have t h e  form of h o r s t s ;  u p l i f t s  of the  monoclinal s t r u c t u r e  type on the 
e a r t h ' s  surface a re  found here i n  the  form of monoclinal r idges .  

A s t i l l  deeper connection with s t r u c t u r e ,  i n  t h e  opinion of V. M e  

Sini tsyn,  i s  revealed by t h e  mountain systems a s  a  whole. Their  s i t e s  
and o r i e n t a t i o n  were predetermined exc lus ive ly  by geological  f a c t o r s  



and depend on the  d i s t r i b u t i o n  of t h e  p r inc ipa l  geotectonic regions -- 
"mobile" a reas  and s t a b l e  m a s s i f ~ ,  the  development of which took plaoe 
i n  the  course of many geological  perioda. 

The southern margin of the  Tibetan highland i s  formed by the  young 
Himalaya Mountains, u p l i f t e d  i n  the  a lpine  orogeneeis, representing as a  
whole an immenee a n t i c l i n e .  The p r inc ipa l  p a r t  of the a n t i c l i n e ,  a l s o  
embracing the  southern p a r t  of Tibet  and t h e  Karakorum, c ~ n a i a t s  of 
a l t e r n a t i n g  zones of pre-Cambrian rooks end g ran i tes  of d i f f e r e n t  age 
(coinciding f o r  t h e  most p a r t  with the  l ighlands  of the  Great Himalaya 
Range, t h e  Karakorum and i n  pa r t ,  t h e  Ladak and Pirpandzhal Ranges) 
and zone8 made up of the  most var ied Paleozoic end Mesozoic deposi ts  
from the  Cambrian and Cretaceous inclus ive .  

Lombard considers t h a t  the  Himalaya i e  a  s l i g h t l y  u p l i f t e d  p a r t  of 
the  Tibetan blook, a  fea tu re  of whose s t r u c t u r e  cons i s t s  i n  an asymmet- 
r i c a l  s t ruc tu re .  I t s  northern slope drops down gently,  b u t ' i t s  aouthern 
slope forms a  s l i g h t l y  u p l i f t e d  precipi tous  margin. The asymmetry, i n  
addi t ion,  i s  i n t e n s i f i e d  by eros ion of d i f f e r i n g  i n t e n s i t y  on slopes 
having d i f f e r e n t  exposure. On the  southern slope,  h e r e  s o l a r  inso la -  
t i o n  and the  amount of p r e c i p i t a t i o n  i s  s u b s t a n t i a l l y  g rea te r  than on 
the  nor thern slope,  the  processes of eros ion t r m s p i r e  more energet i -  
ca l ly .  

The Himalaya i s  the  highest  mountain range i n  Tibet ,  s ince ,  f i r s t l y ,  
it was u p l i f t e d  by t h e  l a s t  and most in tense  orogenic movements of the  
a lpine  cycle  and, secondlyo the  Himalaya i s  younger than the other  
mountain systems of Tibet  and t o  a  s t i l l  l a r g e r  degree has not been sub- 
jee ted t o  t h e  des t ruc t ive  a c t i o n  of exogenous forces .  

The Himalaya, evident ly ,  i s  s t i l l  continuing t o  r i s e  and t h e  pro- 
cesses associa ted wi th  t h i s  u p l i f t  o u t s t r i p  t h e  processes of destruc- 
t i o n .  Reseerchers i n  recen t  years  have es tab l i shed  t h a t  j u s t  a f t e r  t h e  
end of g l a c i a t i o n  it rose by 1,300-1,500 meters ( ~ o r e i g n  Asia [Zaru- 
bezhnaya Aziya]# 1956, page 206). 

The average e leva t ion  of t h e  Himalaya Range above sea  l e v e l  i s  
6,000-6,100 meters, I t  c o n s t i t u t e s  a  tremendous mountain a rc  of four  
p a r a l l e l  ranges t h a t  arch t o  t h e  southwest. The length  of the  Himalaya 
i s  2,400 ki lometers  and it has a  width of between 200-350 kilometers. 
P rov i s iona l ly  i t s  boundaries a r e  considered as follows: i n  t h e  m a t ,  
the  Indus canyon; on t h e  e a s t ,  the  Dikhang River ( t h e  name of the  
arahmaputra a t  t h e  place where it t u r n s  from an eastward flowing stre'em 
t o  a southward flowing stream). 



The Himalaya i s  d issected by deep r i v e r  v a l l e y s  and canyons i n t o  
four sect ions:  the  Assam Himalaya, t h e  Nepal Himalaya, t h e  Kmaong 
Himalaya, and the  Punjab Himalaya. The term Assam Himalaya i s  applied 
t o  the  sec to r  of the  Himalaya between t h e  t r ansverse  s e c t i o n  of the  
Brahmaputra va l l ey  on the  e a s t  and the  T i s t a  River on t h e  west. The 
length of t h i s  sector  i s  720 kilometers.  The p r i n c i p a l  peaks here 
a re ,  from e a s t  t o  west -- Namcha Barwa (7,756 meters) ,  Kulakangri 
(7,554 meters) and Chomolokhari (7,314 meters) .  The Nepal Himalaya 
extends f o r  810 kilometers from t h e  T i s t a  t o  t h e  Ka l i  River ;  they are 
the  highest  p a r t  of t h e  whole Himalaya system. In t h e  Nepal Himalaya 
i s  s i t u a t e d  the  world 's  h ighest  peak -- Dzhomolungma (8,882 meters;  
according t o  the  l a t e s t  data ,  8848 meters) .  Dzhomolungma c o n s i s t s  of 
th ree  peaks of which two r i s e  up neKt t o  one m o t h e r .  Besides Dzhomo- 
lungma, there  a re  a l so  other  8,000 meter g i a n t s  here  -- l iKe Kanchendz- 
hanga (8,585 meters) ,  Makalu (8,440 meters) ,  Annapurna (8,075 metera), 
Gozaintan (8,820 meters) ,  Dkhaulagiri (8,172 meters)  and Kutailg " 

(8,126 meters. 

The Kwnaong Himalaya, beginning a t  the  canyon of t h e  Kal i  River, 
i s  bounded on the  west by t h e  S u t l e j  val ley .  I ts  leng th  i s  about 
320 kilometers and i t s  h ighes t  peak i s  Nanda-Devi (7,816 meters) .  

The Punjab Himalaya extends f o r  550 ki lometers  between t h e  S u t l e j  
arid the  Indus; it i s  a l s o  c a l l e d  the  Pangi Range. Nanga Parbat  stands 
out here with an e leva t ion  of 8,216 meters. 

Among the  four  p r i n c i p a l  mountain ranges of t h e  Himalaya t h e  
3entra l  one i s  the  most prominent -- t h e  Great  Himalaya Range, smetimee 
c a l l e d  the Main Himalaya Range. This range i s  s t r i k i n g  i n  i t s  g r e a t  
dimensions, g rmdiose  form, d i s sec ted  na tu re  and i t s  deep canyons and 
val leys .  The Great Himalaya c o n s t i t u t e s  a chain  of ranges made up of 
g ran i t es ,  gneisses  and c r y s t a l l i n e  sha les  ( t h e  so-cal led  c r y s t a l l i n e  
ax i s ) ,  forming sharp r e l i e f  f ea tu res .  I n  t h e  h o l e  e x t e n t  of the  Great 
Himalaya g igan t ic  peaks tower up, 11 of them r i s i n g  t o  an e l e v a t i o n  of 
aore  than 8,000 meters. 

A c h a r a c t e r i s t i c  f ea tu re  of t h e  Great Himalaya Range is  t h e  presenoe 
of only one c r e s t  ( n o t  taking i n t o  account severa l  l a t e r a l  offshoots  from 
high massive peaks). Despite the  c o l l o s a l  he igh t ,  t h e  main range is  not 
a major water divide,  s ince  i n  the  Kumaong and Nepal Himalaya it i s  cut  
through by t h e  Indus, Su t le  j, Karnali,  Gandak, and Arun Rivers ,  which 
receive t r i b u t a r i e s  i n  the  Ladak Range. 

In  a number of places the  Great Himalaya Range has s i d e  branchings. 
This i s  observed i n  the Dkhaulagiri massif where t h e  L i t t l e  Himalaya 
branches off from the  main range t o  t h e  west. This range has  an average 
e leva t ion  of 3,500 meters and ind iv idua l  peaks go up t o  6,000 and even 
7,043 meters;  s ide  branches a l s o  reach o u t  from t h e  main range near  the 



canyon of the  Alaknanda River, t h e  canyon of t h e  S u t l e j ,  and the canyon 
of the  Karnali,  where the  Zaekar Range goes off  i n  a northwsstrratd di rec-  
t i o n  f o r  a d is tance of about 1,000 kilometers. A subs tan t i a l  p a r t  of t h e  
Z a s k ~ r  i s  s i t u a t e d  wi thin  the boundaries of Tibet  and t h e  Chinese- 
Indian f r o n t i e r  passes along it. The Zaakar Range has high individual  
peaks: X t .  Kamet, s i t u a t e d  on t h e  bsundary of Tibet  and India -- 
7,756 meters and M t .  S h i l l a  i n  the bas in  of t h e  S p i t i  River -- 7,026 
meters. I n  a number of places h o  o r  more mountain f o l d s  pass along t h e  
Z a s k ~ r .  The Kali River flowe southeastward through high intermontane 
valleys;  t h i s  r i v e r  r i s e e  i n  the  same range. To the  e a r t  of Dkhaulagiri 
the  b i f u r c a t i o n  of t h e  main Himalayan Range i s  no longer noted. 

The main range drops down t o  the  Indue-Ganges Lowland in '  the  form 
of two g r e a t  s t eps .  The f i r s t  3f these  is  the  f o o t h i l l  zone w i t h  an 
absolute  e l e v a t i o n  of 700-1,000 metere, r i s i n g  600-800 meters over t h e  
Indus-Ganges Lowland. The dissected margin of the  s tep,  turned toward 
the Indus-Ganges pla in ,  i s  oa l l ed  t h e  Siwalik Range i n  the weat and 
t h e  Dundwa and Chouriagati Ranges i n  t h e  e a s t .  

The second s t e p  has an e leva t ion  of 3, 500-4,500 meters. I t  a l s o  
cons i s t s  of severa l  individual  ranges. I n  t h e  west i t s  d i s sec ted  margin 
-.- a branching of t h e  main range -- i s  c a l l e d  the  Pirpandzhal Rsage; 
f u r t h e r  t o  t h e  e a s t  it takes on t h e  names Dauladnar, Nag-Tiba, L i t t l e  
Yinlalaya and then the  Makhabarat and Duari. The l a t t e r  two ranges do 

.no t  have a connection with t h e  aimalaya. 

Between t h e  second s t e p  and t h e  main range i s  s i t u a t e d  a high-lying 
!upland wi th  a width of 80-100 kilometers,  whioh i s  famed f o r  i t s  r'ioh 
va l l eys  and gen t le  cl imate.  A t  one time these  va l l eys  were t h e  beds of 
lakes. Of s p e c i a l  fame a re  the  Vale of Kashmir i n  India  and t h e  Katmandu 
Valley i n  Nepal. 

The main range towers over the  southern Himalaya Range a8 a g igen t io  
jagged s teep  b a r r i e r ,  i n  the  upper p a r t  oompletely oovered with year-  
round i c e  and snow. The southern rangee a r e  s t rong ly  disseoted and i n  
places a r e  c u t  through by deep canyons t b o u g h  which movement i r  d i f f i -  
c u l t .  Through t h e s e  canyons whi r l  stormy r i v e r s  and mountain ourrents ,  
roar ing end covered wi th  white foam. 

The s t rong d i s s e c t i o n  of the  southern slope of t h e  HFmRlaya is  
caused by an abundance of p r e o i p i t a t i o n  and the  e teep g rad ien t  of t h e  
r i v e r a ,  dropping down t o  the  Hindusten Lowland, h i o h  has en e leva t ion  
of 200 meters o r  l e s s  above sea  l e v e l .  

A t  the  f o o t  of the  southern ranges of t h e  Himalaya, reoeiving an 
ah-mdence of p r e c i p i t a t i o n  brought from t h e  Indian Ooean, grow t r o p i o a l  
f o r e s t s  -- jungles;  a s  you go up t h e  elopes of the  mountain0 they ohsnge 



i n t o  an evergreen f o r e s t  of magnolias and l a u r e l  wi th  a s c a t t e r i n g  of 
oak and chestnut,  and s t i l l  higher -- i n t o  a temperate c l imate  f o r e s t  
and, f i n a l l y ,  near the  zone of snowe, i n t o  a lp ine  meadowe. 

In  the  d i r e c t i o n  of the  Tsangpo River Valley t h e  Himalaya drops 
down i n  a s t ep  consis t ing of t h e  Ladak Range t o  t h e  west and several  
other r m g e s  on the e a s t  whioh make up t h e  Nepal-Tibetan watershed. 
(The Ladak Range i s  s i t u a t e d  between t h e  Indus River and t h e  Sheyok 
River, but i t s  orographic o r ien ta t ion  i s  maintained up t o  t h e  regions of 
Lakes Rakas and Manasarowar.) TO t h e  e a s t  of them t h e  Nepal-Tibetan 
watershed begins. Alone t h i s  watershed, f o r  a g r e a t  d i s t ance ,  passes 
the boundary between China and Nepal. The Nepal-Tibetan watershed i s  
separated from the  Great Himalaya Range by intermontane lowlands with 
a width of 80-120 kilometers.  Through these lowlands pass r i v e r s  such 
as the Pungchu which have t h e i r  sources on i t s  s lopes  and i n  t h e i r  
turbulent  race break through the  main range i n  the  south  through a 
eanyop, The Ladak (wi thin  the  boundaries of ~ i b e t )  and t h e  Nepal- 
Tibetan watershed are  l e s s  in tense ly  d i s sec ted  than the  s t e p  of the  
southern slope of t h e  Himalaya which drops down sharply  t o  t h e  head- 
waters of the  Indus, Su t le  j, and Tsangpo. Despite an e l e v a t i o n  substan- 
t i a l l y  l e s s  than t h a t  of the  main range, t h e  Nepal-Tibetan watershed 
serves as  the  main watershed range. The f a c t ,  wr i t es  Krishnan, t h a t  the 
main watershed i s  s i t u a t e d  behind t h e  l i n e  of t h e  h ighes t  peaks of the  
Himalaya, i s  usual ly  c i t e d  as  evidence of the  ex i s tence  of a r i v e r  system 
here before the  time t h a t  t h e  main phase of u p l i f t  of t h e  Himalaya moun- 
t a i r s  took place ,  

Many peaks of t h e  Ladak and the  Nepal-Tibetan watershed r i s e  up t o  
a g r e a t  e levat ion.  Besides the  Gurla-Mandhata massif a t  7,728 meters, 
the re  are  25 peaks higher than 6,000 msters. The he igh t  of t h e  passes 
exceeds 4,500 meters. (The e leva t ion  of t h e  Kharpo Pass i n ' t l i e  Ladak 
i s  5,116 meters, Burgi -- 4,784, Medosi -- 5,395, Boga -- 5,952, Aiy -- 
5,700 meters. The Nepal-Tibetan watershed i n  the  western  p a r t  [south 
of Lake Rakas] has two passes -- 5,212 and 5,547 meters. I n  i t s  
eas te rn  p a r t  t h e  height  of t h e  passes i s  Potu -- 4,596 meters,  Nola -- 
5,060, Sheru -- 5,365, Kura -- 5,456 meters.) 

Tha northern slopes of the  Hbnalaya a re  more g e n t l e  than  those  
facing toward India  and are  l e s s  d issected by t h e  v a l l e y s  of t h e  r i v e r  
courses. They adjoin  the  Tibetan Highland, i n  t h i s  p lace  having an 
absolute e leva t ion  of about 4,500 meters, and, the re fore ,  here  t h e r e  are 
no such immense di f ferences  i n  t h e  e leva t ions  of mountain peaks and the 
p la ins  surrounding them as there a re  on the southern s lope.  In  addi- 
t i o c ,  the  Tibetan climate i s  considerably d r i e r .  A l l  t h i s  lowers t h e  
i n t e n s i t y  of eros ional  a c t i v i t y  of t h e  r i v e r s .  The sur face  o f ' t h e  
northern slopes of t h e  Himalaya i n  many places  c o n s t i t u t e s  a rocky 



r o l i i n g  inc l ined  a rea  with a l t e r n a t i n g  steppes and rocky and Solonchak 
dese r t s .  On t h e  slope are  encountered concealed lake basins,  some- 
time dess icated.  

In  t h e  nor th  t h e  Himalaya Range i s  bounded by a graben, a large  
t ec ton ic  va l l ey  t h a t  i s  70-80 kilometers wide (between the  c r e s t s  of the  
Ladak and the  n ail as), serving as a j o i n t  source a rea  f o r  t h e  headwaters 
of the  Indus, S u t l e j  and Brahm~putra (here c a l l e d  the  ~ s a n ~ p o ) .  The 
va l l ey  s t r e t c h e s  out from west t o  e a s t  f o r  a d is tance of more than 
2,000 kilometers.  The e levat ion of i t s  f l o o r  drops from 5,000 meters i n  
the  region of t h e  Indus and Tsangpo watershed where the  area  i s  u p l i f t e d  
by d i s loca t ions  having a northeast-southwest o r ien ta t ion ,  t o  3,000 
meters a t  the  e a s t e r n  and western enda. 

The mountain region of the  Transhimalaya (Gandieyshan) i s  s i t u a t e d  
i n  t h e  l i m i t s  of 29 t o  33O N. and from 80 t o  96' E. I ts length i s  
1,600 ki lometers ;  i t s  width a t  the  broadest  ( c e n t r a l )  p a r t  i a  300 k i lo -  
a e t e r s .  The Transhimalaya serves  as  a watershed between the  Indian 
Ocean and Northern Tibet ,  an a rea  of i n t e r n a l  drainage. 

I n  t h i e  mountain system of complex Meeoeoic rocks t h e  pre-Cambrian 
base i s  almost completely covered. Here a re  developed s t r a t a  of ac id  
and bas ic  lavas ,  a l t e r n a t i n g  wi th  t h e  red cont inenta l  deposi ts  of €he 
Cretaceous and Paleozoic. 

The Transhimalaya i s  a fo lded mountain country, d is t inguished by 
i t s  massive features .  To the  south it i s  bounded by the  Kailas Range, 
and on t h e  nor th  by t h e  Aling-Kangri and the  Nyenchen-Tanghla. These 
mountain chains a r e  major ones i n  t h e i r  own r i g h t .  Secondary ranges 
are  s i t u a t e d  between them. Although the  outer  chains of the  Kailaa, 
Nyenchen Tanghla and t h e  Aling-Kangri a re  o l e a r l y  expressed i n  the  lend- 
scape -- they maintain an orographic i r r e g u l a r i t y  and a f ixed  or ienta-  
t i o ~  -- the  inner  regions of t h i s  mountainous country c o n s t i t u t e  a 
chaot ic  group of mountains which o f ten  do n o t  form continuous ranges and 
.which r i s e  without any order i n  t h e  form of s teep f o l d s  of weathered 
rock s t r a t a .  The f o l d s  of t h e  e a r t h ' s  c r u s t  here a re  warped, overturned 
and compressed as  i f  they were subjected t o  l a t e r a l  pressure not  only 
from t h e  nor th  but  a l s o  from t h e  west and eas t .  I n  many cases one can 
a l ready make out  ranges wi th  a northwest-southeast o r ien ta t ion .  

A l a rge  p a r t  of t h e  mountain country of the  Transhimalaya does no t  
have any e x t e r n a l  drainage. Lakes have been formed in t h e  broad i n t e r -  
montane bas ins  wi th  an average e leva t ion  of 4,500 meters. A p a r t  of the  
r i v e r s ,  flowing down from t h e  southern ranges, f low i n t o  t h e s e  i n t e r i o r  
l akes ;  o thers ,  however, breaking through t h e  mountains, flow toward t h e  
Indus and t h e  Brahmaputra. The r i v e r s  flowing from the  i n t e r i o r  and f r m  
the  nor thern ranges of t h e  Transhimalaya feed t h e i r  waters i n t o  the lakes.  



Despite the  g rea t  absolute e l e v a t i o n  of the  passes ( a n  average of 
about 5,000 meters -- t h e  Kinla Pass even reaches 5,885 meters) ,  the  
Transhimalaya i s  not very d i f f i c u l t  t o  cross .  ( s .  Hedin notes  t h a t  
watershed passes of t h e  f i r s t  order i n  t h e  Transhimalaya a re  a t  an 
e levat ion 590 meters g r e a t e r  than i n  t h e  Himalaya although i n  average 
e levat ion the  Transhimalaya i s  lower t h a n  t h e  ~ i m a l a y a .  ) 

The Kailas Range, made up of g ran i t es ,  begins in t h e  west a t  Lake 
Pangong with Mount Sadzhum which i s  6,101 meters i n  e leva t ion .  ( ~ a ~ d e n  
and Burrard assume t h a t  t h e  range, a f t e r  d isappear ing a t  Lake Pangong 
due t o  a l o c a l  t ec ton ic  downdrop, l a t e r  oontinues i n  a northwestward 
d i rec t ion  p a r a l l e l  t o  the  ~arakorum.)  Following t h e  arch of t h e  tectonio 
l l n e s  of the dimalaya, it extends t o  84O E. and reaches only a very 
small d is tance t o  the  e a s t  of t h i s  meridian. The width of t h i s  range i e  
about 35-10 kilometers,  the  he igh t  of t h e  c r e s t  approaches 6,000 meters. 
The Kailas i s  most h ighly  developed near  Lake Manasarowar where a closeby- 
packed group of peaks r i s e  up t o  a height  exceeding 6,000 meters.  Spurs 
branch off' and make contact  wi th  spurs  of t h e  Ladak Range. I n  general, 
i n  the  region of Lake Manasarowar, where t h e r e  i s  a diagonal zone of 
northeast-southwest d i s loca t ions  of t h e  Tibetan i n t e r i o r ,  a r e - s i t u a t e d  
the highest  po in t s  of the  Ladak, Zaskar and Kai las  Ranges -- Yts. Gurla 
Mandhata, Kamet and Kailas.  To the  e a s t  of t h i s  lake  t h e  nor the rn  . 
slopes of t h e  described range becomes g e n t l e r  and l e s s  d i s s e c t e d  than 
the southern slopes.  - , .  

Somewhat t o  t h e  e a s t  t h e  nor thern bank of t h e  Tsangpo i s  f r inged 
by a chain of o ther  ranges ins tead  of t h e  Kailas.  Approximately 85O Em, 
between t h i s  range and the s t r i n g  of mountains s i t u a t e d  f u r t h e r  t o  the  
north,  l i e  the  sources of the  Raga-Tsangpo River, which t h e n  flows f o r  
250 kilometers and jo ins  the  Tsangpo. I n  t h e  region of t h e  source8 of 
the  Raga-Tsangpo the re  a r e  peaks more than 6,000 meters h igh from which 
the  Nyenchen-Tanghla Range branches o f f  towards t h e  e a s t .  

The Nyenchen-Tanghla serves  as  the  watershed between the  Tsangpo, 
which eventual ly  dra ins  i n t o  the  Indian Ocean, and t h e  Tibetan b a s i n  of 
i n t e r i o r  drainage. This northern boundary range i s  t h e  e a s t e r n  p a r t  of 
t h e  Transhimalaya. I ts  p r i n c i p a l  f e a t u r e  i s  t h e  presence of two system0 
of d i s loca t ions  -- east-west (and northwest-southeast)  and nor theas t -  
southwest. These are  present  both i n  t h e  e a s t e r n  and the  western  p a r t s  
of the  range. The Nyenchen-Tanghla i s  a l s o  a tremendous range, const i -  
t u t i n g  an almost uninterrupted chain of snowy mountains wi th  high peaks 
from which g l a c i e r s  drop down t o  the  nor th  and t o  t h e  south.  The 
highest  of t h e  peaks i s  the craggy double-peaked M t .  Nyenchen-Tanghla 
( a l s o  c a l l e d  Charemaru or Dzhang-Nyenchen-Tanghla), whioh has s t e e p  
slopes. A t  t h e  same time, f o r  a l a rge  p a r t  of i t s  l e n g t h  t h e  range i s  
d is t inguished by a r e l a t i v e l y  low degree of d i s s e c t i o n  and by an even- 
ness of i t s  c r e s t .  



The e leva t ion  c h a r a o t e r i s t i c s  of the  range are  approximately the  
same as  i n  t h e  Kailas. I t  has nine peaks t h a t  range i n  e leva t ion  from 
6,000 t o  7,000 meters. M t .  Nyenohen-Tanghla, houever, r i e e s  t o  an 
e leva t ion  of 7,088 metera. Passes i n  the  Nyenchen-Tanghla have an e l e -  
vation of more than 5,000 meters. (The Kongbo-la Pass has an e levat ion 
of  5,151 meters,  the  Khalemba -- 5,243 meters and Goring Pass -- the 
high f i g u r e  of 5,969 meters.) 

The Aling-Kangri Range begins near t h e  meridian of 800 E. One 
hundred kilometers from t h i a  point  r i s e s  t h e  higheet po in t  i n  the  range 
-- M t .  Aling-Kangri, 7,315 meters high. The range extends i n  a south- 
e a s t e r l y  d i r e c t i o n  t o  86O E. and forms a range of snuwy mountains. 
Whereas In t h e  Kai las  the  southern slope i s  stkongly dissected by a 
network of r i v e r  va l l eys  and g u l l i e s ,  t h i e  i s  not t h e  case i n  the  Aling- 
ICangri. Due t o  the g rea t  a r i d i t y  of t h e  olimate, t h e  network of v a l l e y s  
and g u l l i e s  on i t s  elopes i s  considerably l e s s  developed, excluding the  
northwestern p a r t  of t h e  range. The passes are  high, f o r  example, 
Songchen (Ladung) Pass a t t a i n s  5,353 meters i n  e levat ion.  ' ' 

A t  86O E. (along the  western shore of Lake ~ a n ~ r a y u r n )  diagonal t o  
the o r i e n t a t i o n  of the Aling-Kangri, passes a r idge  belonging t o  the 
system of nor theas te rn  d i s loca t ions .  I t  i s  crowned by an extremely 
h igh  peak, Torgot ( ~ o r ~ o t - ~ a n ~ r i ) .  This i s  an i s o l a t e d  massif ,  towering 
over. t h e  surrounding area.  Five g l a c i e r s  a re  s e t  deeply i n t o ' i t a  e a s t e r n  
slope. 

To t h e  e a s t  of the  Torgot-Kangri, i n  place of the  Aling-Kangri, 
the re  can be observed ranges and massifs t h a t  f i r s t  have an east-west 
and l a t e r  have a northwestern o r ien ta t ion .  The lake region of the  
Transhimalaya i s  s i t u a t e d  here.  A t  t h e  southern t i p  of Lake Kyaring 
( ~ z h a r i n ~ )  a group of peaks, the  Gyak-Khama, r i s i n g  up t o  6,950 meters, 
stands out  sharply.  These a re  p a r a l l e l  t o  the  Torgot-Kangri massif  and 
on the  south they adjoin  the  Nyenchen-Tanghla. The Gyak-Khada a l s o  i s  
p a r t  of t h e  system of nor theastern  d i s loca t ions .  

The ranges of the  broad mountain region,  enclosed between the  north- 
e rn  and southern boundary ranges of t h e  Transhimalaya, r i s e  up t o  5,500- 
6,000 meters above s e a  l eve l .  Several of them have gent le  slopes and 
rounded shapes but  t h e  h ighes t  a re  s t rongly  dissected and crowned by 
e t e r n a l  snows. Among the  l a t t e r  a re  the  Lapchung, Kunchung, and Lunkar 
Ranges. The o r i e n t a t i o n  of many ranges i s  associa ted with the north- 
e a s t e r n  system of d is looat ions .  Interconnected, the  main east-west 
mountain ranges divide  the  e n t i r e  i n t e r i o r  region of the  Transhimalaya 
i n t o  a number of i s o l a t e d  sect ions  wi th  large  intermontane bas ins  918- 

vated 4,260 meters above s e a  l e v e l  i n  t h e  e a s t  and 4,980 meters i n  the  
west. The most depressed of these  bas ins  are  ocoupied by l a rge  and 
small lakee . 



To the  north of the  Transhimal~ya i s  s i t u a t e d  t h e  Karakorum noun- 
t a i n  system whose t o t a l  length exceeds 1,000 kilometers.  The major and 
highest  p a r t  of the  Karakorum i s  s i t u a t e d  t o  t h e  west of t h e  boundary of 
Tibet: i n  Tibet proper only t h e  low e a s t e r n  spurs  e n t e r  which a t  
approximately 8Z0 E. disappear beneath t h e  surface  of t h e  pla teau.  
k l y  a few of them, evident ly ,  appear again, f u r t h e r  t o  t h e  e a s t .  

Orographically t h e  Kunlun and t h e  K~rakorum a r e  separated by a 
val ley  s i t u a t e d  t o  the  nor th  of t h e  Buka-Mangna Range and a t  the  southern 
foot  of the  Dunbure Range (according t o  Khaun T i - t s i n ' ) .  The boundary 
between the  Karakorum and t h e  Transhimalaya passes through t h e  va l l ey  
bordering the  northern slope of the  Aling-Kangri Range. I n  t h i s  valley 
a re  d i s t r i b u t e d  Permian-Carboniferous ( t y p i c a l l y  ~arakorum)  sedimentary 
limestone rocks. (some researchers ,  f o r  example, V. M. S in i t syn ,  1955, 
consider the  Karakorum and t h e  Transhimalaya t o  be one mountain system. 
The Karakorum i s  i t s  western segment; wi th in  i t s  boundaries a r e  a l so  
~ i t u a t e d  the sources of t h e  Indus; and t h e  Transhimalaya i s  i t s  eas tern  
segment .-- opposite the  east-west  v a l l e y  of t h e  ~rahmaput ra . )  

The Karakorum i s  the  second highest  ( a f t e r  t h e  ~ i m a l a ~ a )  range on 
the globe. I t s  average e leva t ion  i s  about 6,000 meters. T o  t h e  west of 
the Tibetan boundary it has peaks t h a t  exceed 8,000 meters:  Chogari 
(~odwin-d us ten) -- 8,611 meters,  Hasherbrum -- 8,073, and Hidden -- 
8,068 meters. 

There are th ree  long i tud ina l  zones i n  t h e  Karakorum: the  southern 
one has a width of about 90 ki lometers  and i s  made up of gneiases  and 
g ran i tes ;  i t s  average width i s  50-60 kilometers,  made up of sedimentary 
and metamorphic rocks of Paleozoic and Mesozoic ages (dolomit ized lime- 
stones,  dark sha les  and sandstones predominate); t h e  nor thern zone i s  
about 60 kilometers i n  width and i s  made up of c r y s t a l l i n e  s h a l e s  and 
Jurass ic  limestones. 

In the  western pa r t ,  outs ide  t h e  t e r r i t o r y  of Tibet  proper,  t h e  
:;~rakorum has t h e  appearance of a grandiose mountain system w i t h  tremen- 
dous craggy peaks, crowned by e t e r n a l  snows and i c e .  They a re  combined 
with extremely deep va l l eys  and narrow canyons t h a t  a r e  e s p e c i a l l y  
nmerous  on t h e  northern slope and a l s o  wi th  t a l u s  (Karakorum means 
"Black ta lus .")  The rocky c l i f f s  a r e  a dese r t .  This i s  a country of 
g l a c i e r s ,  these  being e s p e c i a l l y  developed on t h e  southern slope.  ( ~ h e s e  
are  the  e a r l i e r  mentioned g l a c i e r s ,  Siachen, Hhispar, Batura and others.) 
The mountain massi fs  and c l i f f s  o f ten  r i s e  up i n  t h e  form of tremendous 
e x t r a o r d i n a r i l y  s ingu la r  and picturesque obel isks  and towers. The 
southern slope of the  Western Karakorum drops o f f  shnrply  t o  t h e  Indus. 
The northern slopes,  turned toward t h e  Rasken-Dar'ye and the  Karakash, 
separat ing the  Karakorum from the  Kunlun, have s o f t e r  contour6. The 
passes in  the  Karakorum are  d i f f i c u l t  and are  loca ted  a t  a very  g r e a t  



e l e v a t i o n .  For example, t h e  most famous, t h e  Karakorum Pass, f r m  
Sin '  t s zyan  i n t o  Kashmir, i s  s i t u a t e d  a t  an e l e v a t i o n  of 5,575 metere, 
t h e  Changlung Pass -- 5,764 meters  and t h e  Muztagh Pass -- 5,860 meters. 

I n  t he  e a s t e r n ,  Tibetan,  p a r t  of t h e  Ksrakorum, t h e r e  no longer  a r e  
any 8,000 meter  peaks. But, neve r the l e s s ,  i nd iv idua l  peaks r i s i n g  i n  
p o i n t s  where eas t -wes t  (nor thwest -southeas t )  and northeast-southwest  
d i s l o c a t i o n s  i n t e r s e c t  a r e  ve ry  high:  t h e  h e i g h t  of t h e  peak s tanding  
a t  t he  southwestern shore of Lake Arport  i s  6,443 meters  high,  Lharf 
Peak i s  6,407 meters .  A g r e a t  number of  l & e s  a r e  s c a t t e r e d  among t h e  
eas t -wes t  ranges  t h a t  d i s p e r s e  t o  t h e  e a s t  and eoutheas t  and which a r e  
i n t e r s e c t e d  by h e i g h t s  which have a nor theas t -southwest  o r i e n t a t i o n .  
Seve ra l  of them, Lakes Charol,  Pangong, Lig ten;  Khuping, -and o t h e r s ,  
have complicated shore l i n e s  s i n c e  t h e y  a r e  narrow end long, l i k e  f i o r d s ,  
and extend embayments i n t o  t h e  mountains through v a l l e y s  and ravinee .  

I C  
The f u r t h e r  you go t o  t h e  e a s t ,  t h e  lower t h e  ranges of t h e  Kara- 

korum become and t h e  l e s s  t h e y  s tand  o u t  amidst t h e  surrounding a rea .  
F l a t  o r  h i l l y  p l a i n s  now predominate i n  t h e  r e l i e f ,  ad jo ined  on t h e  
no r th ,  south ,  e a s t  and west  by s h o r t ,  low r i d g e s .  However, among t h e  
ranges of vary ing  o r i e n t a t i o n  i n  t he  Eas t e rn  Karakorum can be poin ted  
ou t  s e v e r a l  main mountain ranges  w i t h  a  nor thwest -southeas t  o r i e n t a t i o n :  
t h e  most no r the rn  i s  t h e  Muztagh-Karakorum ( t h e  Tibe tan  Karakorum), 
f u r t h e r  sou th  -- t h e  Changchenmo, and s t i l l  f u r t h e r  t o  t h e  south  -- 
t h e  Pangong Range. 

The p ro longa t ions  of t h e  Muztagh-Karekorum and t h e  Chmgchenmo 
a r e  n o t  c l e a r l y  expressed  t o  t h e  e a s t  o f  82O E.; t hey  a r e  broken and 
have l a r g e  -ranges w i t h  a  northeast-southwest  o r i e n t a t i o n  t h a t  meet them 
a t  r i g h t  angles .  I t  i s  e a s i e r  t o  f o l l o w  t h e  pro longat ion  of t h e  Pangong 
Range. I t  f i r s t  drops  below and t h e n  again  cl imbs above t h e  l i n e  o f  
e t e r n a l  snows up t o  88O E. where it d i e s  ou t  a  l i t t l e  t o  t h e  n o r t h  of  
32' N u  i n  t h e  Lharikopo-Melong mnss i f ,  which has  an e l e v a t i o n  'of 6,300 
meters .  

TO t h e  sou th  o f  t h e  Pangong Range and i t s  e a s t e r n  pro longat ion  
(between it and t h e  ~ l i q - ~ a n ~ r i )  a  l a r g e  p l a t eau - l ike  upland p l a i n  i s  
s i t u a t e d  a t  about  4,500 meters  above s e a  l e v e l ,  occupying t h e  t e r r i t o r y  
between t h e  Karakorum and t h e  Transhimalaya. I t s  expanse of  s teppe  
i s  sometimes i n t e r s e c t e d  by low t r a n s v e r s e  ranges and i n  t h e  g e n t l y  
s lop ing  dep res s ions  a r e  s i t u a t e d  f lat-bottomed l a k e s  t h a t  have no outward 
drainage.  

To t h e  n o r t h  o f  t h e  e a s t e r n  p ro loga t ion  of  t h e  Pmgong Range extends  
t h e  broad  Buka-Mangna Range which i s  p a r a l l e l  t o  it. Wuan T i - t s in '  

assumes t h a t  t h i s  i s  a c o n t i n u a t i o n  of one of t h e  ranges of t h e  Karakorum. 
I t  c o n s i s t s  of  c r y s t a l l i n e  metamorphic rocks ,  o r i g i n a t i n g  i n  t h e  



Hercynian phase of folding.  I n  t h e  west t h e  Buka-Mangna extends 
approximately along the  p a r a l l e l  of 35' N o  The h ighes t  p a r t  of the range 
i n  t h i s  sec t ion  i s  s i t u a t e d  i n  t h e  l i m i t s  of 84-07' E. Further  t o  the 
e a s t  it drops down sharply and changes o r i e n t a t i o n  t o  t h e  southeast .  
Betmen 88-go0 it again climbs sharply and ev iden t ly  passes  i n t o  a 
ra the r  i s o l a t e d  sec to r  of the  range c a l l e d  t h e  Dupleix Mountains, 
a t t a i n i n g o  so Bonvalot surmises, an immense e l e v a t i o n  -- up t o  8,000 
meters above sea  level .  The pass of the  same name through these  moun- 
t a i n s  i s  s i t u a t e d  a t  an e leva t ion  of 5,462 meters. The e a s t e r n  end of 
the range i s  s i t u a t e d  a t  92O E. where it i s  bounded by t h e  headwater 
streams of t h e  Yangtze: t h e  Drechu River on t h e  south  and the  Ulan- 
Mdrenem on the  north.  However, one should consider  i t s  e a s t e r n  pro- 
longation t o  be the  w ~ t e r s h e d  between t h e  Mekong and the  Yangtze (as  
Khuan Ti - t s in '  proposes).  

To the  south of the  Buka-Mangna Range i s  loca ted  a v a l l e y  whose 
f l o o r  has an average e l e v a t i o n  of 5,022 meters which de Rhins  ca ' l l s  the 
Valley of the  Twin Lakes. To t h e  south  of it t h e  exp lore r  crossed three 
p a r a l l e l  mountain ranges of i d e n t i c a l  height.  He considers  them t o  be 
spurs of the  Tanghla Range, being, i n  the  opinion of Khuan T i - t s i n l ,  
an e a s t e r n  cont inuat ion of t h e  Muztagh-Karakorum. 

As N o  M. P rzheva l f sk iy  w r i t e s ,  the  Tanghla c o n s t i t u t e s  a broad 
plateau,  poss ibly  one of t h e  highest  i n  Tibet ,  and it has ve ry  gent ly  
slopping grades. ( ~ r o m  the  nor th  t h e  length  of t h e  s lope i s  130 k i lo -  
meters and from t h e  south, about 80 ki lometers .  The f a l l o f f  per k i l o -  
meter t o  t h e  nor th  i s  f i v e  meters and t o  t h e  south, 8 meters.)  The 
Tanghla Range extends along the  plateau.  I t  has ind iv idua l  dome-shaped 
peaks t h a t  are  e t e r n a l l y  snowcapped. Judging from t h e  desc r ip t ion 'by  
Przhevallskiy,  the  Tanghla has the  appearance of an arched u p l i f t .  I t s  
s t r u c t u r e ,  i n  our opinion, i s  t h e  r e s u l t  of t h e  appearance of neotec- 
tonics  on the  upland, forming a broad and gen t ly  slopping a n t i c l i n e .  
V. M. Sin i t syn  considers  t h a t  gen t le  d i s l o c a t i o n s  a r e  genera l ly  charac- 
t e r i s t i c  of the  c e n t r a l  massif of Tibet  ( t h e  changtang). "Fragmentary 
data ,"  he wri tes ,  "give evidence of t h e  broad development i n  it ( t h e  
c e n t r a l  massif of t h e  Changtang -- B. Yu.) of gen t ly  s lopping and not  
everywhere d i s loca ted  depos i t s  from t h e  upper Paleozoic,  t h e  J u r a s s i c ,  
Cretaceous and T e r t i a r y  systems". (v. M. S in i t syn ,  "Pr inc ipa l  Features 
of t h e  Tectonics of China." I n  the  work Problems i n  t h e  Geology of 
Asia.) - 

The name Tanghla, according t o  Przheval lskiy ,  can be app l ied  t o  the 
e n t i r e  p la teau on which a re  s c a t t e r e d  ind iv idua l  groups of mountains that 
a re  topped by e t e r n a l  snows. The h ighes t  peak -- Basudan-ula, i s  6,096 
meters high. A h i l l y  a rea  i s  s i t u a t e d  between t h e  mountains. I n  general, 
however, t h e  Tanghla Pla teau c o n s t i t u t e s  a r o l l i n g  sur f  ace. 



The Tanghla Pass through the  range and pla teau is  e a s i l y  passeble 
and has an e l e v a t i o n  of 4,993 meters. The e leva t ion  of m o t h e r  pass -- 
Nvyakmarpo -- i s  4,950 meters. Above the pass, both t o  the  r i g h t  and t o  
the l e f t ,  r i s e  mountains covered wfth g lac ie r s .  They have l o c a l  r e l i e f  
of 700-1,000 meters, t h e  g l a c i e r s  f low down from them t o  t h e  saddle of 
the pass. Over the  va l l eys  of the  Mur-Usu and San-Chu Rivers,  flowing 
from the n o r t h  and from t h e  south from the  p la teau  surface ,  the  passes 
r i s e ,  r e spec t ive ly ,  610 and 640 meters i n  a l l .  The peaks, white with 
e t e r n a l  snows, do no t  s t r e t c h  out  i n  a continuous l i n e  but r i s e  up as  
i s l ands  on a general  background of mountains. There a re  very few c l i f f s  
on the  range bu t  t a l u s  of clayey shale  i s  prevalent .  

The e a s t e r n  p a r t  of t h e  Tanghla serves a s  the  watershed between the 
Indian and t h e  P a c i f i c  Oceans. On the  nor thern  slope severa l  sources of 
the  Yangtze r i s e ,  and on the  south -- severa l  sources of t h e  Salween. 
I n  addi t ion,  i n  the  place where the  Tanghla passes i n t o  the  Dalai-Lama 
Range, branches of t h e  Mekong River f low from i t s  northern slope.  

To t h e  south  of t h e  Tanghla, between it and t h e  Transhimalaya, is  a 
broad h i l l y  p la in .  I t s  e a s t e r n  p a r t  i s  occupied by the  bas in  of the  
headwaters of t h e  Salween. A la rge  p a r t  of the  streams and r i v e r s  t h a t  
form t h e  Salween r i s e  on t h e  southern s lopes  of the  Tanghla, and con- 
s ide rab ly  fewer, on the  nor thern  slopes of t h e  Nyenchen-Tanghla, The 
western p a r t  of the  p l a i n  i s  p a r t  of the  bas in  of i n t e r i o r  drainage and 
i s  dra ined by t h e  Dzichu-Tsangpo, which feeds  i t s  waters l n t o  Lake 
Seling.  The sources  of t h i s  r i v e r ,  a l s o  r i s i n g  on the  south slope of 
the  Tanghla, a r e  d i s t ingu i shed  from t h e  sources of t h e  Salween by 
gen t ly  slopping watersheds and small mountain massifs .  Further south, 
how eve^, t h e  watershed beaomes sca rce ly  not iceable  and it i s  formed by a 
f l a t  p l a i n  wi th  a number of l a rge  lakes.  The p l a i n  i n  the e a s t e r n  p a r t  
has the  appearance of a p la teau  with low domelike h i l l s ,  l o c a l l y  drawn 
out  l i k e  small  ranges;  i n  the  depressions between them the re  a r e  broad 

,hummocky swamps. 

The Kunlun i s  t h e  l o f t y  u p l i f t e d  nor thern  edge of t h e  Tibetan upland. 
This i s  the l a r g e s t  mountain system of Asia, extending f o r  approximately 
2,500 ki lometers  between 77 and 105O E. The northwestern wing of the  
Kunlun, f a c i n g  t h e  Tarim Depression and, i n  p a r t ,  t he  Tsaidam, has an 
east-west o r i e n t a t i o n ;  t h e  southern wing, however, extending from the  
headwaters of t h e  Hwang-ho t o  t h e  bend i n  the  Yangtze, has a north-south 
o r i en ta t ion .  

The width of t h e  Kunlun v a r i e s  from 150 kilometers and l e s s  i n  the  
west t o  300 ki lometers  i n  the  e a s t .  The average e leva t ion  of i t s  c r e s t  
i s  6,000 meters. Many peaks r i s e  t o  6,700 meters, and individual  
massifs  soar  t o  7,000 meters and more, f o r  example, the  Muztagh massif 



i s  7,282 meters; the  h ighes t  po in t ,  however, i s  t h e  pyramidal peak 
Ulug-Muztagh ( i n  the  Przheval ' skiy  ~ a n g e )  -- 7,723 meters. The height 
of the passes i s  up t o  5,500 meters.  

The Kunlun arose i n  the  e a r l y  Variscian o r  B r e t o n i m  subcycle of the 
VRriscian orogeny. The ancient  Variscian s t r u c t u r e s  were then uplifted, 
completely transformed, and took on t h e  morphology of t y p i c a l  alpine 
s t ruc tu res  (Khuan T i - t s i n g  , 1952, page 11). Outflows of l ava  and vol- 
canic eruptions took place a t  t h e  time of these  t ransformat ions .  
Speaking of the  t ec ton ic  c h a r a c t e r i s t i c s  of the  K ~ l u n ,  V. M. Sinitsyn 
c a l l s  our a t t e n t i o n  t o  the f a c t  t h a t  here  a re  c l e a r l y  expressed two 
sys tem of deep regional f a u l t s ,  r e f l e c t i n g  t h e  genera l  block structures 
of the ea r th ' s  c r u s t .  This northwestern system appears, i n  pa r t i cu la r ,  
i n  the o r ien ta t ion  of the ranges i n  t h e  Western Kunlun and a northeastern 
system i n  t h e  middle Kunlun. Their i n t e r s e c t i o n s  have t h e  character  of 
terminal connections, and no t  arched f o l d s  a s  was e a r l i e r  assumed. These 
junctions occur i n  t h e  high mountain pla teau of Aksaychin ( t o  t h e  south 
o f   hota an) and a t  the  sources of the  Yurun-Kash River. 

Like the Himalaya, t h e  Kunlun i s  continuing t o  r i s e  and i n  post- 
g l a c i a l  time, c h i e f l y  i n  t h e  Holocene, it rose  1,300-1,500 meters. 

The most northern p a r t  of t h e  Kunlun ( t h e  ~ e k e l i k t a g h )  i s  made up 
of metamorphosed shales  and sandstones of t h e  Proterozoic ,  exposed from 
beneath slopping d i s loca ted  s t r a t a  of t h e  upper Paleozoic.  I n  the  
ranges s i t u a t e d  next t o  t h e  south ( t h e  Ki l ianskiy ,  Russkiy, and Marco 
Palo R a q e s )  the re  i s  found a geosynclinal  sandy-slate s t ra tum mostly of 
the S i l u r i a n  age. The middle ranges of the  Kunlun ( ~ u z t a g h  Karangu-tagh 
&me-Machin, Batang) a re  made up of geneisses  and c r y s t a l l i n e  s l a t e s  but 
the  southern ranges (Raskemskiy, Kavak-tagh ~ u k u s h i l i )  c o n s t i t u t e  an 
immense geosynclinal  prism formed by th ick ,  oomplexly warped lower- 
Paleozoic sandy-shale deposi ts .  Great f a u l t s  whioh oan be followed fo r  
b rea t  d is tances  serve as the  boundaries f o r  t h e  ranges mentioned. 

The Kunlun i s  d ivided i n t o  the Western, Centra l  and Eas te rn  Kunlun. 
The Western and t h e  Centra l  a re  connected toge ther  by t h e  Przheval 'skiy 
Range ( Arkatagh) . The north-south ranges, pass ing i n t o  Yunnan, a re  called 
the Sino-Tibetan mountains and a re  considered t h e  Eas te rn  Karakorum. 

K O  I. Bogdanovich, studying the  Yestern Kunlun, makes note  of i t s  
eKtrsme d i s sec t ion  and the  imposs ib i l i ty ,  of tent imes,  of determining the 
o r i e n t a t i o n  of the  orographic f e a t u r e s  s ince  t h e  mountains i n  some parts  
are formed by groups of peaks and mountains whose in te rconnec t ion  i s  
d i f f i c u l t  t o  de tec t .  I n  many places  t h e  'fiestern Kunlun breaks down into 
individual  segments which extend i n  the  form of two o r  t h r e e  t h i c k  fold8 
cf 60-90 kilometers i n  width and forming wi ld  mountain u p l i f t s  of d i f f i -  
c u l t  access a t  the points where they come together .  



I n  the Centra l  and the  Eastern Kunlun p a r a l l e l  chains are  observed 
t h a t  a r e  wel l -e~preS8ed i n  the  r e l i e f .  They can be t raced c l e a r l y  
beginning wi th  the  Russkiy (Russian) Range. "The pnr t  of the  Kunlun i n  
which my research was oncentrated" wrote K. I. Bo,;danovich "was desig- 
nated by t h e  genera l  name the Russkiy Range; with ext raordinary  a?tness .  
..it was c a l l e d  by the  na t ives  by thegeneral  name Akkar-chekyl-tagh t h a t  
i s ,  the  range of the  white snows.' This nsne accurate ly  descr ibes  the  
character  of the  range;  i n  t h e  narrowest place along the  meridian t h i a  
range c o n s t i t u t e s  only a s e r i e s  of sharp c r e s t s  t h a t  r i s e  from 13  t o  24 
thousand f e e t  (from 3,960 t o  7,316 meters)  betareen which tu rbu len t  
mountain streams flow... The s t r a i g h t n e s s  of the o r i e n t a t i o n  of t h e  
ranges, t h e i r  i s o l a t i o n ,  and t h e  predominance of long i tud ina l  v a l l e y s  
t h a t  a r e  joined by wi ld  transverse canyons dis t inguish8 the  Ruaskiy 
Range from t h e  p a r t  of t h e  mountains, f o r  example, t o  the w6st of Polu 
( t h e  Keriyskiy ~ a n ~ e )  and i n  the  Tiznab basin." ('norks of the Tibetan 
Expedition, St .  Petersburg,  1889-1890, p a r t  2, page 26 and following.) 

Besides t h e  f e a t u r e s  indicated,  the  Kunlun Mountains a re  charac- 
t e r i z e d  by an echelon arrangement of t h e i r  ranges, something a l s o  noted 
by K .  I. Bogdanovich. 

N o  A. Belyayevskiy bel ieves  t h a t  i n  the  Kunlun the re  a re  outer  and 
inner ranges i n  r e l a t i o n  t o  the  Tarim Depression. The southern, or 
inner ranges a r e  separated from the  outer  by long i tud ina l  depressions,  
one fol lowing t h e  other ,  i n  t e c t o n i c  respects  represent ing t y p i c a l  syn- 
c l ines .  

The range of ou te r  mountains ends i n  the  high Tekeliktagh Range. 
The southern ranges,  framing the  Teaidam from the  south, a r e  t h e  main 
segments of t h e  Centra l  Kunlun -- the  Bokalyktagh ( ~ a r c o  Polo ~ a n g e ) ,  
the  Kolwnba, Tolay, Kukushili,  Burkhan-Budda and Moscow (Moskovskiy, 
Achikkol ) Ranges. 

The nor thern  s lopes  of t h e  Kunlun, fac ing t h e  Tarim Depression, a re  
s teeper  and longer,  e s p e c i a l l y  i n  the  western p a r t ,  than a re  the  southern 
s lopes  of t h e  i n t e r i o r  ranges which j o i n  the  high Tibetan upland. The 
nor thern  s lopes  a r e  framed by low s t e r i l e  spurs furrowed by deep r i v e r  
va l l eys  and t h e  dry  channels of i n t e r m i t t e n t  streams. For a d i s t ance  of 
65-70 ki lometers  a d e s e r t l i k e  slope drops o f f  from these  spurs t o  the  
Takla-idakan. This slope i s  of gravel  and pebbles, l o c a l l y  mantled by 
depos i t s  of waterborne sand. I t  has been channeled by deep and narrow 
washes through which flow small  streams t h a t  dry up i n  t h e  summer. Areas 

of t h i s  type a r e  c a l l e d  "sayff by the  l o c a l  inhab i t an t s .  (They a l s o  use 
the same work t o  r e f e r  t o  i n t e r m i t t e n t  streams.) The p l a i n  of t h e  Takla- 

idakan Desert  approaches t h e  s lope a t  an e leva t ion  of about 1,350 meters. 



The character  of t h e  northern slope i n  t h e  western p a r t  of the  
Kunlun has been adequately described by M. V. Pevtsov near  77O E. 
The northern o u t l i e r s  of t h e  range, acoording t o  PeV%sov, have a north- 
west-southeast o r i e n t a t i o n  and a r e  d i s t ingu i shed  by an unusually intonee 
dissection,  sharpne s s  of o r e s t s  and an ex t raord inary  s teepness  of elope, 
Everywhere they are c u t  up by a l abyr in th  of narrow, winding, cmplexly 
branching val leys  and gloomy canyons. The s lopes  of t h e  v a l l e y s  and 
canyons are  almost perpendicular and t h e  g rad ien t s  of t h e  streams have 
a very s teep f a l l .  As a r e s u l t ,  a f t e r  each heavy r a i n  i n  t h e  mountain,, 
turbulent  streams rush downward from t h e  mountains wi th  a deafening 
roar. Springs are  few i n  number and y i e l d  l i t t l e  water and the re  are 
no perennial  r i v e r s ,  desp i t e  a r e l a t i v e l y  g r e a t  q u a n t i t y  of precipi ta-  
t ion,  since the  waters flow off very r a p i d l y  onto the  adjoining northern 
pla in ,  However, they disappear on the  way i n t o  t h e  l o e s s - l i k e  deposita 
sn the lower s t r e t c h e s  of mountain va l l eys  and again appear i n  the  form 
of small perennial  spr ings  on t h e  pla in .  The g r e a t  s t eepness  of the 
passes, the  heavy d i s sec t ion  of the  mountains, t h e  g r e a t  volumes of 
t a l u s  and the tu rbu len t  r i v e r s  make t h e  Kunlun here  an a r e a  through 
which it i s  d i f f i c u l t  t o  pass. 

The heavy d i s sec t ion  of t h e  mountains and t h e i r  sha rp ly  expieseed 
high mountain appearance i n  t h i s  region of t h e  Kunlun a r e  associa ted 
wit.h a whole s e r i e s  of causes. F i r s t ,  t h e r e  i s  r e l a t i v e l y  low precipi-  
t a t i o n  here,  a s  evidenced by t h e  bad q u a l i t y  of t h e  mountain pas tures  
and t h e  small spruce and juniper f o r e s t s  s i t u a t e d  here  mixed wi th  black 
currant  bushes, mountain ash, roses ,  honeysuckle and willow. Secondly, 
such a geomorphological charac te r  of t h e  Kunlun mountains i s  charac- 
t e r i s t i c  only of those s e c t o r s  f o r  which Lake Lobnor serves  a s  t h e  looal 
base l eve l .  This lake i s  s i t u a t e d  l e s s  than  800 meters  above s e a  level. 
The val leys  of the  r i v e r s  t h a t  descend from t h e  Kunlun onto - t h e  higher 
p la in  a t  the  f o o t  of the  mountains and which disappear i n t o  t h e  sands 
are  not  incised so deeply, although they  c u t  through ranges t h a t  have 
ar- absolute e leva t ion  as  g r e a t  as t h e  former. F i n a l l y ,  sharp forms also 
&re r e l a t e d  t o  t h e  hard Proterozoic  sandstones and s h a l e s  making up the 
northern ranges of the  Kunlun. 

Beyond t h e  meridian of Khotan the  ou te r  ranges decrease i n  0 1 8 ~ 8 -  

t ion and gradually disappear,  passing over i n t o  t h e  so-cal led  Keriyskiy 
pla in ,  s i t u a t e d  a t  t h e  f o o t  of t h e  mountains and adjoining t h e  f o o t  of 
the  inner  ranges on the  north.  The width of t h e  Kunlun here  i s  oonsid- 
ei-ably smaller .  I n  the  sec to r  80' 30' - 82O E. i s  a c l e a r l y  expressed 
t r a n s i t i o n  t o  s o f t  rounded peaks and moderately deep v a l l e y s  t h a t  a re  
t y p i c a l  of the  e a s t e r n  p a r t  of t h e  range. Glaciers ,  g l a c i a l  l akes  and 
moraines of t h e  Raskem type ( t h a t  i s ,  s i m i l a r  t o  those  found i n  the  
oasin of the  Raskem-Dar'ya River) disappear as  you pene t ra te  i n t o  the  
dry  i n t e r i o r  but t h e  e leva t ions  remain g r e a t .  The p r i n c i p a l  c r e s t  of 
the  i n t e r i o r  range has an e l e v a t i o n  of about 6,000 meters and the  passe8 
l i e  a t  an e leva t ion  of 5,200-5,300 meters. 



To the  e a s t  of the 82nd meridian the  slopes of the  Russkiy R a g e  
are already turned towarda the  Tarim Depreesion. The Russkiy Rmge i e  
pa r t  of the  seoond chain of the  Kunlun Mountains, counting from the 
north.  I t  r i s e s  up i n  t h e  form of a oo l losa l  w a l l  beyond a gently 
slopping d e s e r t  p l a i n  which r i s e s  towards t h e  mountains up t o  an e le -  
vation of 1,200-1,350 maters. It i s  l o c a l l y  dissected by ravines end 
deeply i n c i s e d  (up t o  300 meters near the  f o o t  of the  mountaine) trench- 
l i k e  oanyons of the r i v e r s .  I t s  h ighest  snow-covered aection with peaks 
up t o  6,626 meters, i s  s i t u a t e d  t o  the  west, although i c e  and e t e r n a l  
snows a l s o  a r e  found i n  several  mountain groups t o  the  e a s t ,  where M t .  
Aktagh, 6,392 meters high, a t t a i n s  the  maximum elevat ion.  

The inner chaina of t h e  Kunlun are  higher than those i n  the  north,  
and l i k e  t h e  Ladak i n  the  Himalaya, serve a s  the  main watershed of the 
Xunlun. The Yurunkash, Keriya and Cherchen Rivers, flowing from them i n  
deep and impassable canyons, c u t  through the  outer ranges. But, s imi la r  
t c  the Ladak, t h e  inner  ranges do not  serve as  a watershed f o r  t h e i r  
e n t i r e  d is tance,  s ince  i n  t h e i r  t u r n  they are  cu t  through i n  the  west by 
the  Yarkendom and Karakash. 

The absence of a s ing le  watershed f o r  the  e n t i r e  distanoe of the  
Kunlun, together  wi th  t h e  echelon-like arrangement of the  ranges and t h e  
high u p l i f t e d  va l l eys ,  confirms abundantly t h ~ t  t h i s  mountain country has 
undergone large-scale  post-Hercynian t ec ton ic  changes causing an i r regu-  
lar u p l i f t  and a mixing of i t s  d i f f e r e n t  par ta .  

Among t h e  inner  ranges, the  highest  i s  t h e  watershed range -- t h e  
Przhevlal s k i y  ( ~ r k a t a g h )  Range with M t .  Ulug-Muz tagh covered by e t e r n a l  
snows and g l a c i e r s .  However, e t e r n a l  snows and i c e  a l s o  cover mountain 
ranges which a r e  a prolongation of t h e  deacribed range t o  the.'west of 
Ulug-Iduztagh. This range, having an almost east-west o r ien ta t ion ,  o m  
be regarded as  t h e  backbone of t h e  Kunlun ( ~ o r e i g n  Asia [Zarubezhnaya 
~ e i . y a ] ,  1956). 

I n  t h e  nor th ,  i n  f r o n t  of the Przheval'  sk iy  Range (betwken i t - a n d  
the  Russkiy ~ a n ~ e )  a broad expanse i s  s i t u a t e d  occupied by a wi ld  and 
barrsn  high-mountain p l a i n  with an average e leva t ion  of 4,500 meters. 
On t h i s  p l a i n  a r e  s i t u a t e d  disorderly-arranged low mountains and narrow 
ridges.  Low h i l l s  of sand and gravel are  sca t t e red  here and there .  
Bet,~veen the  r i d g e s  and t h e  spurs dry  "sayR a re  or iented towards t h S  
nor theast ,  t h e s e  belonging t o  t h e  Cherchen Basin. The a rea  i s  so dug 
lip t h a t  it resembles a g igan t ic  p lomd f i e l d .  But a t  the  very f o o t  of 
the  Przheva lgsk iy  Range it takes  on the  appearance of a r o l l i n g  plain.  
This p l a i n  on t h e  south i s  adjoined by p a r a l l e l  o r  almost p a r a l l e l  ( t o  
the  main range) mountainous spurs which are separated from one another 
by long i tud ina l  va l l eys .  



The Przhevallekiy Range i n  plaoes coneie ta  of a a e r i e s  of parallel 
ranges of which four  may be regarded a s  major. I t  i a  n o t  always eary 
t o  say whioh of them i s  the  p r i n c i p a l  one. There a r e  no gaps i n  the 
range, the  e levat ion of t h e  pasaes i a  a s  muoh a s  5,578 meters.  The 
~ o u t h e r n  slope of the range i a  considerably  s t e e p e r  t h a n  t h e  northern 
slope and i t a  precipi toue apura a r e  ehor te r .  Thia elope grades in to  a 
ro l l ing  surface whioh on t h e  eouth join8 w i t h  t h e  high upland pla in  of 
Tibet. 

To the  south of the  Przheval 'ekiy  Range i s  s i t u a t e d  t h e  Kukushili 
Range with a length of about 900 ki lometers .  This i e  the  nex t  inner 
range of the Kunlun. Both ranges a r e  separated by a broad (40-60 
kilometers) intermontane v a l l e y  whoae f l o o r  has  an e l e v a t i o n  of 4,900 
meters. Individual  low mountains and h i l l e  a r i e e  amidat t h e  valleys.  
In the depressions between them a r e  s i t u a t e d  numeroua l akes  which are 
fed by brooks and streams from varioue directions. 

If the  nor thern ranges of t h e  Kunlun, e s p e o i a l l y  i n  t h e  west, are 
dis t inguished by s teepness  of slope,  deep d i s s e o t i o n  and aharply  expressed 
individual peaks, t h e n  t h e  mountain ohaine l i k e  t h e  Kukuahili,  s i tuated 
i n  T ibe t ' s  a rea  of i n t e r n a l  drainage,  a r e  a oomplete oon t ras t .  Looal 
lakes serve as  t h e i r  looa l  base l eve l .  These lake8 a r e  e i t u a t e d  a t  
about 4,900 metere above eea l e v e l .  Erosion here  t a k e s  plaoe l e s s  
fo rce fu l ly ,  and t h e  mate r ia l ,  due t o  t h e  absenoe of dra inage t o  the  
outside,  i s  n o t  c a r r i e d  away. The Xukuehili Range i a  ohara6ter ized by 
gent le  slopes,  an even and rounded orea t ,  ind iv idua l  dameshaped peaks 
which r i s e  bu t  l i t t l e  above t h e  o r e a t  and an almost oomplete l aok  of 
o l l f f a ;  t h e  e n t i r e  r e l i e f  i s  eoftened by a mass of d e t r i t a l  mate r ia l .  
The h ighes t  po in t s  of t h e  Kukushili Range, f o r  example, M t .  King Osoar, 
r i s e  up t o  6,000 meters. The range r i s e s  300-600 meters i n  a l l  above 
the  p l a i n s  whioh approach i t s  nor thern and eouthern f o o t .  I n  plaoes it 
i s  so gen t ly  slopping and ao weakly expreaeed on t h e  landeoape t h a t  you 
would n o t  immediately regard it as a mountain range. Thia was t h e  case 
with L i t t l e d a l e  when he climbed t h e  range f r m  t h e  nor th .  To t h e  e a s t  
the  Kukushili passea i n t o  t h e  Bayan-Khara-ula Range, whioh server 88 a 
watershed between t h e  Hwang-ho and t h e  Yangtze. 

The range of the  Kunlun system next  t o  t h e  south  i a  o a l l e d  t h e  
Dunbure ( ~ u n g b u r e )  . I t  a l s o  maintain8 a oonetant o r i e n t a t i o n .  I t  
extends from 87O 30' E. eaetward t o  t h e  headwaters of t h e  Chumar R i w r ,  
t h a t  i a ,  f o r  more than 300 kilometers.  The Dunbure, s o  Khuan Ti-toin '  
be l i eves ,  serves a8 the  boundary between t h e  Kunlun and Karakorun rook 
types: "...to t h e  nor th  of it shalee  and graywaoke of Kunlun phases 
predominate, but t o  t h e  south, i n  t h e  Buka-Mangna and Tanghla Ranges, 
limestone wi th  organio reaidues and r e d  banding i e  t h e  p r i n o i p a l  rook. 
I t  i s  posaible t h a t  a p a r t  of these  limeatones i a  Mesozoio, whereas t h e  



red banding seems t o  be Tr iase io  and/or Cretaoeoue. (Basic Features 
of" the  Tectonic S t ruc tu re  of China [Osnovnye cher ty  tektonicheskogo 
s t royeniya  Kitaya J, Foreign L i t e r a t u r e  Publishing House, 1952, page 46. ) 

The d i s t s a c e  between the  Kukushili and Dunbure Ranges i s  50 k i lo -  
meters. The p l a i n  which separa tes  them has a h i l l y  r e l i e f  and l a rge  
shallow spring-fed lakes.  I t  drops downward from e a s t  t o  west. Like 
the  ~ u k u e h i l i ,  the  Dunburs Range i s  gent ly  slopping, s t rongly  depressed, 
and has s o f t  gen t l e  r e l i e f  fea tures .  A whole s e r i e s  of small streams 
flowing from t h e  range t o  t h e  north,  e a s t ,  weet and south, emanate from 
t h e  broad and f l a t  watershed. There a re  few c l i f f s  i n  the  mountains, 
but  t a l u s  i s  widespread: The higheat  p a r t s  of t h e  c r e s t  extend beyond 
the  l i n e  of e t e r n a l  snows i n  the form of individual  peaks and small 
mountain groups. 

There a r e  hummocky swamps on the northern s lopes  of the  range. A t  
t he  meridian of 95' Em t h e  nor theas tern  spurs of the  Dunbure approaoh t h e  
Kukushi l i  and the  southeas tern  spurs approaoh the  Bukuehili and the  
southeas tern  spurs  approach the  Ulan-Ula Range which i s  p a r t  of t h e  
system of nor theas te rn  d i s loca t ions .  ( I t  i s  unnecessary t o  descr ibe  
the  e a s t e r n  p a r t  of t h e  Kunlun i n  t h i s  work, s ince  it i e  not  e i tua ted  
i n  t he  boundaries of Tibet  proper.) 

In concluding our remarks about the  p la ins  and mountains of Tibet  it 
i s  i n t e r e s t i n g  t o  c i t e  the  following da;ta from Sven Hedin, analyzing the  
heights  of t h e  passes,  mountain c r e s t s ,  and va l l ey  f l o o r e  ( t h e  l a t t e r  
along the  shores of l akes ) .  The explorer  oeme t o  the  oonclueion t h a t  
the  c r e s t s  of t h e  range8 r i s e  above the  passes on an average of 300 
meters; by approximately t h e  same f i g u r e  the  passes r i s e  above the  
f l o o r s  of t h e  v a l l e y s  and intermontane pla ins .  However, i n  western 
Tibet  the  average e leva t ions  of t h e  ranges themselvee and the  average 
e leva t ions  of t h e  passes a r e  g rea te r  than  i n  the e a s t e r n  pa r t ,  so the  
d i f ference ,  a s  can be seen from t h e  t ab le ,  i s  considerable. 

Elevat ions  Vestern  Tibet ,  meters Eastern Tibet ,  meters Difference,  
meters 

Passes 
Base 

Notea For computing mean e leva t ion  of the  base S. Hedin-used the  
meen e l e v a t i o n  of intermontane va l l eys  (along the  surface of the  water 
i n  the l akes ) .  

The average he igh t  of the  mountain c r e s t s  i n  the  west of Tibet i s  
5,800-5,900 meters,  and i n  the  e a s t ,  5,500 ( t o  be more exact ,  5,470 
meters, according t o  Hedin. 



PRINCIPAL TYPES OF RELIEF 

From what we have a l ready sa id ,  it i s  ev iden t  t h a t  t h e  r e l i e f  of 
Tibet  i s  complex and i s  d is t inguished by a  m u l t i p l i c i t y  of forms which 
arose as a  r e s u l t  of the  prolonged i n t e r a c t i o n  of many fac to re .  It baa 
a  complex geological  h i s t o r y  leading t o  t h e  l i f t i n g  of t h i s  sector  of 
the e a r t h ' s  c r u s t  t o  an immense e l e v a t i o n  and i t s  f r a c t u r e  i n t o  sectora 
of various hypsometric l e v e l s ;  a  va r ied  l i t h o l o g i c a l  composition of t h e  
rocks; d i f ferences  i n  c l imat ic  condi t ions  of i n d i v i d u a l  regions  i n  the 
t e r r i t o r y ;  uneven i n t e n s i t y  of exogenous processes and nany othere .  
Nevertheless, according t o  c h a r a c t e r i s t i c  shape, r e l a t i v e  r e l i e f  and 
other  fac to rs ,  e speo ia l ly  morphological, a l l  t h i s  v a r i e t y ,  we f e e l ,  can 
be reduced t o  four bas ic  types  of r e l i e f .  

I. High mountain p la ins ,  crossed by ranges of moderate height. 
11. A type of r e l i e f  combining ranges of g r e a t  and moderate ele- 

'vations and high upland p la ins .  
111. High mountain r e l i e f .  

I V .  Badlands type.  

In  addi t ion,  we can a l s o  d i s t i n g u i s h  t h e  graben-valley of the  
Indus-Tsangpo (v) separat ing t h e  Himalaya and t h e  TranshimaIaya and 
cons t i tu t ing  a  l a rge  independent geomorphological element i n  t h e  rel ief  
of Tibet. 

The basic  types of r e l i e f  c r e a t e  t y p i c a l  landscape p i c t u r e s  i n  
broad areas.  However, i n  t h e  regions where t h e y  predominate wi thin  each 
of d e s e  types individual  s e c t o r s  wi th  considerable  d i f f e r e n c e s  are 
always encountered. This a l s o  makes it poss ib le  t o  d i s t i n g u i s h  subtypes. 
'Tithout giving a  d e t a i l e d  desc r ip t ion  of each type of r e l i e f ,  which 
would lead i n  large  p a r t  t o  a  r e p e t i t i o n  of what we have a l ready pre- 
sented i n  t h i s  chapter,  we l i m i t  ourselves t o  desc r ib ing  t h e i r  charac- 
t e r i s t i c s  b r i e f l y .  

High u p l i f t e d  p la ins  crossed by ranges of moderate he igh t .  This 
type of r e l i e f  occupies an immense a rea  i n  the  n o r t h  of T ibe t ,  s i tuated 
f o r  the  n o s t  p a r t  i n  the  t e r r i t o r y  of t h e  so-oalled Changtang dese r t ,  
which extends t o  the  nor th  of the  Transhimalaya between t h e  meridian 
81' E. and t h e  boundaries of t h e  region drained by t h e  headwaters of the 
Hv~angho, Yangtze, and Salween. This type of r e l i e f  i s  a l s o  characteris-  
t i c  of t h e  northern slope of t h e  Great Himalaya Range. A t  t h e  present 
time the  Changtang has taken on the  appearance of a  h igh mountain pla- 
teau whose inner regions are  without drainage t o  t h e  ou t s ide .  The 
plateau,  character ized by a  descending type of r e l i e f ,  has  a g r e a t  deal 
i n  common with the  geomorphological landscapes of t h e  Eas te rn  P w i r s .  
The same -- o r  even broader -- va l leys  a re  t y p i c a l  here ,  f i l l e d  with 
alluvium and d i l u v i a l  deposi ts ,  separated from one another by low 



nountain r idgea wi th  severa l  hundred meters of r e l i e f  i n  rill. 'keae 
val leys  o r  upland pla in6 a re  the  most c h a r a c t e r i s t i c  f ea tu re  of the  
landscape of the  Changtang. 

The mountain ranges cross ing t h e  p la ins  moat f requent ly  f r m  e a s t  
t o  west have gen t l e  s lopes  and weakly dissected c r e s t a  r i s i n g  but  l i t t l e  
above the l e v e l s  of the  passes of the  aurrounding ranges. Even the  
peaks covered by e t e r n a l  snows, wi th  r a r e  exceptions,  h a m  domelike 
contours. The e n t i r e  appeRrance of the  ranges n i t h  gent le ,  suppressed 
contours,  have f e a t u r e s  o h a r a c t e r i s t i c  of a  landscape with mountains 
of moderate height .  But i n  c o n t r a s t  t o  Central  Europe h e r e  the  conoept 
of middle-sized mountains waa f i r a t  ueed, the mountains of the  Chang- 
tang have an extremely g r e a t  e l eva t ion  above sea l e v e l ,  a re  not f o r e s t  
covered, and lack a  t h i c k  mantle of s o i l .  Their r e l i e f  i s  softened by 
a l a y e r  of weathered mate r i a l  made up of l a rge  fragment6 of rocks and 
gravel  t h a t  i s  t y p i c a l  of mountains i n  regions with a  deeply cont inenta l  
loca t ion .  The p la ina  a r e  h i l l y  i n  the  most widely d i s t r i b u t e d  subtypes 
of the  type being described. But the  h i l l 8  do not  conceal t h e  horizon 
t o  such an e x t e n t  t h a t  you can not see the  ranges i n  the  diatanoe o r  
t h e i r  high peaka made white by t h e  e t e r n a l  anowa. Such, f o r  example, 
i s  t h e  southern p a r t  of t h e  Changteng, t o  t h e  south of the de Rhina 
and Tanghla Ranges, where t r a v e l e r s  can go f o r  weeks i n  the open upland 
h i l l y  p l a i n s  wi th  the  horizon s t r e t c h i n g  f a r  before them, and where the  
area  i s  e a s i l y  passable f o r  var ious  kinds of t r anspor ta t ion .  The h i l l s  
In l a r g e  p a r t  a r e  gent ly  sloping,  dome-ahaped o r  f l a t t e n e d  on top,  e i t h e r  
s c a t t e r e d  i n  t h e  p l a i n  o r  drawn out i n  east-west r idges.  The geolbgical  
s t r u o t u r e  and t h e  geomorphology of these  h i l l s  leavea no doubt t h a t  
these a r e  n o t  t h e  r u i n s  of formerly high mountains but  ins tead  are  
independent s t r u c t u r a l  elements. We c a l l  euch r e l i e f  'open upland h i l l y  

subtype I, 1. 

The a r e a  n e a r  t h e  western end of t h e  Tanghla Range looks d i f f e r e n t .  
The h i l l s  here  s tand i n  a  c lose  d iaorder ly  group, separated by a  complex 
l abyr in th  of narrow passageways. This r e l i e f  we c a l l  "upland p la ins  
with o lose ly  spaced h i l l s , "  subtype I, 2. 

The c h a r a c t e r i s t i c s  of t h e  geomorphological landscape i n  the  eas te rn  
p a r t  of T ibe t  a r e  unusual. Their  s i n g u l a r i t y  cons i s t a  i n  the  f a c t  t h a t  
everywhere t h e r e  a r e  c l e a r l y  expressed t r a c e s  of ancient  g l a c i a t i o n  -- 
moraine h i l l s ,  l a k e s  and boulders.  Thses make movement exceedingly 
d i f f i c u l t .  We c a l l  t h i s  r e l i e f  ! 'hilly upland p la ins  wi th  c l e a r l y  
expressed t r a c e s  of g l a c i a t i o n , "  subtype I, 3. 

I n  t h e  nor theas te rn  p a r t  of Tibet ,  between the  Przhevallakiy and 
Dupleix Ranges, the  fo rces  of volcanism play a  decis ive  ro le .  Here our 

a t t e n t i o n  i s  d r a m  t o  volcanic  cones ( t h e  volcanoes Ruisbrook, Reclus, 
Byussi) and h i l l s  w i t h  a  s ingu la r  s t ruc tu re .  These h i l l s ,  usual ly  



s t a d i n g  close t o  one another, a r e  Similar  i n  appearance t o  f la t tened 
cones. They are made up of redd i sh  sandstone and conglomerate-like 
rock, covered on t o p  by hor izon ta l  s t r a t a  of black t u f f .  Te c a l l  th is  
r e l i e f  " h i l l y  upland p l a i n s  wi th  t r a c e s  of vo lcan ic  a c t i v i t y , "  subtype 
I, 4. /- - 

In  the  region of the  Aksayohin Oepression and t o  t h e  south of 
Lakes Ligten and Markham, gently s lop ing  and broad ranges a r e  not cha- 
r a c t e r i s t i c .  Ins tead we f i n d  those  which a re  low, narrow and d i f f i cu l t  
t o  t r a v e l  through. They have an eas t -wes t  o r i e n t a t i o n  and a r e  sometimea 
separated by narrow o r  broad va l l eys .  'Ne c a l l  t h i s  type "upland plains 
with narrow, closely-spaced east-west  ranges of low mountains, " subtype 
I ,  5. 

I n  t h e  Karakorwn and i n  p a r t s  of the Changtang ad jo in ing  the  
Karakorum, together  wi th  the  east-west  mountain ranges, ranges are  often 
encountered wi th  a north-south o r  a northeast-southwest o r i e n t a t i o n  and 
bordered by f l a t  intermontane p la ins .  Here has developed an unusual 
r e l i e f  wi th  a " c e l l u l a r "  pa t t e rn .  l e  c a l l  it "upland p l a i n s  with inter- 
sect ing ranges having an east-west  and north-south o r i e n t a t i o n ,  " subtype 
I ,  6. 

F ina l ly ,  w e  oan d i s t i n g u i s h  s t i l l  another subtype, s i t u a t e d  on the 
northern slope of t h e  Greet Himalaya Range. The nor the rn  s lope of the 
main range i s  leeward t o  the  moist  winds of t h e  Indian Ocean and, 
consequently, ext renely  dry. It  drops off  g e n t l y  t o  t h e  nor th ,  passing 
a t  an e l e v a t i o n  of 4,500 meters i n t o  an intermontane depress ion between 
the  Ladak Range and t h e  ranges of t h e  Nepal-Tibetan watershed on the  one 
hand, and t h e  Great Himalaya Range on t h e  other .  The format ion of rel ief  
here takes  place under condi t ions  of an a r i d  c l imate  i n  t h e  west  and an 
inadequately moist  cl imate i n  t h e  e a s t  and a r e l a t i v e l y  weak development 
of eros ional  processes,  On t h e  nor thern s lope t h e r e  a r e  no such deep 
valleys and canyons as  on t h e  southern s lope and t h e  hydrographic network 
l u  not very i n t r i c a t e .  On the  landscape can be seen low east-west  range0 
with the  appearance of "middle-size mountains" ( f o r  t h e  most p a r t  i n  the 
eas te rn  p a r t )  and dese r t - l ike  o r  s teppe- l ike  h i l l y  p l a i n s  w i t h  a rocky 
CP Sclonchak surface. .  They have lakes  t h a t  have no drainage t o  the  
outs ide;  the  are  bounded on t h e  nor th  and south by low ranges ( i n  the  
western p a r t  7 . I n  general ,  t h e  nor thern slope of t h e  Great  Himalaya 
s a g e  is very s imi la r  t o  t h e  Changtang ( e s p e c i a l l y  i n  t h e  west). I t s  
di .st inction,  f o r  t h e  most pa r t ,  c o n s i s t s  only i n  t h e  f a c t  t h a t  t h e  
nort.hern slope of the  Himalaya i s  drained by r i v e r s ,  many of which flow 
t o  the  ocean. We c a l l  t h i s  r e l i e f  "upland p l a i n s  of t h e  nor the rn  slope 
of the  Himalaya drained by r i v e r s  flowing t o  t h e  ocean," subtype I, 7. 

High mountain r e l i e f ,  i n  combination wi th  ranges of middle s i z e  
hppearance, i s  the  type of r e l i e f  c h a r a c t e r i s t i c  of t h e  Transhimalaya, 
t h e  Karakorum ( t h e  Tibetan p a r t  of t h i s  mountainous country) ,  and the  



regicn of the  Changtang near t h e  Dupleix Range. In the  region h e r e  t h i s  
type of r e l i e f  i s  found, a s  well  as  i n  the  Changtang, there  a re  extensin ,  
i l - i tenontane va l l eys  and f l a t  basins,  many of which a re  occupied by 
large  lakes.  But i n  the morphological landacape ranges of moderate and 
high r e l i e f  have very g rea t  s ignif icance .  

The Transhimalaya i s  uneven i n  i t s  ou te r  appearance. The middle- 
s ized mountains appearance wi th  s o f t  contours, dome-shaped peaks, 
shallow intermontane va l l eys  wi th  a mass of ma thered  debr i s  on the  
slopes,  e x i s t s  f o r  t h e  most p a r t  i n  the  nor thern  and c e n t r a l  p a r t s  -- 
the d r i e r  pa r t s .  But the  same p ic tu re  oan a l s o  be seen i n  o ther  p laces ,  
f o r  example, i n  the  Doktol a rea  on t h e  l e f t  bank of the  upper course of 
the Tsangpo ( t r u e ,  t h e r e  are  no barren mountains here; on the  contrary,  
the mountain s lopes  a r e  covered with succulent  'pas tures) .  A t  the same 
time, high mountain landscapes with sharp peaks, from time t o  time 
=overed wi th  e t e r n a l  snows, with s t eep  s lopes  and deep val leys ,  pre- 
dominate i n  t h e  southern ranges of t h e  Transhimalaya, of ten ,  however, 
a l s o  on t h e  nor thern  mountain slopes,  e s p e c i a l l y  those l i k e  the  Nyenchen- 
T a g h l a  and t h e  Aling-Kangri. The craggy peaks a r e  crowned by e t e r n a l  
snows and t h e  sharp p r o f i l e s  of the  c r e s t s  can be a l s o  seen i n  severa l  
inner ranges -- i n  t h e  Torgot-Kangri, Gtyak-Kharma, Lunkar, Kanchung and 
Lapchung Range s o  

For t h e  nor thern  and inner  ranges of the  Tranehimalaya, having no 
ex te rna l  drainage,  and s i t u a t e d  i n  a region of predominantly descending 
r e l i e f ,  the  mountain forms a r e  c h a r a c t e r i s t i c a l l y  t y p i c a l  of those i n  
d e s e r t  regions  of i n t e r i o r  drainage (without sharp c r e s t s  and peaks) 
end t o  a l e s s e r  ex ten t ,  e ros iona l  forms. IYe c a l l  t h i s  " r e l i e f  Hi th  a 
predominance of middle-sized mountains," subtype 11, 1. 

To t h e  e a s t  and t o  t h e  nor th  of t h e  sources of t h e  Singi  River f o r  
tens  of k i lometers  t h e r e  extends a dese r t  a rea  i n  which t h e  mountains i n  
t h e i r  mo~pholog ica l  f ea tu res  a r e  no t  a l toge the r  s imi la r  t o  t y p i c a l  middle- 
s lzed mountains; they  do not have rounded contours but  a r e  s i -n i lar  t o  
g igan t i c  b e l l s  forming what looks l i k e  frozen,  d isorder ly-scat tered 
waves. This makes movement extremely d i f f i c u l t  i n  a l l  d i rec t ions .  :Ye 
zal. 1 t h i s  " r e l i e f  w i t h  unusual d isorder ly-soat tered mountains having a 
b e l l  shape," subtype 11, 2. 

The nor theas te rn  p a r t  of the  Transhimalaya can be separa ted out  a s  
a subregion. I n  t h i s  a r e a  a r e  s i t u a t e d  the l a r g e s t  of t h e  Tibetan 
lakes -- Sel ing,  Dangrayum, Dzharing and others.  Some of them a re  
si tuat .ed i n  broad f l a t  bas ins  wi th  low banks, o the r s  a re  surrounded by 
clcsely-spaced mountains, some highly  d i s sec ted  and planed 6 f f ,  othera 
with s t e e p  s lopes  and sharp peaks covered by e t e r n a l  snows -- t h i s  we 
c a l l  "medium or moderately high mountain r e l i e f  wi th  intermontane 
basins occupied by l a r g e  lakes ,"  subtype 11, 3. 



In the  lower course of t h e  S ing i  River and i n  t h e  southern r q e a  
cf the  Transhimalaya t h a t  a re  d ra ined  by t h e  Tsangpo River and h i o h  are 
experiencing a s tage of development of r i a i n g  r e l i e f ,  h igh mountain 
landforma play an important r o l e  i n  the  landscape; most c m o n  are 810psl 
cut  by eros ion and val leys  which o f ten  asaume a canyon-like appearanoe, 
The upper p a r t s  of the  mountains, however, c a r r y i n g  a cover of eternal 
snows and i c e ,  are  d i s t ingu i shed  by peaka and c r e s t s  wi th  sharper, more 
abrupt and d i s sec ted  forms -- " r e l i e f  wi th  a predominance of range8 of 
a high mountain type,  " subtype 11, 4. 

The e a s t e r n  spurs  of t h e  Karakorum, s i t u a t e d  w i t h i n  Tibetan terri- 
to ry ,  a re  a l s o  oharac te r ieed  by t h e  type of r e l i e f  descr ibed and, as i n  
t he  Transhimalaya, ranges of middle-sized mountains predominate over 
ranges with high mountain landscapes. The i n t e n s e l y  reduced and worn- 
down mountains of the Karakorum have acquired gent ly-s loping shapee and 
f l a t t e n e d  c r e s t s  whose passes become swampy i n  t h e  summertime, as happene 
i n  th6 Tanghla and Dungbure Ranges i n  the  e a s t  of T ibe t ;  high mountain 
landsoapes a r e  enoountered i n  t h e  higher  ranges,  f o r  example, i n  the 
Tibetan Karakorum, near Lakes Char01 and Arport and i n  ind iv idua l  high 
massifs which extend beyond t h e  l i n e  of e t e r n a l  snows. This we c a l l  
" re l i e f  with a predominance of ranges of t h e  middle-sized mountains," 
subtype 11, 5. 

A3 an example t h e  type of r e l i e f  (11) descr ibed i n  t h e  Changtang, 
a large  mountainous s e c t o r  s i t u a t e d  between t h e  Dupleix and Tanghla 
R a g e s  can serve. I t  i s  charac te r i zed  by a combination of two systems 
of ranges, northeast-southwest (and north-south) and east-west  oriented* 

High mountain type of r e l i e f  i s  c h a r a c t e r i s t i c  f o r  t h e  most' part 
of t h e  nor thern and southern borders of Tibet ,  t h a t  i s ,  t h e  Himalaya and 
Kunlun Mountains, e s p e c i a l l y  the  f i r s t .  The extremely g r e a t  abaolute 
e leva t ion  of the  mountains, t h e  nearness of t h e  Hindustan Lowland, and 
the  abundance of moisture brought from t h e  Indian Ocean r e s u l t e d  here 
i n  an exceptional development of eros ion,  d i s s e c t i n g  t h e  Great  Himalaya 
Range with extremely deep V-shaped v a l l e y s  and canyons wi th  a depth of 
hundreds and thousands of meters. The high mountain appearance of the 
mountains i s  formed not  only because t h e  Himalaya a r e  i n  a region of 
r i s i n g  r e l i e f  and sub jec t  t o  in tensive  e ros ion  but  a l s o  due t o  the  thick 
g lac ia t ion ,  which makes poss ible  t h e  appearance of sharp peaks and crests 
with cirques.  We c a l l  such r e l i e f  "high mountain r e l i e f  wi th  in tense  
g lac ia t ion , "  subtype 111, 1. 

The high mountain landscapes of t h e  Kunlun a r e  l e s s  'grandiose 
since the  eros ional  processes here ,  due t o  t h e  g r e a t e r  a r i d i t y  of the  
cl lmate,  are  l e s s  in tens ive ,  and g l a c i a t i o n  has a l s o  developed l e s s  
in tensely .  The high mountain landscapes i n  t h e  Kunlun i n  t h e  t e r r i t o r y  
of Tibet can be divided i n t o  t h e  Przheval lskiy  Range and t h e  mountains 



bounding t h e  Aksaychin va l l ey  on the  north. They a re  more developed on 
the nor thern elope of t h e  n o r t h w e t e r n  Kunlun -- beyond t h e  borders of 
Tibet  proper. We c a l l  t h e  Kunlun high mountain ranges "high mountain 
r e l i e f  with r e l a t i v e l y  modest d iseect ion and r e l a t i v e  r e l i e f  and weakly 
'&veloped g lac ia t ion ,  " subtype 111, 2. 

The s ingu la r  type of geomorphological landsoape, the "badlands," 
has developed i n  the  S u t l e j  Basin. This type of landscape i s  charac- 
t e r i s t i c  of regions with a  specia l  geological  s t ruc tu re  and an a r i d  o r  
semi-arid cl imate.  As a  r e s u l t  of the  eros ional  d i s sec t ion  (due t o  an 
inadequacy of moisture),  t h i c k  s t r a t a  of hor izon ta l ly  s i t u a t e d  m c i e n t  
lake deposi ts  i n  t h e  headwaters of t h e  S u t l e j  have formed deep canyons 
and a dense network of repeatedly  branching canyon8 with dry waehes 
running i n t o  them. The canyons and ravines are  o f ten  separated by 
narrow and steep-sloped watersheds with sharp c r e s t s  almost bare of 
vegetetion.  However, the  broad watershed areae of the  dry steppe are 
f l a t  and h i l l y o  I n  i t s  p r inc ipa l  f e a t u r e s  the  landscape of t h e  S u t l e j  
Basln i s  c lose  t o  a  badland -- type I V ;  the  more t h e  d i s sec t ion  i s  
intensified, the  more it w i l l  resemble a  t y p i c a l  badland. 

The graben v a l l e y  of the  Indus-Tsangpo. The deep va l l ey  of the  
Indus-Tsangpo i s  one of the  most important elements sharply standing out 
i n  t h e  r e l i e f  of Tibet .  The graben separates  the  Himalaya system from 
t hs  Trsnshimalaya system. I n  t h e  north it i s  bounded by the  Kailas 
Range and i t s  e a s t e r n  prolongation and i n  the  south by t h e  Ladak Range 
and t h e  Nepal-Tibetan watershed. The general  o r ien ta t ion  of the graben 
l a  from northwest t o  southeast .  I n  the region of Lakes Manasarowar and 
Rakas t h e  graben i s  i n t e r s e c t e d  by a  young north-south u p l i f t .  I t a  
height  ebove sea  l e v e l  i s  the re fore  the  maximum here -- almost 5,000 
meters. To t h e  northwest of t h i s  u p l i f t  the  Gartang River, the  l e f t  
headstream of t h e  Indus, flows through the  graben a t  an e leva t ion  of 
about 4,500 meters and t o  t h e  southeast  -- t h e  Tsangpo River, whose 
e levat ion a t  t h e  headwsters a t t a i n s  an e levat ion of more than 4,500 
meters and i n  t h e  lower course drops down t o  3,000 meters. The distanoe 
between t h e  c r e s t s  of the  ranges, bordered by grabens on the nor th  and 
soufh, i s  30 kilometers and l e s s  t o  t h e  west of the u p l i f t  (from thb 
region of Lakes Rakas and ~anasarowar ) ,  t h a t  i s ,  i n  the  sector  h e r e  t h e  
Gartang flows, and 70-80 kilometers (sometimes considerably l e s s )  where 
the Tsangpo flows t o  t h e  e a s t  of t h e  u p l i f t .  The width of the  gtaben 
f loor  i s  va r iab le .  I n  some places the  o u t l i e r s  of t h e  Kai las 'and Ladak 
come so c lose  toge ther  t h a t  t h e  Tsangpo River flows i n  a  narrow impass- 
ak?e canyon, I n  o ther  places,  however, f o r  example, i n  the  lower course 
0; t h s  Tsangpo, t h e  width of the  graben f l o o r  i s  as g rea t  as 10-20 k i lo -  
meters and the re  i s  an a l t e r n a t i n g  of widenings and contractions. The 

presence of lake depos i t s  i n  t h e  wide places gives evidence t h a t  i n  the  
pas t  they were occupied by lakes.  



m e  f l o o r  of the  graben where t h e  Tsangpo flows i s  f l a t  o r  h i l ly .  
Here and the re  it i s  covered by accumulations of g rave l ,  sand h i l l s ,  or 
dunes. The spurs of t h e  Transhimalaya and t h e  Himalaya a r e  intensely 
dissected and sometimes have the  appearance of low craggy mountains. 
Terraces have fonned along var ious  p a r t s  of t h e  r i v e r ,  and these have a 
width between several  hundred meters t o  3-4 ki lometers .  

In the western p a r t ,  along t h e  Gartang River, the  graben i s  ohm- 
acter ized by exceptional s t r a i g h t n e s s  ( i t  i s  o r i en ted  from southeast  t o  
northwest) and a t r u e  trough-like s t r u c t u r e .  I t s  f l o o r  i s  a l s o  h i l l y .  

CLIMATE 

The climate of the  Tibetan highland, and e s p e c i a l l y  i t s  western 
pa r t  i n  which Tibet  proper i s  s i t u a t e d ,  i s  charac te r i zed  by f e a t u r e s  that 
are almost without p a r a l l e l  i n  o ther  p a r t s  of t h e  globe, wi th  the  excep- 
t l o n  of the  Pamirs. I t s  most d i s t i n c t i v e  f e a t u r e s  a r e  ve ry  low mean 
temperatures during the  course of t h e  whole year  and g r e a t  dryness of the 
a l r .  However, t h e  Tibetan c l imate  was not always l i k e  t h i s .  G. Austen, 
on the  b a s i s  of inves t iga t ions  of f o s s i l  bones of t h e  T e r t i a r y  period 
found i n  Tibet  a t  an e l e v a t i o n  of 17,000 f e e t  (about  5,200 meters)  
came t o  the  conclusion t h a t  t h e  c l imate  of Tibet ,  which now resembles 
the  Arct ic ,  i n  T e r t i a r y  times was warmer and rhinoceroses  and other  
warmth--loving animals could l i v e  t h e r e  ( ~ u r r a r d  and Hayden, 1933). 

Cooling on the  Tibetan highland was due t o  t e c t o n i c  causes:  the 
highland was u p l i f t e d  t o  a g r e a t  absolute  e l e v a t i o n  and blocked off 
from t h e  inf luence of t h e  Indian Ocean. 

The d i s t i n c t i v e  f e a t u r e s  of Tibetan c l imate  a r e  due t o  t h e  very 
great  absolute e l e v a t i o n  and t h e  i s o l a t i o n  of i t s  t e r r i t o r y .  The 
Himalaya t o  t h e  south, t h e  Karakorum, Hindukush and Western Himalayan 
Ranges t o  t h e  west hinder access of moisture t o  T ibe t  -- i n  t h e  P i r s t  
place from the  Indian Ocean, and i n  t h e  second -- from t h e  At lan t i c .  
A l l  t h i s  causes low temperatures and extremely low atmospheric humidity 
i n  almost a l l  of t h e  t e r r i t o r y  of Tibet  (on ly  one-quarter  of t h a t  a t  
sea l e v e l ) .  ( ~ t m o s ~ h e r i c  humidity inc reases  i n  t h e  summer when t h e  
major p a r t  of t h e  p r e c i p i t a t i o n  f a l l s . )  Therefore,  d e s p i t e  t h e  f a c t  
that Tibet i s  s i t u a t e d  i n  t h e  same l a t i t u d e  as  t h e  southern p a r t  of 
the  Mediterranean Sea and t h e  nor thern r i m  of Afr ica ,  t h e  c l imate  i n  
a l a rge  p a r t  of i t s  t e r r i t o r y  i s  severe, sharply  con t inen ta l ,  wi th  great  
a;mual and d iu rna l  ( i n  summer) ranges of temperature. I n  addi t ion,  the  
qu i te  in tens ive  cyclogenetic a c t i v i t y  causes changeab i l i ty  of weather 
i n  the  summer. Thus, the  cl imate of Tibet  combines f e a t u r e s  of t h e  
cl imate of an i n t e r i o r  A s i a t i c  d e s e r t ,  polar  coun t r i es ,  and a l s o  a '  
ronsoon clinxite. Hu Shen-su c a l l s  it a continental-monsoon c l imate .  



A. I .  Voyeykov, diecussing the  monsoon fea tu res  of t h e  Tibetan 
climate,  notes  t h a t  since i n  Tibet  i n  the winter the  ~ n d s  ham almost 
the same d i r e c t i o n  as  i n  the  s u e r ,  devia t ing only a l i t t l e  t o  the  
north,  t h i s  country oan not  be considered a s  belonging oompletely t o  
the  monsoon region; i n  monsoon regions the  winds i n  summer m d  d n t e r  
have opposite d i rec t ions .  But he considers t h a t  i n  Tibet conditions 
f o p  the d i s t r i b u t i o n  of hydrometers i s  simlar t o  those h i c h  charac- 
t e r i z e  t h e  monsoon c l imates ,  t h a t  i s ,  a moist ra iny summer and a dry 
winter. 

Tibet  i s  an a r i d  region, the  amount of p reo ip i t a t ion  dropping off  
from the  southeast  t o  the  northwest. A small p a r t  of t h e  preoipi ta-  
t ion ,  t h a t  of winter ,  i s  brought i n t o  Tibet  from the  Mediterranean 
Sea. G o  N o  V i t v i t s k i y  wr i t es :  "It i s  well  known t h a t  along t h e  northern 
border of t h e  subtropical  anticyclones there  i s  a movement of cyolones 
of t h e  temperate l a t i t u d e s  from west t o  eas t .  Thus the  movement of 
Mediterranean cyclones through Central  Asia oocurs i n  a d i r e c t i o n  
tcwards t h e  Himalaya. P a r t  of them pass t o  t h e  south of the  Himalaya 
i n t o  Southeast  China. Some cyclones penetra te  i n t o  Tibet  and S i n t -  
tszyan, The winter  p r e c i p i t a t i o n  of Kashmir, Tibet  and S inf tazyan  i s  
associa ted wi th  these  oyclones. ( n ~ h e  Circula t ion of A i r  Over China, " 
News of t h e  Academy of Sciences of t h e  USSR [Izv. AN SSSR], geographical 
series No 2, 1956, page 36.) 

The bas ic  mass of p rec ip i t a t ion ,  however, i s  brought i n t o  Tibet  
from t h e  Indian Ocean by t h e  monsoons blowing from May through Septem- 
ber, although, as  i s  well  known, by f a r  t h e  g rea te r  p a r t  of the  moia- 
ture of t h e  monsoon f a l l s  on t h e  Himalaya and Gandisyshan (Traiahima- 
iaya) which s tand i n  i t s  path. The monsoons reach the  southern regions 
of the Changtang so completely exhausted of moisture t h a t  they y i e l d  
l i t t l e  more than  100 mil l imeters  of p r e c i p i t a t i o n  ( ~ h u a n  Fen-shen, 
1954), and even l e s s  i n  the center  of the  Changtang. 

I n  general ,  r a ins  do not come t o  Tibet  i n  the springtime but i n  
the second h a l f  of t h e  summer, since t h e  monsoons a r r ive  l a t e .  They 
reach t h e  northwestern and c e n t r a l  regions of Tibet  only on 20 July  
( sandberg, 1906). .. . . 

From t h e  t e r r i t o r y  of Tibet  proper t h e  eas te rn  p a r t  of t h e  high- 
land, ly ing beyond i t s  boundaries, i s  d is t inguished by the  amount of 
p rec ip i t a t ion .  Here, i n  the  e a s t ,  i n  the  course of t h r e e  o r  even four  
summer months abundant and almost d a i l y  r a i n s  f a l l ,  which i n  t h e  high 
mountains a re  replaced by snowfalls o r  h a i l ,  o f t en  with s t rong thunder- 
storms. The r a i n s  are  brought, wrote Przhevalt skiy,  by southwestern 
winds i n t o  the  western p a r t  of the  highland and by southeastern winds 
in to  i t s  e a s t e r n  pa r t s .  The explorer believed t h a t  the  Indian monsoons 
bring t h e  moisture t o  the  Tibetan highland. 



A. I. Voyeykov explained t h e  o r i g i n  of t h e  r a i n s  i n  Tibet  in  the 
f o l l o d n g  way: a t  the  f o o t  of t h e  Western Himalaya t h e  moiat monaooa 
blows from the  eas t -southeast  and between t h e  nor the rn  end of the  B~ 
of Bengal and the  Eastern Himalaya i t s  main d i r e c t i o n  i s  from the south 
and south-southeast. Taking i n t o  cons idera t ion  t h a t  i n  t h e  Eastern 
liimalaya the re  are  deep canyons and the  o r e s t s  of t h e  ranges there  are 
only a l i t t l e  higher and it i s  l o c a l l y  even lower than i n  t h e  Tibetan 
highland, the  s c i e n t i s t  conjectured t h a t  a g r e a t  q u a n t i t y  of vapor i e  
carr ied  northward from the  warm and moist  a r e a  s i t u a t e d  t o  t h e  south of 
the Eastern Himalaya. This vapor r e s u l t s  i n  abundant p r e c i p i t a t i o n  
i n  the  nor theastern  and southeastern  p a r t s  of Tibet .  The vapor i s  
carr ied  eastward along t h e  Tibetan highland by t h e  predominantly metern 
a i r  currents .  

A t  the  present  time t h e r e  a r e  a l s o  o ther  explanat ions .  

V. A. Dzhordzhio and M. A. Pet rosyants  (1950) note  t h a t  the re  i s  
an anticyclone i n  summer over t h e  t e r r i t o r y  of Tibet .  This anticyolone 
i s  p a r t  of the  "subtropioal  b e l t  of h igh pressure ,"  g i r d l i n g  t h e  globe 
a t  l a t i t u d e s  25-30° and c o n s i s t i n g  of i n d i v i d u a l  an t i cyc lones  of a 
d i f f e r e n t  type. The summer Tibetan ant icyclone belongs t o  t h e  type of 
orographically caused ani tcyclones  t h a t  a r e  s i t u a t e d  over broad moun- 
t a i n  u p l i f t s .  The ant icyclbne i s  formed a s  a r e s u l t  of a combination 
of several  unusual f a c t o r s .  F i r s t ,  i n  summer t h e  a i r  masses over the 
h igh lmd a re  heated by the  h igh-up l i f t ed  underlying mountain surface.  
The a i r  temperature over t h e  su r face  of t h e  broad p la teau ,  u p l i f t e d  
3-4 kilometers above sea  l e v e l ,  proves t o  be considerably  higher than 
i n  the  f r e e  atmosphere. "The hea t ing  of t h e  a i r  over T ibe t t t  w r i t e s  

- 

G o  N o  Vitv i t sk iy ,  " i s  accompanied by some drop i n  p ressure  i n  t h e  
l ayers  of the  atmosphere near  t h e  e a r t h ' s  su r face  and an increase  i n  
pressure i n  t h e  high layers ."  ( " ~ i r c u l a t i o n  of A i r  Over China" 
"News of the Academy of Sciences-of  t h e  USSR [Izv.  AN SSSR], geo- 
graphical  s e r i e s ,  1956, No 2, page 41.) Second, t h e  deforming 
influence of t h e  mountain systems of Cen t ra l  Asia on a i r  c u r r e n t s  with 
a wester ly  movement, a s  a r e s u l t  of which an orographic r idge  i s  created 
i n  the  broad cur ren t  of f r e e  a i r .  The t h i r d  reason f o r  an increase  in 
pressure i n  the  f r e e  atmosphere i n  summer over Southern T ibe t  and t h e  
dimalaya i s  the  add i t iona l  hea t ing  of t h e  a i r  by l a t e n t  h e a t  of condensa- 
t i o n  t h a t  i s  l i b e r a t e d  i n  a l a y e r  between 3-7 ki lometers  durifig t h e  
abundant monsoon r a i n s  of nor thern Ind ia ,  which s t imula te  an u p l i f t  of 
a i r  along t h e  southern s lopes  of the  Himalaya. 

The f a c t  t h a t  a summer ant icyclone e x i s t s  over T i b e t  and t h a t  rain8 
occur a t  the  same time seems s t range and c o n t r a d i c t s  t h e  genera l ly  
accepted conoept of an t i cyc lon ic  d r y  and c l e a r  weather. But it i s  
necessary t o  bear i n  mind t h a t  t h e  Tibetan ant icyclone i s  a high One of 
a spec ia l  kind. I t  has been e s t a b l i s h e d  t h a t  t o  t h e  e a s t  of t h e  a n t i -  
cyclone, approximately between meridians 90-95' E., t h e r e  i s  formed a 



deep high trough through which a current  of oold a i r  messes flows from 
~ i b e r i a .  These a i r  masses dr ive  the l o c a l  Tibetan a i r  u p a r d  and thue 
r a ~ i 1 i t a t . e  t h e  formation of p r e c i p i t a t i o n  i n  the northern par t s  oP the  
Tibetan h i g h l w d -  Another deep low (from an e levat ion of 200 t s  5,000- 
8,000 meters) ,  a r i s i n g  t o  the  west of the  anticyclone and s h i f t i n g  a t  
sn elevat ion of 5 kilometers from the t e r r i t o r y  of the  Indo-Gangetic 
p la in  towards Tibet ,  plays an important r o l e  i n  the formation of the 
depression and the  appearance of the  monsoon over India. Due t o  t h i s  
low, i n  t h e  c e n t r a l  and nor thern p a r t  of Tibet  r a the r  moisture-rich 
monsoon a i r  i s  sucked i n  a t  an e levat ion of 5-8 kilometere. Since it 
i s  convectively i n s t a b l e ,  thunderstorm a o t i v i t y  develops i n  t h i s  current ,  
accompanied by abundant p r e c i p i t a t i o n  i n  the form of downpours. They 
bring t h e  main quan t i ty  of moisture t o  Tibet .  The Indian rnonboon 
hardly pene t ra tes  t o  t h e  north of t h e  Kunlun. 

I f  ' 

The processes of cyclogenesis which occur over the  eaetern  'low 
often l ead  t o  t h e  c r e ~ t i o n  of enolosed regions of low pressure i n  south- 
eas tern  Tibet  -- a t  t h e  headweters of the  Yangtze, Mekong., and SaTken. 
These regions of low pressure  i n  t h e i r  t u r n  suck i n  monsoon a i r  from the  
Indian Ocean. According t o  Przhevall akiy' a  obaervatione, the  f a l l  of 
p reo ip i t a t ion  extends t o  the  Tanghla, the f u r t h e r  path of t h e  moisture- 
laden winds being blocked by t h e  high oontinuoue c r e s t  of t h i s  range, 
thus playing a r o l e  as  a c l imat ic  divide between Tibet proper and 
southeastern Tibet .  

G o  N. V i t v i t s k i y  sees  the  reason f o r  t h e  summer ra ins  i n  the  f a c t  
t h a t  t h e  western movement i n  s m e r  s h i f t s  northward, the  Tibetan high- 
land proves t o  be outs ide  i t s  mainstream, and t h e  Indian monsoon begins 
t o  develop. The abundance of p reo ip i t a t ion  in  Ju ly  and August i n  the  
Chinese-Tibetan mountains, i n  h i s  opinion, depends on t h e i r  sa t i s fao-  
to ry  loca t ion  r e l a t i v e  t o  t h e  zone of convergence or  the  t r ade  wind 
f r o n t  (*he . l i n e  of d iv i s ion  between t h e  Indian monsoon and the  north- 
eas te rn  t r a d e  winds of t h e  P a c i f i c  ocean) s h i f t i n g  a t  t h i s  time from 
e a s t  t o  west (1956). 

Tibet  and t h e  whole Tibetan highland a re  a region of almost con- 
s t a n t  winds, i n  p a r t  a t t a i n i n g  storm s t reng tn  with v e l o c i t i e s  of 70-75 
kilometers per hour. The winds blow i n  winter,  spring, and summer 
almost d a i l y  from morning t o  sunset .  The reason f o r  t h i e  i s  t h e  uneven 
heating by t h e  sun of the  surface of the  highland across  whose p la ins  
the a i r  masses can move without r e s t r i c t i o n s ;  t h i s  i s  a l s o  f a c i l i t a t e d  
by the  nearness of t h e  warm Chinese lowlands and t h e  broad de.sei;t basins 
of the  Koshgar and Tsaidam type.  But the  main reason i s  t h e  in tens i -  

f i c a t i o n  of southeastern  movement, and espec ia l ly  the  nearness of the  
j e t  stream. 



The indioated extremes and unevenness of t h e  c l imate  are  &arac- 
t e r i s t i c  f o r  almost a l l  of Tibet  bu t  i n  d i f f e r e n t  p a r t s  of it they appear 
t o  a d i f fe r ing  degree. I n  the  d e s e r t  of t h e  northwest,  the  continent- 
a l i t y v  the  rarefact ion of t h e  a i r ,  and t h e  small  q u a n t i t y  of precigita- 
t ion  are  f e l t  most in tens ive ly ;  t o  t h e  southeagt  t h e  s e v e r i t y  of the 
climate i s  tempered. I n  Southern Tibet ,  i n  t h e  v a l l e y  of the Tsangpo 
and the val leys  of i t s  t r i b u t a r i e s  where e l e v a t i o n  above sea  level  ia 
considerably l e s s  and where, due t o  t h e  presence i n  t h e  Bhutan Hima- 
laya of deep north-south va l l eys  and gaps i n  the  c r e s t ,  t h e  influence 
of the  Indian monsoon i s  more s t rong ly  expressed and c l i m a t i c  condi- 
t ions  are favorable f o r  the  extensive  p r a c t i c e  of a g r i c u l t u r e  and 
gardening. 

Tibet can be roughly divided i n t o  th ree  c l i m a t i c  regions:  
Northern Tibet ,  Southern Tibet ,  and t h e  Southern Slope of t h e  Great 
Himalaya Range. The boundaries between them pass  along t h e  same place 
es the  boundary between t h e  physical-geographic regions  ( see  l a t e r  on). 

Low mean temperatures nre c h a r a c t e r i s t i c  of Northern Tibet  during 
a l l  seasons of the  year ;  t h i s  i s  due t o  g r e a t  e l e v a t i o n  above see level. 
( 'Jith an increase of each 100 meters t h e  temperature drops by approxi- 
mately 0 . 6 ~ ~ )  Even t h e  mean temperatures f o r  June and July ,  a s  oan 
be judged by e x i s t i n g  data ,  a re ,  r e s p e c t i v e l y ,  7-8O i n  a l l  t h e  eastern 
p a ~ t  of Tibet  and 7 and 13O i n  i t s  western  p a r t .  (1t i s  impossible t o  
regard t h e  mean f i g u r e s  c i t e d  as  completely r e f l e c t i n g  r e a l i t y .  I n  
t h e  absence of s t a t i o n  observations of many years  dura t ion  it i s  neoes- 
sary  t o  use observations t aken  en r o u t e  and a t  b e s t ,  short-term s ta t ion 
observations which include severa l  months i n  a l l . )  

Voyeykov considers t h a t  t h e  mean annual temperature of t h e  Chang- 
tang and a l s a  the  mean temperature of t h e  seven xvarmest months i n  the 
Year -- from April  through October -- a r e  lower t h a n  beyond the  Arctic 
cjiroie i n  S i b e r i a  (1895). The mean minimum temperatures a r e  low. men 
In July a mean monthly minimum temperature of -4.Z0 was observed. 

I t  should be mentioned, however, t h a t  a s  a r e s u l t  of t h e  small 
amount of moisture and dus t  present  i n  t h e  a i r  t h e  underlying surface i s  
heated by d i r e c t  s o l a r  r a d i a t i o n  t o  r a t h e r  h igh temperatures,  due t o  
which the  a i r  over t h e  Tibetan highland proves t o  be considerably  warmer 
than i n  t h e  f r e e  atmosphere a t  these  same e l e v a t i o n s .  H, Flohn points 
out t h a t  t h e  temperature a t  l e v e l s  from 5,000 t o  6,000 meters  i n  July 
and August over Tibet  i s  g r e a t e r  than  i n  other  p laces  and t h e  isotherm 
of 0' i s  s i t u a t e d  above 6,000 meters -- something nowhere e l s e  noted a t  
such a high e levat ion.  This circumstance c r e a t e s  r e l a t i v e l y  more favor- 
able condit ions f o r  the  growing of p l a n t s  i n  T ibe t  and consequently, 
a l s o  f o r  t h e  l i f e  of animals. 



t he ~ o r t h  Tibetan summer i s  b r ie f ;  the re  are s t i l l  heavy f reezes  
I n  May and summer r e a l l y  begins i n  June -- although a t  the end of this 
month the  l a rge  lakes  a re  s t i l l  covered with ice. The Bummer end8 i n  
the second half  of  august^ BY t h i s  time the  growing aeason f o r  p lants  
ends find t h e  seeds mature and f a l l  out;  herbivorous animals get  a t h i c k  
undercoating of wool. 

~t the  very he igh t  of summer aharp drops of temperature sometimes 
c c c u ~ .  -- t o  -10 and even -15Oo A t  the  same time, da i ly  temperatures 
f requent ly  a t t a i n  {20° and more, i n  i so la ted  cases /so0, and Captain 
wellby i n  June noted a temperature of e w n  40° i n  the sun. 

Due t o  the  dryness and ra re fac t ion  of the  a i r ,  the  e a r t h ' s  surface 
at night  crools off in tense ly  and the re  are  aummer f r o e t s  a t  n ight ,  and 
even f reezes  a re  a oomon phenomenon. Variations between day and night  
temperatures can reaah a high f igure .  Sometimea i n  June the  daytime 
temperature dropped from /12O i n  the  shade t o  -14.5O a t  night.  The 
same reasons exp la in  t h e  g rea t  difference of temperature i n  the  sun and 
in the  shade. I t  i s  hot  i n  t h e  sun and a man with an uncovered head can 
suf fe r  sunstroke; i n  t h e  shade, however, he i s  penetrated by the  cold 
and h i e  body and ex t remi t i es  grow s t i f f .  

S~muner weather can change during the  course of t h e  day, t h e  warm 
and c l e a r  a i r  can be rep laced  by bad weather, r a i n  and thunderstorms or  
cold weather wi th  a sharp drop i n  temperature t o  a negative f i g u r e  with 
snowfalls and b l i zza rds ,  and a l ayer  of snow several  centimeters deep 
can f a l l  a t  one time. 

Ju ly  and August a re  the  r a i n i e s t  months i n  Northern 'Tibet, but  
even i n  these  months t h e  t o t a l  p r e c i p i t a t i o n  i s  10-25 mill imeters i n  
a l l .  The monsoons reach northwestern Tibet  towards the  end of Ju ly  
and t h e  r a i n s  occur here  l e s s  f requent ly  and l e s s  in tensely;  about 
100 mi l l imete r s  f a l l s  i n  t h e  course of t h e  year. 

A t  t he  end of the  year  the temperature begins t o  drop ra the r  sharply. 
Tinereas i n  t h e  middle of August the  maximum temperature, judging by 
short-range observat ions  of individual  explorers ,  was /200, a t  the  end 
of t h i s  month, a t  t h e  beginning of September, it dropped t o  /lo0 with 
a minimum as  low a s  -10'. 

The weather improves as f a l l  approaches. The f a l l  i s  the  bes t  
season of t h e  year  i n  t h e  whole highland. The weather remains c l e a r  and 
dry, winds a r e  r a r e ,  and t h e  temperature i s  r e l a t i v e l y  even.  e evert he- 
l ess  i n  1879 Przheval ' skiy  observed t e n  stormy days, t h e  same number 
as occurred i n  November. I n  December he noted 14 days with strong 
w-inds.) I n  t h i s  season, and a l s o  p a r t l y  i n  t h e  winter,  t h e  contours of 
d i s t a n t  o b j e c t s  become c l e a r  due t o  t h e  dryness and transparency of the  



atnosphere ; the  ob jec t s  themselves aeem considerably  o lose r  than they 
are  i n  r e a l i t y ;  the horizon seemingly moves off i n t o  t h e  distance;  the 
night  sky becomes deep, t h e  s t a r s  spark le  b r i g h t l y  and t h e  planets on 
the dark background of the  sky shine wi th  a s p e o i a l  and unusual lunines. 
cence. 

In the  course of the  f a l l  t h e r e  a r e  almost oonstant  f r o s t s .  I n  
October i n  the  eas tern ,  c e n t r a l  and western p a r t s  of Northern Tibet haw 
been recorded suoh low temperatures aa -23, -25, and -2g0, and i n  Novem- 
ber, -33.5O. A t  t he  same time Przheva l l sk iy  observed p o s i t i v e  tempera- 
tu res  by day; /8.2O i n  October and f6.z0 i n  November. Winter snow 
f a l l s  by the  middle of October. 

The f a l l  and a l s o  t h e  win te r  and s p r i n g  seasons a r e  dist inguished 
by an except ional ly  g r e a t  dryness of t h e  a i r .  Broad swamps, forming 
a t  the t h e  of t h e  summer ra ins ,  d r y  up almost everywhere i n  the  f a l l  
and the s o i l  cover becomes highly  dess ioated.  The g rass  d r i e s  out t o  
such an e x t e n t  t h a t  it crumbles i f  t r o d  upon and animals do no t  chew it 
but l i c k  a t  it with t h e i r  tongues. The dessication of t h e  s o i l  cover 
during the  f a l l  months i s  expressed i n  t h e  most negat ive  way on the  
development of vegeta t ion i n  t h e  springtime. In  add i t ion ,  the  roots  of 
p lan t s  a re  exposed wi th  t h e  d e s s i c a t i o n  of t h e  s o i l  and t h i s  a l s o  exer- 
c i s e s  a des t ruc t ive  inf luence on them. Snow f a l l i n g  i n  October heralds 
the  rapid  approach of winter .  The temperatures become low. According 
t o  Fan S in- l in  (1954) t h e  mean temperatures i n  Northern T ibe t  i n  
December-February amount t o  -14, -15O. Minimum temperatures drop t o  
-30' and below. I n  northwestern T i b e t  minima as  low a s  -39.4O have 
been recorded. 

Winter p r e c i p i t a t i o n  i s  ev iden t ly  i n s i g n i f i c a n t .  Przheval ' skiy  
wr i t es  t h a t  even i n  years of heavy snows i n  T ibe t  on ly  occasional ly  does 
a th icker  cover f a l l  than  t h e  usual (15-30 cen t imete r s )  and it remains 
along the  va l l eys  f o r  only a few days. A l a r g e  p a r t  r a p i d l y  evaporates 
under the  g r e a t  dryness of a i r  e x i s t i n g  i n  Tibet  and another  p a r t  i s  
swept away from t h e  l e v e l  open expanses and i n t o  t h e  depress ions  by the  
windso This circumstance makes poss ib le  t h e  e x i s t e n c e  of t h e  numerous 
hoofed animals of t h e  highland who can f r e e l y  g e t  t o  t h e  food underfoot. 
But due t o  t h e  absence of an adequate and s t a b l e  snow cover which can 
s u p ~ l y  t h e  s o i l  wi th  moisture during s p r i n g  thawing, t h e r e  a r e  addi- 
t i o n a l  unfavorable condi t ions  hinder ing t h e  development of vegeta t ion.  

From the  middle of winter  s t rong  winds begin t o  blow more frequently 
on the  highland, p r imar i ly  wes te r ly  winds, but t h e r e  i s  d e f l e c t i o n  t o  
the  nor th  and t o  t h e  south. The s t r e n g t h  of t h e  storm i s  except ional ly  
great :  olouds of dus t  and sand f i l l  t h e  a i r  and winds sometimes sweep 
up f i n e  gravel.  They a t t a i n  maximum f o r c e  a t  an e l e v a t i o n  of 4,500 t o  



5,500 meters. With t h e  s t rong  Tibetan f r o s t a  t h e  winds c o n s t i t u t e  a 
rea l  calamity, threatening wi th  destruction o r  heavy f r o s t b i t e  anyone 
who does n o t  succeed in s h e l t e r i n g  himself from them. 

Spring, e s p e c i a l l y  i n  the  northern and western regions of Tibet ,  
comes l a t e ,  and t h e  snow begins t o  thaw only i n  t h e  beginning of May. 
 he spr ing i s  co ld  and the  temperatures r i g h t  up t o  J u l y  f a l l  helm 00 

a t  night.  Sometimes considerable f r o s t s  occur. The r i v e r s  a r e  f reed  
from i c e  only i n  April .  A t  t h e  beginning of spr ing when the  j e t  stream 
~ h i f t s  northward, the  winds i n t e n s i f y ,  blowing u n t i l  May o r  e m n  June. 
r e s t  winds predominate, t h e  same as  i n  winter .  

L i t t l e  p r e c i p i t a t i o n  f a l l s  i n  the  sp r ing t ine .  Constant,' often 
heavy n igh t  f r o s t s ,  continuing t h e  dess icn t ion  of t h e  s o i l  under the  
influence of t h e  in tens i fy ing  winds, and the  very g rea t  dryness of t h e  
a i r ,  causing a high discharge of moisture from p lan t s ,  c r e a t e  severe 
condit ions f o r  t h e  g e m i n a t i o n  and flowering of p lan t s .  

Sinoe t h e  l o c a l  r e l i e f  i n  Northern Tibet  a t t a i n s  several  hundreds 
af meters and even 1,000 meters and more, then,  na tu ra l ly ,  g r e a t  v e r t i -  
c a l  d i f fe rences  appear i n  t h e  climate. 1Iu Shen-su (1953) s p e c i f i e s  
several  v e r t i c a l  c l imat ic  zones f o r  the  Tibetan highland, of which t h e  
following a r e  c h a r a c t e r i s t i c  f o r  Northern Tibet .  

High mountain olimate. This cl imate i s  t y p i c a l  of regionr  whioh 
are s i t u a t e d  from 5,000 meters and more t o  the  snow l i n e ,  which i s  
s i tua ted  a t  an average e leva t ion  of 5,800 metere above sea l eve l .  The 
mean annual temperature i s  always below O0 and p r e c i p i t a t i o n  f a l l s  
predominantly i n  a s o l i d  form. The vegeta t ion develops under extremely 
unfavorable temperature condi t ione;  the re fore  only f r o s t - r e s i s t a n t  
types wi th  a s h o r t  growing season survive.  

The climate of regions  s i t u a t e d  a t  an e leva t ion  of 5,030 t o  3,900 
meters and occupying a l a r g e  p a r t  of t h e  highland i s  c a l l e d  a cl imate of 
high mountain steppes.  The f r o s t  period i s  a l s o  long here  but the  mean 
annual temperature i s  above O0 and i n  several  regions even reaches 5O. 
Here grow predominantly Tibetan sedge and i n  t h e  badly drained places  -- 
swamp p l a n t s  ( ~ l e o h a r i s ) .  In  t h i s  a l t i t u d i n a l  zone t h e r e  a re  summer 
and winter pas tures .  Besides grassy vegeta t ion small bushes and dwarf 
f i r  t r e e s  grow on t h e  moist  and cold slopes of t h e  mountains, and i n  
some places  t h e  population i s  even engaged i n  agr icu l tu re .  

Above Hu Shen-suts high mountain region it i s  a l s o  poss ible  t o  
d i s t ingu i sh  a g l a c i a l  c l imate  -- 8 l i f e l e s s  zone where it i s  poss ible  t o  
encounter nothing more than individual  p lan t s  h iding i n  f i s s u r e s  of 
c l i f f s  o r  i n  o ther  she l t e red  places.  The zone of g l a c i a l  cl imate occu- 
pies  t h e  h ighes t  c r e s t s  of the  mountain ranges occupied by e t e r n a l  snows. 



;)espite the  g rea t  absolute  e l e v a t i o n  of t h e  t e r r i t o r y  of Northern 
Tibet i n  comparison with t h e  Eas te rn  Pamirs, i t s  c l imate  as a hole i, 
more favorable than t h a t  of the  Eastern  L'mirs, wi th  the  possible excep- 
t i o n  of the regions t o  tile nor th  of 35' This i s  due f i r s t  t o  the 
large amount of p r e c i p i t a t i o n  f a l l i n g -  3 e l a t i v e l y  b e t t e r  cl imatic can- 
di t ions  a r e  confirmed, as w i l l  be seen from what follows, by the vegetam 
t ion  cover: i n  a considerable a r e a  of Northern Tibot  t h e r e  i s  a semi- 
dese r t  o r  even a steppe vegeta t ion and s c a t t e r e d  spo t s  of agriculture; 
the g r e ~ t  number of wild animals i n  t h e  a r e a  a l s o  g ives  evidence of 
t h i s .  

The olimate i n  Southern T ibe t  i s  considerably  mi lder  than i n  North. 
ern  Tibet, and i t s  c o n t i n e n t a l i t y  and s e v e r i t y  decrease  from west to 
eas t .  This i s  explained i n  the following manner: f i r s t ,  Southern 
Tibet i s  protected by t h e  mountain ranges of t h e  Transhimalaya from the 
cold nor thern winds blowing from t h e  highland; seoond, t h e r e  are  broad 
surfaces of p la ins  he re ,  and wide v a l l e y s  and intermontane depressions 
with l e  s s e r  absolute depressions t h a n  i n  Northern T ibe t  and consequently 
higher temperatures; t h i r d ,  i n  t h e  e a s t e r n  p a r t  of Southern Tibet the 
c r e s t s  of the  Rimalayan ranges have deep i;aps through which moist a i r  
masses penetra te  from Ind ia .  

A t  the  same time, i n  t h e  c l imates  of both p a r t 0  of Tibet  there  i s  a 
g rea t  deal  i n  common. Thus, i n  Southern T ibe t  a t  e l e v a t i o n s  grenter 
than 3,900 meters it i s  poss ib le  t o  d e l i n e a t e  t h r e e  v e r t i o a l  cl imatic 
zones s imi la r  t o  those t h a t  have been dencribed f o r  Northern Tibet. 
Southern Tibet  i s  a l s o  charac te r ized  by extre'iiely low 3trnoepheric 
humidity, e s p e c i a l l y  i n  the  f n l l ,  wintor  and spr ing.  As on t h e  huge 
North Tibetan pla teau,  the  population of Southorn Tibet  s u f f e r s  from 
craclcing of t h e  face ,  hands, and l i p s  and t h e  f i n g e r n a i l s  d r y  3ut and 
break; wooden s t r u c t u r e s  d e t e r i o r a t e  prematurely. Many inhab i tan t s  
preserve p i l l a r s  and doors of s t r u c t u r e s  by wrapping them with  f e l t .  

F ina l ly ,  s t rong winds a re  s t i l l  another oomnon f e a t u r e  of the  c l i -  
mate of both p a r t s  of Tibet .  I n  Southern Tibet  t h e y  blow pr imar i ly  i n  
the  spr ing and winter  and most comnonly i n  t h e  western  and c e n t r a l  
regions. 

The members of the  B r i t i s h  m i 1 i t a . r ~  exped i t ion  observed tine winds 
in  December 1904 and January 1935 a t  Tun and Gyangtse. The fo rce  of the 
wind was so  rea at t h a t  no one dared t r ,  ao out or" doors.  Ii. J a r r e r  noted - " 
s t rong winds blowing i n  Lhasa d a i l y  a f t e r  !nidday dur ing 1;Iarch and April 
(1947) . 



Blowing the  snow cover from the  f i e l d s ,  the  winds can i n f l i c t  
great  damage on farmers. I n  order t o  avoid t h i s ,  t h e  peasaute use a 
simple and c lever  method -- they flood the f i e l d s  wi th  water. m e n  
the water f reezes  the  S o i l  i s  covered wi th  an armor of i c e  end thereby 
safeguards it from wind erosion.  

In comparison wi th  northern r e g i ~ n s ,  t h e  cl imate of Southern Tibet  
i s  d is t inguished by temperateness. The summer i s  warm and moist. The 
winter i s  dry  with l i t t l e  snow, although, f o r  example, t h e  Br i t i ah  
m i l i t a r y  expedi t ion i n  the  winter  of 1904-1905 observed a snow cover 
with a th ickness  of 20-30 cent imeters  a t  Shigs tse ,  and t h i s  c o w r  was 
accumulated during f i v e  o r  s i x  snowfalls .  

The winter  i s  mild. Tho large  r i v e r s  do n ~ t  f reeze  every winter  
and when t h e y  do it i s  f o r  two or  t h r e e  vreeks only;  only i n  a few years 
i s  the  durat ion of the  i c e  cover longer. (1n t h e  winter  of 1864-1865 
the Dzichu River near Lhasa was ice-locked f o r  s i x  weeks.) 

Spring makes i t s e l f  f e l t  i n  February. With i t s  a r r i v a l  t h e  winda 
begin t o  blow systemat ical ly .  Although spr ing  i a  cool,  i t  i s  ~ n i l d :  i n  
the eas te rn  p a r t  of Southern Tibet  the  buds begin t o  open up by t h e  end 
of ::arch. Farmers c u l t i v a t e  the  f i e l d s  a t  tile beginning of April .  I n  
the niddle  of t h e  month green sprouts  show everywhere a t  a l t i t u d e s  up t o  
4,250 meters. I n  April ,  May, and the  beginning of June t h e  a rea  i s  
character ized by g r e a t  dryness and i s  s t r i k i n g  i n  i t s  p u r i t y  and t r a n s -  
parency. 

I n  the  western p a r t  of Southern Tibet  t h e  cl imate i a  d r i e r  and 
more severe. I n  the  region of Lake izanasarowar it al ready is  but l i t t l e  
dis t inguished from t h a t  of Northern Tibet  end a l a rge  p a r t  of t h e  r i v e r s  
freeze t o  t h e  bottom during t h e  winter.  

I n  Southern T ibe t  below 3,900 meters, according t o  iIu Shen-su, it 
i s  poss ible  t o  d e l i n e a t e  two c l i m ~ t i c  zones. 

The a r i d  cl imate of r i v e r  va l l eys ,  having e leva t ions  of from 3,900 
t o  3,000 meters and sub jec t  t o  the  inf luence of t h e  monsoon. The annual 
amount of p r e c i p i t a t i o n  i s  400-600 !ni l l imeters ;  i n  individual  years ,  
however, when t h e  monsoons are  s t rong,  t h e  p r e c i p i t a t i o n  may be 
times g ree te r .  

A large  p a r t  of the  p r e c i p i t a t i o n  f a l l s  i n  the  form of down?ours. 
A considerable p a r t  r a p i d l y  e ~ a p o r a t e s ;  another pa r t ,  a l s o  considerable,  
flows r a p i d l y  along t h e  s lopes  of t h e  mountains and val leys .  Thus, i n  



the  long run, t h e  vege ta t ion  s u f f e r s  from an i n ~ d e q u a c y  of moisturei 
t h i s  i s  even more i n t e n s i f i e d  by t h e  f a c t  t h a t  g e n e r a l l y  l i t t l e  pre- 
c i p i t a t i o n  f a l l s  i n  spr ing.  I r t i f ' i c i a l  i r r i g a t i o n  i s  necessary for 
the successful  p r a c t i c e  of a g r i c u l t u r e .  

One can judge the  a r i d i t y  of t h e  c l ims te  i n  t h e  r i v e r  valleya by 
the f i g u r e s  f o r  Lhasa, l~hose  c l imate  has  been t h e  b e s t  studied.  (In 
1934, the  Chinese National I n s t i t u t e  of 2eteorology opened a  meteoro- 
log ica l  s t a t i o n  i n  Lhasa a t  an e l e v n t i o n  of 3,732 meters.)  Acquaint- 
ance wi th  the  c l imate  of Lhnsa i s  e s p e c i a l l y  i n t e r e s t i n g  because it8 
val ley and those  of t h e  Nyangchu, Y ~ r l u n g  end o t h e r s  resembling it in 
i t s  n a t u r a l  condi t ions  a r e  t h e  main economic c e n t e r s  of Tibet. 

The temperature c m d i t i o n s  of Lhnsa a r e  d i s t ingu i shed  by &reat 
te.nporateness. Cmt i l3n ta l i ty ,  d e s p i t e  i 1;s yeogrsphic posi t ion in the 
depths of the  cont inent ,  i s  r e l a t i v e l y  l.vealc. 3ur ing  f o u r  years (1935- 
1938) t h e  absolute  maxirnun temperature was 428.70 and t h e  absolute 
ninimurn was -14.3O, the  d a i l y  range of' va lues  everaged 14'. The winter 
i s  warm. The number of days wi th  win te r  f r o s t s  i s  nbout 150. In  winter 
a  minimum of r e l a t i v e  hun id i ty  i s  observed. A secondary maximum i s  
observed i n  March and Apr i l ;  t h i s  i s  caused by an i n t e n s i f i c a t i o n  of the 
v e r t i c a l  movement of a i r  under the  in f luence  of i n t e n s i f y i n g  insolation, 
The win te r  i s  dry;  the re  i s  almost no p r e c i 2 i t a t i o n ,  and the re  i s ,  there- 
f o r e ,  a  s t r i k i n g  c o n t r a s t  between t h e  abundance of g r e c i p i t a t i o n  i n  the 
s m n e r ,  which i s  associa ted wi th  t h e  monsoon chnrac te r  of t h e  climate and 
the  absence of p r e c i p i t a t i o n  i n  winter .   an S i n - l i n ,  1954, notes that 
90 ,! of the  p r e c i p i t a t i o n  f a l l s  i n  t h e  sunncr.)  :;Tanning i s  observed 
e a r l y  and plum t r e e s  flower a t  t h e  beginning of Apr i l .  The highest 
tenperatures  a re  i n  June; l a t e r  they drop s ince  t h e  r a i n s  begin and part 
of the  warmth i s  consumed i n  evapors.l;ion. A t  t h e  shne time a  minilnum of 
atmospheric pressure  i s  observed. 

I n  con t ras t  t o  Tiorthorn Tibet  where the  w i n t e r s  a r e  long and frosts 
a re  common i n  summer, the  f r o s t  f r e e  per igd i n  Lhasa extends from June 
through September. '?finds a re  l e s s  common i n  Lhasa. Of the  t o t a l  number 
of observations,  49 ,.; showed a  cnlm. 

Also, aocordir~g t o  iIu Shen-su, one can d e l i n e a t e  a  c l imate  of 
fores ted regions.  S t r i c t l y  speaking, t h i s  c l imate  i s  t y p i c a l  f o r  the 
East  Tibetan region of Kam -- t h e  canyons of t h e  Yangtze, Mekong and 
Salween, end i n  Tibet  proper it i s  found i n  only a  very small  eastern 
p a r t  of t h e  Tsangpo va l l ey ,  t h e  va l l eys  of i t s  t r i b u t a r i e s ,  and some 
other  r i v e r s  t h a t  a re  subject  t o  considerable  inf luence from t h e  Indian 
monsoons. The climate here i s  moist and ternperate. F o r e s t s  grow along 
the  r i v e r s  and t h e  slopes of t h e  narrow v a l l e y s  and canyons ; i n  the  
broad va l l eys  t h e  f o r e s t  p r e f e r s  the  nor thern,  cooler  s lopes .  Above the 
f o r e s t s  and on the southern s lopes  of t h e  broad v a l l e y s  h i c h  have high 
temperatures and higher evapors t ion a r e  found t h i c k e t s  of brush and 
steppe grasses.  



The c l imate  of the  southern slope of t h e  Himalaya is  i n  sharp 
t o  the  c l imate  of Northern and Southern Tibet. \Ye have sepa- 

rated it a s  an independent phyeical-geographic region of Tibet  -- t h e  
region of rlenfyuy. The most t y p i c a l  f ea tu res  of the  Tibetan p a r t  of the  
southern elope of t h e  Himalaya a re  ~ b s e r v e d  i n  s o u t h e ~ s t e r n  Menfyuy, 
i n  Mon-yul. The c l imat ic  c i ra rac te r i s t i c s  of ;Jon-yul a re  determined by 

posi t ion,  orography and, l a s t l y ,  by i t s  poai t ion on the  route  
of the  n o i s t  Indian a i r  masses moving t o  the  north.  

The southern boundary of t h e  Monfyul passes along the  f o o t  of the  
aimalaya a t  an e l e v a t i o n  of 200 meters above sea l e v e l  a t  the  place h e r e  
there i s  a t r a n s i t i o n  between i t s  f o o t h i l l s  and the  Uindustan Lowland, 
and the nor thern boundary l i e s  along t h e  t r a n s i t i o n  t o  t h e  high mountain 
zone. As a r e s u l t  of t h i s ,  i n  the  Xon-yul the re  i s  a sharply expressed 
c l imat ic  z o n a l i t y  by e leva t ion .  The lower pnr t  of the Himalaya i s  i n  
the zone of t r o p i c a l  climate. As you go up i n t o  the  mountains a t  an 
e levat ion of 900-1,000 meters,  the  t r o p i c a l  cl imate i s  replaced by a 
subtropical  c l imate  which above 2,000 a e t e r s  changes i n t o  a temperste 
olimate: a t  an e leva t ion  of 3,700 meters t h e  tempernte olimate becomes 
a high mountain c l imate  and fu r thur  up y e t  -- a climate of e t e r n a l  
cold. 

Due t o  the  f a c t  t h a t  the  ilon-yul i s  or iented t o  the  south, it i s  
e n t i r e l y  subjected t o  t h e  Indian monsoon from t h e  end of May t o  the  
middle of December. A t  t he  same time it i s  influenced by winds of 
cont inenta l  o r ig in .  As a r e s u l t ,  two sharply expressed periods a re  
observed i n  the  Mon-yul: a d ry  and a wet. The dry period i s  aseocia ted 
with the  dry nor theas t  monsoon -- with winds of con t inen ta l  o r i g i n  and a 
wet period,  a ssoc ia ted  wi th  t h e  southwest lnonaoon -- with winds of 
oceanic o r i g i n .  In  i t s  turn,  t h e  nor theas t  monsoon h ~ e  two periods -- 
one of r e l a t i v e l y  low temperatures and t h e  other ,  the  growing season, 
with high tempere.tures. 

Tne wet monsoon i s  a l s o  divided i n t o  two periods:  the  f i r s t  -- 
from June through September -- a pcriod of continuous r ~ i n s  f a l l i n g  i n  
a l l  p a r t s  of Ind ia ;  a second psriod -- from October through Oeoember -- 
character ized by a s h i f t i n g  o r  t h e  r a i n s  t o  the south ( A .  E .  Snesarev, 
1926). 

Let us use a t a b l e  borrowed from Snesarevls mate r ia l s  showing t h e  
d i s t r i b u t i o n  of p r e c i p i t a t i o n  ( i n  mil l imeters)  i n  the e a s t e r n  p a r t  of 
the Himalaya and t h e  Himalaya f o o t h i l l s  (1926, page 158). 



Cold Hot : o i s t  Cool ~ r y  ::et k u a l  
period psriod period pariod pcr iod per iod t o t a l  

( j a n - ~ e b )  (!lar-lhy) ( ~ u n - ~ c t  ) (20~- l l ac  ) (   an-. lay) ( ~ u l - d e c  ) 

Pariod of the  north- Period of the  south- - tor thenst  South-qiest 
e a s t  monsoon p e s t  monsoon l ~ ~ n ~ o o n  monsoon 

Ee note t n a t  the  mountain slopcs up t o  2,390 meters i n  elevation 
are  dist inguished bj- maximum wetness, s ince  t h e  q u a n t i t y  of precipita-  
t i o n  increases up t o  t h i s  l e v e l ;  above 2,300 meters t h e  quan t i ty  of 
p rec ip i t a t ion  begins t o  drop o f f .  

I n  the zone of temperate c l imate  of ;!lenlpy winter  precipi tn t ion 
evident ly  f a l l s  predominantly i n  a s o l i d  form and of ten  r n t h e r  abun- 
dantly.  Heinrich Harrer observed an abundant snowfall  i n  the  mountain8 
t o  the  nor th  of Dzhirong i n  January 1947. However, t h e  snow thawed 
rapidly.  

HYDROGRAPHY 

The Tibetan highland i s  known as  a nountainous country  i n  which the 
sources of such Asian r i v e r s  a s  the drvang-ho, the  Ymgtze,  the  Xekong, 
the  Salween, the  Indus and the  Brahmaputra a r e  located.  I t  i s  str iking,  
however, t h a t  i n  Tibet  proper the re  i s  an imnense a r e a  of i n t e r n a l  
drainage. ALnost a l l  of Northern Tibet ,  bounded on t h e  south  by the 
Kailas and !Jyenchen-Tangnla Ranges, and bounded on t h e  nor th  by the 
Kumlun i s ,  as it were, blocked o f f  from t h e  world ocean by these  high 
rnountain caains and forms an a rea  of i n t e r n a l  d r a i n a ~ e  c o n s i s t i n g  of 
i s o l a t e d  enclosed b ~ s i n s  s i t u a t e d  a t  v n r i m s  l e v e l s .  The r i v e r  system 
o r  the area  of i n t e r n a l  drainage hns developed weakly as  a r e s u l t  of 
I;J e eological  youtn of the  u,land and t h e  small  amount of p rec ip i t a -  
li 311, b u t  t f le abo re- nentionod r i v e r s  r i s e  on i t s  p r i p h e r y  and have s t i l l  
l o t  silcceeded i n  including t h i s  t e r r i t o r y  i n  t h e i r  tremendous and multi- 
branched drainage network. But t h a t  moment i s  n o t  f a r  off - -  some 
per ipheral  regions of the  area  of i n t e r n a l  drainage w i l l  g radua l ly  be 
includcd i n  the bas ins  of t h e  l a rge  r i v e r s  and t h e  a r e a  of i n t e r n a l  
drainage w i l l  decrease i n  s i z e .  Thus, one of t h e  sources  of t h e  Yangtze, 
the Chumar River, has a l ready approached r i g h t  up t o  t h e  chain of lakes 
between the  ICunlun and the  dunbure Ranges. The watershed, two dozen 
kilometers wide, w i l l  soon be overcome by the  regress ive  eros ion of the 
r i v e r  and the  most eas te rn  of t h e  lakes of t h i s  chain w i l l  d i s c h ~ r g e  
i t s  waters i n t o  t h e  Yangtze. Perhaps t h e  Salween i s  s t i l l  more rapidly 
making i t s  way toward the  area  of i n t e r n a l  dreinege.  The sources of 
t h i s  r i v e r  have already captured t h e  southeastern  p s r t  of Northern Tibet 
and are  now s i t u a t e d  c lose  t o  t h e  l a r g e s t  i iorthern Tibet  group of l ~ k e s *  



Southern 'Tibet, i n  c o n t r a s t  t o  Northern Tibet ,  hns d r ~ i q ~ g e  t~ the 
outside.  I t  i s  drnined by t h e  Srahmaputra mid i t s  nunerquc, t r i b u t = r i s s ,  
the :ndus with i t s  lerge  t r i b u t a r y ,  the Sut le  j, and severa l  t r i b u t q r i e s  
,f the Ganges. These flovr i n t o  \;he Indian dcean. 'I'ne r i v e r  s y s t i . : ~  of 
Soutlleril Tibet  i s  dense and h ~ a  deeply dicsected the  m 3 u n t ~ i n  c i~ei l l s  of 
the dimalaya and Trar~snimnlnia. 

kiorthern and Southern Tibet  d i f f e r  from one anather i n  the  ty,e 
of t h e i r  hydrographic systefn, type of va l l eys  and tho feeding of  t h e  
r ive rs .  llut t h e r e  e re  a l s o  R number of C e ~ t u r e s  i n  cor!lnm. Thus, f.sr 
exaxgle, i n  both regions t h e  water l e v e l  sharply  v ~ r i e s  sensonally. 
The rnaximu~n disoharge of water occurs i n  Ju ly  and August when the rriins 
occur and the  maximum temperatures a re  observed -- thus  c ~ u s i n g  R 5-trong 
thawing of snow and i ce  i n  the  mountains. Both regions have tv:o high- 
water s tages .  The f i r s t  occurs a t  the  beginning of t h e  su:!lrl\ar :.;hen 
there i s  a  melt ing of t h e  snow s to red  up i n  t h e  niountains and h o l l o ~ s ;  
the second begins with t h e  period of thawing of t h e  mountain g l ~ . o i e r s  
i n  the middle of sunner. The second high water period coincides ?trith 
the monsoon and, AS it  were, i s  inasked by r a i n  :\rater. There i s  ~ l s 3  a 
great  s i m i l a r i t y  i n  the  regime of tne small and medium s ized  s t r e m s ;  
they have g ren t  v a r i a t i m s  i n  l e v e l  not  only s ~ a s o n a l l y  but a l s o  d iu r -  
nal ly .  \Then t h e  d a i l y  temperatures reach the  maximum ~ n d  t h e  thawing of 
the snovrs and i c e  i n  the moun-tains i s  ~t the maximurn, the  water in  the 
small streams inc reases  r e p i d l y  and i n  the  second h a l f  of the  d?] s t t a i n s  
i t s  maximm l e v e l .  A t  n igh t ,  however, the  l e v e l  drops down and b4 :I:orn- 
ing i s  a t  i t s  lowest. A s  a r e s u l t  of t h i s ,  t h e  same r i v e r  can be fordad 
i n  the  xorning and i n  the  e a r l y  p a r t  of the  day, but a f t e r  noon it 
already c a r r i e s  a  l a r g e  and tu rbu len t  f low and does no t  ? e r a i t  fording.  
(The l o c a l  i n h a b i t a n t s  usua l ly  fo rd  t h e  s t r e a m  i n  the  morning o r  n t  
night  when even such r e l a t i v e l y  l a rge  r i v e r s  i n  IJortllern Tibet  r?s tllt 
dzichu-Tsangpo, Bog-Tsangpa and duptsang-Tsangp~ a re  passable.  ) Bapid 
r i s e s  and f a l l s  of t h e  v:qter nre more no t iceab le  i r 1  Xorthern Tibet  where 
there  a-re no f o r e s t s  and the  grass  ccrver i n  places  i s  v e r l  t h i n  a r  C3l!l- 

? l e t e l y  absent .  ( ~ h s r ?  v a r i a t i o n s  of l e v e l  during the  course of t i e  
day a re  no t  observed o r  a r e  sca rce ly  noted i n  such large  r i v e r s  of 
Southern T ibe t  a s  t h e  Tsangpo which have a  g r e s t  length ,  l a rge  bnsias  
and s g r e a t  number of' t r i b u t a r i e s ,  the  l a t t e r  f requen t ly  with s e w r ~ l  
d i f fe rences  i n  feeding regime. ) 

The r i v e r s  of Horthern Tibet .  The s p e c i a l  f e a t u r e s  3f the  hydro- 
graphy of Northern Tibet  c o n s i s t  i n  t h e  f a c t  t h a t  the  r i v e r  sys ten  does 
not  have a  f i x e d  p a t t e r n  and t h ~ t  the  d i r e c t i o n  of the  flow of t h e  
r i v e r s  i s  o f t e n  opposi te  t o  t h a t  of o ther  r i v e r s  i n  t h e  s m e  we*.  This 
c m  be e r2 la ined  f i r s t  bh t h e  f a c t  t h a t  t h e r e  a re  a  g r e ~ t  number of loca l  



base l eve l s ,  those  of l akes  s i t u a t e d  a t  va r ious  hyposmetric l eve la ;  
secondly, by t h e  formation of r everse  s lopes  i n  an a rea  due t o  obstruc- 
t i o n s  formed by s i l l s ,  something g e n e r a l l y  c h a r a c t e r i s t i c  of desert- 
mountain areas .  

I n  Northern Tibet  t h e r e  a r e  mountain r i v e r s  and m o ~ n t a i n - p l ~ i ~ ~  
r i v e r s .  The f i r s t  type of flow i s  through a  mountainous nrea the ent i re  
d is tance  from t h e  sources t o  t h e  mouth. The second type  a l s o  usually 
begins i n  the  mounteins. I n  t h e i r  upper por t ions  they  have the Rppefir- 
ance of mountain streams -- a  s t e e p l y - f a l l i n g  rocky bed, canyon-like 
va l l eys  and a  t u r b u l e n t  flow. But then  t h e s e  r i v e r s  d i s c h ~ r g e  onto the  
f l a t  surface of highland p l ~ i n s  and flow p l a c i d l y  a long a  r e la t ive ly  
gen t l e  bed. More o f t e n  than not  t h e i r  course i s  through s t r a t a  of con- 
t i n e n t a l  or  anc ien t  lake d e p o s i t s  which have f i l l e d  intermontane nreas, 
Some r i v e r  cu r ren t s  have excavated deep canyon-like v a l l e y s  i n  these 
s t r a t a .  

The r i v e r s  of Northern T ibe t  can be c l a s s i f i e d  a s  the  type fed by 
snows and g l a c i e r s  al though p r e c i p i t a t i o n  and ground water  have a  certain 
s ignif icance  i n  t h e i r  flow. I n  many cases ,  a s  i s  t r u e  f o r  the  Eastern 
Pamirs, the  r i v e r s  f e d  by the  melted waters  of  t h e  h igh mountain snows 
and g l a c i e r s  dry  up completely i n  the  f a l l .  

In winter  t h e  r i v e r s  of Northern Tibet ,  wi th  r a r e  exceptions,  
f r eeze  t o  the  bottom and t h e  sp r ing  and ground water  e n t e r i n g  them comes 
out  on the  surface  of the  i c e ,  forming broad l a y e r s  of  i c e .  

The g r e a t e r  p a r t  of t h e  p r e c i p i t a t i o n  i n  Northern Tibet  comes in t h e  
summer months. A t  t he  same time, t h e  runoff  i n  t h e  r i v e r s  rsaches a  
maximum, coning both from thaw water and r a i n  water .  The runoff 
increases  from n o r t h  t o  south  and reaches a  maximum i n  t h e  Transhimalaya, 
t o  the  south of 32O N., where t h e  in f luence  of t h e  Ind ian  monsoons 
becomes g r e a t e r ,  the  q u ~ n t i t y  of p r e c i p i t a t i o n  i n c r e a s e s  and snow 
accumulation and t h e  formation of i c e  i n  t h e  mountains i s  more intense- 

Northern Tibet  i s  s d e s e r t  region wi th  low runoff and a  low mean 
modulus of runoff .  Runoff i s  e s p e c i a l l y  low i n  t h e  c e n t e r  of t h e  Chang- 
tang where about 100 mi l l ime te r s  of  p r e c i p i t a t i o n  f a l l s  annual ly  and the 
modulus of runoff i s  approximately 3.2 l i t e r s  per  second pe r  square 
kilometer.  I n  t h e  eas te rn ,  western and southern  p a r t s  of t h e  Changtang 
the  amount of p r e c i p i t a t i o n  inc reases  t o  200 n i l l i m e t e r s ,  and i n  the 
southern p a r t  of t h e  Transhimalaya -- up t o  300 rni l l imeters  i The 
moduli of runoff a r e ,  r e spec t ive ly ,  up t o  6.3 and 9.5 l i t e r s  per  second 
per square k i lometer .  



~ l t h o u g h  computatione of t h e  mean moduli of runoff a e r e  made 
taking evaporation i n t o  considerat ion,  i f  you com2are these 

moduli with those  i n  t h e  Eastern  Pamirs, t h e r e  i s  reason t o  bel ieve 
tha t  they a r e  very c lose  t o  r e a l i t y .  The mean moduli of runoff in t h e  
Eastern Pamirs ( see  Sketches on the  Hydrography of Rivers in the  USSR 
[Ocherki po g i d r o g r a f i i  rek  SSSR], Publiehing douee of the  Academy 
of Sciences of t h e  USSR, 1953) i s  almost a complete analogue of Tibet  
-- 2 l i t e r s  per second per  square kilometer and does no t  exceed 5 
l i t e r s  per second per square kilometer.  Somewhat l a r g e r  moduli of 
runoff f o r  9or thern Tibet  can be explained f i r s t  by t h e  f a c t  t h a t  i t s  
climate as  a whole i s  mois ter  than t h a t  of the  Eastern  Pamirs and 
secondly by t h e  f a o t  t h a t  computations of the  moduli of runoff f o r  Tibet  
were made, a s  a l ready  pointed out,  without taking evaporation i n t o  con- 
s idera t ion.  

The most s i g n i f i c a n t  r i v e r s  of Northern Tibet ,  a t t a i n i n g  200-330 
kilometers i n  length ,  a r e  s i t u a t e d  i n  the  Transhimalaya, t o  w i t :  
Dzichu-Tsangpo, Tichu wi th  i t s  t r i b u t a r y  the  Ngang, Targo-Tsmgpo, 
Tagra, Paro Tsangpo and Genmar. (The l a r g e s t  of them, t h e  Dzichu- 
Tsangpo, has a l eng th  of 300 kilometers.  Four of i t s  upper t r i b u t a r i e s  
r i s e  from g l a c i e r s  on t h e  southern s lopes  of t h e  Tanghla R a g e .  The 
Bog-Tsangpo i s  240 ki lometers  long; t h e  waters of Lake Langbu flow 
through it i n t o  Lake Dagtse. I t  flows almost p a r a l l e l  t o  t h e  Dzichu- 
Tsangpo, but i n  an opposite d i rec t ion :  t o  t h e  eas t -nor theast .  The 
Buptsang-Tsangpo River, flowing i n t o  Lake Tarok, has a length  of 170 
kilometers. I t s  sources  l i e  a t  the  Samtye Pass near Mount Lombo- 
Gangra. Later  t h e  r i v e r  flows t o  the  north-northwest i n  the  v a l l e y  
between t h e  Kanchung and Lunkar Ranges. The Soma-Tsangpo River i s  170 
kilometers long; it flows i n t o  Lake Terinam. Its sources,  fanning o u t  
northward, are  loca ted  on t h e  northern slope of t h e  Lapchung and Shuri  
Ranges; they a r e  covered by e t e r n a l  snow and ice .  The Surnge River i s  
150 kilometers long; it flows i n  t h r e e  branches from t h e  nor thern s lopes  
of t h e  Kai las  Range and e n t e r s  Lake Nganglaring. I t s  d i r e c t i o n  of f low 
i s  northeastward. The Targo-Tsangpo River, 140 kilometers long, flows 
from t h e  nor thern s lopes  of t h e  Nyenohen-Tanghla and e n t e r s  i n t o  Lake 
Dangrayum. The Tagra River, ly ing  near  t h e  Targo-Tsangpo and having the  
same length ,  flows i n t o  Lake Ngangtse. The Paro-Tsangpo and Genmar, 
somevrhat s h o r t e r ,  flow from t h e  Nyenchen-Tanghla t o  t h e  nor th  i n t o  Lake 
Dzharing. The Tichu River wi th  i t s  t r i b u t a r y ,  the  Ngang, z t t a i n s  a 
length of 130 ki lometers  and e n t e r s  Lake Nas Tsho from t h e  southwest. 
I t  r i s e s  i n  t h e  g l a c i e r s  of t h e  nor thern slope of t h e  N~enchen-Tanghla 
Range. ) 

Some r i v e r s  form channels between t h e  lakes,  f o r  exmple ,  the  
channels between Lake Chargut and Seling,  Chudun and Was Tsho, Uzharing 
and Dzhagok. 



In the mountain regions  of t h e  Karakorum and t h e  Kunlun (in the 
boundaries of Tibet  proper) t h e  l eng th  of r i v e r s  does no t  exceed 
120-150 kilometers. 

R i ~ r s  of Northern Tibet  which d i schs rge  t h e i r  waters  t o  the ocean 
are  the  Singichu ( t h e  r i g h t  branch of t h e  headwaters of t h e  Indun) (xora 
w i l l  be s a i d  about the  Singichu l a t e r  on) and t h e  Nagchu ( t h e  hendwatere 
of the  salween) . The main branch of t h e  Nagchu River i s  the  I)zhangton; 
it r i s e s  on the  g l a c i e r s  of the  e a s t e r n  s lopes  of a  h igh peak situated 
a  l i t t l e  t o  the  south of t h e  Tanghla. The r i v e r  rece ives  several other 
t r i b u t a r i e s  from the  southern slope of t h i s  range. Receiving the i r  
waters and continuing about 170 ki lometers  t h e  Uzhangton flows into Lake 
hdo-Tsonak. On leaving t h e  l ake  t h e  r i v e r  rece ives  t h e  name Nagchu, 
The t o t a l  length  of t h e  r i v e r  i n  the  boundarios of T ibe t  proper i s  400 
ki lone te r s ,  the  width of t h e  channel i s  200 meters at 240 lcilometers 
from t h e  source but  the  width of the  c u r r e n t  i t s e l f  ( i n  winter tiine) is 
40 meters i n  a l l .  

The economic u t i l i z a t i o n  of t h e  r i v e r s  of Northern Tibet  a t  the 
present time i s  not  very g rea t .  I n  c a t t l e  r a i s i n g  reg ions  they serve 
as a  source of f r e s h  water s ince  a  l a r g e  p a r t  of t h e  l a k e s  a re  saline. 
In  the  f u t u r e ,  a s  t h e  na t iona l  economy i s  developed, t h e  r i v e r s ,  and 
espec ia l ly  t h e  channels between t h e  l akes  w i t h  a  n a t u r a l l y  regulated 
runoff,  can be u t i l i z e d  f o r  i n d u s t r i a l  purposes and f o r  production of 
e l e c t r i c  power. 

The r i v e r s  of Southern Tibet  a r e  p a r t  of t h e  Ind ian  Ocean basin. 
In  Southern Tibet  a re  s i t u s t e d  t h e  headwaters of t n e  grecrt water arteries 
of Asia: the  Indus, the  Brahmaputra and t h e  Ganges. Xore tlmn half of 
*he t e r r i t o r y  of Southern Tibet  i s  dra ined by t h e  Brahnaputra ( i n  the 
headwaters c a l l e d  t h e  Tsangpo); i n t o  t h i s  r i v e r  f low a  l a rge  p a r t  of 
the r i v e r s  of Southern Tibet ,  these  flowing from t h e  southern slopes of 
t h e  Transhimalaya and from both  slopes of t h e  Himalaya. 

In  the  main, t h e  p r inc ipa l  type of r i v e r  here  i s  t h e  mountain 
stream. Their  sources almost always l i e  h igh i n  t h e  mountains st the 
edge of snow f i e l d s  or  g l a c i e r s .  The long i tud ina l  p r o f i l e  of the  river 
bed i s  s teep,  the  channel i s  f i l l e d  wi th  rap ids  and t h e  v s l l e y s  nre 
narrow and canyon-like. In  c o n t r a s t  t o  the  r i v e r s  of iqorthcrn Tibet, 
the d i r e c t i o n  of f low here i s  sub jec t  t o  a  f i x e d  r e g u l a r i t y .  The main 
a r t e r i e s  -- the  Tsangpo ~ n d  t h e  Indus -- f low i n  broad t e c t o n i c  d e p s -  
s ions ,  and t h e i r  t r i b u t e r i e s ,  a s  a  r u l e ,  hold t o  a  north-south direction, 
c u t t i n g  the  aountain chains of the  Himalaya ( o r  ~ r a n s h i m a l a ~ a )  with deep 
canyons. The basins  of r i v e r s  of t h e  sec.,nd order  a r e  bounded by high 
m t e r  d ivides  and the  s lopes  of s t eep  mountains. 



Some r i v e r s  wi th  t h e i r  headwaters f l o n  along t:he n ~ r t h s m  slope of 
the G r e ~ t  di-nllaya Range thrzugh d e s e r t  ste2pe landsoepes s imi le r  t o  w e  
:hangtang and tile Tranehimalaya. These r i v e r s  have a g r e a t  d a ~ l  i n  
co.won with t h e  r i v e r s  of Northern Tibet .  1)ropping down from tkle 
g lac ie r s ,  they f l o w  f o r  some dis tance with an east-weat o r i e n t ~ t i o n  i n  
s t r a t a  of loose c ~ n t i n e n t a l  o r  ancient  lake deposi ts ,  exoavsting box- 
l i k e  val leys  i n t o  them. These a r e  sometimes deep and only in t h e  places 
h e r e  they break through the  mountain rangee, f o r  exa?lple, dur ing the  
drop down onto the  Indo-Gangetic L0~1nnd t o  the  Brahmaputra, do they 
acquire a s t e e p  gradient  and a r e  transformed i n t o  roa r ing  mountain 
currents.  

A mixed type of feeding is c h a r a c t e r i s t i c  of t h e  South Tibetan 
r ive rs :  r a i n  ( o r  monsoon) type and glacial-snrm type.  Those s i t u s t e d  
t o  the south of t h e  c r e s t  of t h e  Great liimalaya R a n ~ e  a r e  c o n ~ i d e r ~ b l y  
l a rger  c a r r i e r s  of water than a r e  those  nor th  of t h e  c r e s t .  This  i s  
due t o  t h e  f a c t  t h a t  the  i c e  f i e l d s  and- enow on the  southern slope thaw 
more i n t e n s i v e l y  and because t h e  range receives  a l a rge  p a r t  of t h e  
p r e c i p i t a t i o n  coming from the  Indian Ocean (1,637 mil l imeters  sccording 
to  A .  E. snesarev) ;  t o  the  nor th  of the  c r e s t  of t h e  .nain range, however, 
the p r e c i p i t a t i o n  i s  much less :  a t  Lhasa, f o r  example, 500 n i l l i rne te r s ,  
and on the  nor thern slope of t h i s  range it i s  even about 300 mil l imeters .  
But i n  both these  csses  the  runoff i s  seaeonally uneven and t h i s  i s  due 
t o  a more in tens ive  entrance o f  thaw water i n t o  the  aystem i n  t h e  summer 
period and most of a l l ,  it i s  due t o  the monsoon charac te r  of t h e  c l i m ~ t e  
i n  which p r e c i p i t a t i o n  f a l l s  almost completely i n  t h e  summertime. .In 
the southern slope,  during June-October, 1,435 mil l imeters  of p r e c i p i t a -  
t i o n  f a l l s ,  t h a t  i s ,  about 90 $ of t h e  annual mount ;  t h e  same percentace 
of p r e c i p i t a t i o n  occurs i n  summer (about 90 $ eccording t a  Fan sin-  in) 
t o  t h e  nor th  of the  c r e s t  of t h e  main range a s  w e l l .  

The water l e v e l  i n  t h e  r i v e r s  begins t o  r i s e  as  e a r l y  a s  Uay, from 
the moment when t h e  thawing of the  mountain snows and i c e  f i e l d s  begins. 
In the per iod of t h e  summer monsoons ( e s p e c i a l l y  i n  Ju ly  and ~ u g u s t )  it 
reaches the  maximum. 

The ,nodulus of runoff on the  southern slope i n  t h e  period of the  
monsoons ( t h a t  is,  i n  June - ~ c t o b e r ) ,  a t t a i n s  138.6 l i t e r s  per second 
per square ki lometer  (wi th  t h e  annual average being 52.4 l i t e r s  per 
second per  square ki lometer) .  (Since evaporation on the  southern s lope 
of the  Himalaya i s  considerable m d  amounts t o  no l e s s  than s quar te r  of 
the  t o t a l  q u a n t i t y  of p r e c i p i t ~ t i o n  f a l l i n g  t h e  t r u e  modulus of runaff  
a t  t h i s  time w i l l  be equal t o  approximately 81.5 l i t e r e  per second per 
square kilometer and t h e  annual average w i l l  be about 39.3 l i t e r s  per 
second per square kilometer.)  I n  the d i s t r i b u t i o n  of t h e  runoff l a rge  
devia t ions  from t h i s  mean index occur i n  a zone up t o  2,000 meters 
where a r a p i d  i n c r e s s e  can be observed i n  t h e  p r e c i p i t a t i o n  brought by 



the monsoons. On t h e  o t h s r  hand, above 2,000 meters t h e r e  is a 
not iceably  s t rong devia t ion i n  t h e  d i r e c t i o n  of a decrease,  since *th 
height  a sharp drop begins i n  t h e  mount  of p r e c i p i t a t i o n .  

the  northern slope of t h e  main range t h e  runoff i n  the  s-er- 
time i s  equal  t o  9.6 l i t e r s  per second per  square kilometer and in the  
va l l ey  of Lhasa, from 16 t o  19 l i t e r s  pe r  second per  square kilometer, 
but it i s  necessary t o  make a c o r r e c t i o n  f o r  evaporation.  bue t o  the 

of the  l o c a l  c l imate  the  evaporat ion should be considerable. 
We do no t  have the  d a t a  ava i l ab le  f o r  such c o r r e c t i o n s .  

The South Tibetan r i v e r s  of the  g r e a t e s t  i n t e r e s t  a re  the  Indue 
and the  Tsangpo with  t h e i r  major Tibetan t r i b u t a r i e s .  

The Indus r i s e s  i n  Northern T ibe t ,  i n  t h e  snow f i e l d s  of the north. 
eas te rn  slopes of t h e  Kai las  a t  an e l e v a t i o n  of 5,426 meters. It f l o w s  
a dis tance of almost 1,800 ki lometers  i n  t h e  mountains. In  the ter r i -  
t o r y  of Tibet  proper i s  located a segment of t h e  r i v e r  t h a t  i s  400 
kilometers i n  length. From the  source t o  t h e  c i t y  of Leh i n  Kashmir, 
a d is tance of 700 kilometers,  t h e  f a l l  of the  r i v e r  i s  1,830 :neters, 
t h a t  i s ,  2.6 meters per k i lometer ;  i n  Tibet  proper,  however, it i s  
r e l a t i v e l y  small, sce rce ly  nore than 0.6 meters per  kilometer -- beyond 
the  boundaries of Tibet ,  however, it sharp ly  i n c r e a s e s  and equals 7 
milea per kilometer between S k ~ r d o  and Bundzhi. The Indus leaves the 
Tibetan highland a t  an e leva t ion  of 1,400 meters.  

The Indus ( i n  Tibetan c a l l e d  t h e  Singichu -- "River of t h e   ion") 
between the  source and Ranada flows through a broad rock-bottomed inter- 
montane val ley incised t o  a depth of 60-70 meters.  Several  tens of 
ki lometers from t h e  source t h e  width of t h e  r i v e r  channel a t t a i n s  70 
meters ( i n  Ju ly )  and it has a depth of up t o  70 cent imeters .  The 
r i v e r  flows slowly through open grassy p l a i n s  and it can be forded. 
But from Ranada t o  t h e  Zaskar River t h e  Indus narrows t o  30-53 meters 
and has a tu rbu len t  flow. Fur ther  on, up t o  i t s  confluence wi th  the 
Sheyok, it i s  t ransforned i n t o  a t u r b u l e n t  c u r r e n t ,  whi r l ing  through a 
narrow and c m s t r i c t e d  canyon. 

Three hundred miles from i t s  source t h e  Gartang River flows in to  
tho Singichu. After t h e  two r i v e r s  jo in  t h e  stream assumes t h e  name 
Indus. Before t h i s  t h e  Singichu rece ives  s t i l l  another  t r i b u t a r y  from 
the l e f t ,  t h i s  having a length of 130 ki lometers  and f lowing fu r the r  t o  
the  nor th  and almost p a r a l l e l  t o  the  Gartang. A t  i t s  confluence with 
the  Gartang t h e  discharge of vrater from t h e  Singichu i n  November, that  
i s ,  i n  the  intermediate period,  was 9.78 cubic meters per  second 
(according t o  da ta  from Sven Hedin). 



 he sources of the  Gartang l i e  a t  an e leva t ion  of 5,030 m t e r s  on 
the sou thmete rn  slope of t h e  Kailae. From here f o r  R distance of 
130 kilometers t h e  Gartang f l O W 8  d i r e c t l y  t o  t h e  northimst through t h e  
tec tonic  va l l ey  between t h e  Kailaa and t h e  Lad& Ranges, descending t o  an 

of 4,300 meters above sea  l e v e l  a t  Gartok. The slope of the 
r i v e r  bed a t  Gartok is  about 2 meters per kilometer and almost n o h e r e  
exceeds 4.7 meters. 

In  the  charac te r  of' i t s  bed and i n  i t s  general  appesrance t h e  Gar- 
tang v a l l e y  i s  s i ~ i l a r  to t h a t  of t h e  Singichu val ley.  Having a veloc- 
i t y  of f low only hal f  t h a t  of t h e  Singichu (near  t h e  point  where it 
jobs t h i s  r i v e r ) ,  t h e  discharge of water i n  t h e  Gartang, according 
t o  Sven Hedin, i s  5.67 cubic metere per second ( ~ o w m b e r ) .  The *dth 
of the r i v e r  near t h e  mouth i s  about 65 meters and the  maximum depth is  
0.8 meters. The Singichu b u r s t s  t u r b u l e n t l y  from the  Transhimalaya but 
the Gartang a t  i t s  confluence wi th  t h e  Singichu flows slowly. 

After t h e  two r i v e r s  merge, t h e  common r i v e r  (now c a l l e d  t h e  1ndus) 
flows i n  the  d i r e c t i o n  of Gartang through a graben v a l l e y  between t h e  
Kailas and t h e  Ladak ranges, t h a t  i a ,  between t h e  Himalaya and the 
Transhimalaya. I t  i s  ev iden t ly  f o r  t h i a  reason t h a t  a number of explor- 
e r s  have considered t h a t  t h e  Gartang i a  t h e  p r i n c i p a l  r i v e r  and the  
Singichu i s  i t s  e a s t e r n  branch. I t  i s  a l s o  curious t h a t  the Indus 
crosses the  Ladak Range t h r e e  timea. Ve can suppose t h a t  the  mountain 
regions through which it flows experienced repeated t e c t o n i c  d i s tu rb-  
ances leading t o  changes i n  t h e  d i r e c t i o n  of f low and fo rc ing  t h e  r i v e r  
t o  again and again seek a new r o u t e  c u t t i n g  through t h e  mountains r i s i n g  
on t h i s  path. (1t has been es tab l i shed  t h a t  the  Indus canyoIi was  
incised t o  a depth  of 900-1,200 meters.) The f i r s t  time it crosses  
the Lad& i n  a canyon 20 kilometers long a t  Tangra t o  t h e  west of t h e  
Tibet-Kashmir boundary and it leaves  the  v a l l e y  between the  Ladak and 
Kailas Ranges. From here it flows i n  a broad f l a t  v a l l e y  between t h e  
Ladak and t h e  Great Himalaya Range. Here the  r i v e r  i s  s t i l l  fordable,  
but no t  a t  high water when it overflows f o r  up t o  6 kilometers. 
Usually, however, i t s  width i s  about 1,000 meters and the  ve loc i ty  of 
flow i s  2-3 k i lometers  per hour. Further t o  the  west t h e  r i v e r  is  
cons t r i c ted  i n  two places  and breaks through the  L2dak i n  deep canyons 
and then flows some d i s tance  i n  i t s  o r i g i n a l  d i rec t ion ,  t h a t  i s ,  
between t h e  Ladak and the  Kai las .  

The S u t l e j ,  t h e  l a r g e s t  of a l l  t h e  t r i b u t a r i e s  of the  Indus, flows 
out of a swamp t h a t  i s  10 kilometers t o  t h e  northwest of Lake Rakas. I n  
moist yea rs  t h e  lake i s  fed by t h e  overflow from the  swamp. I n  t h e  
boundaries of Tibet  the  S u t l e j  flows f o r  a d i s t ance  of about 330 k i l o -  
meters. I ts  width a t  Tolingmat ( T o t l i n ) ,  according t o  da ta  furnished 
by Sven Eedin, i s  27 meters -- and i n  places,  up t o  50 msters. The 

deptn of t h e  r i v e r  exceeds 1 meter. The slope of the  r i v e r  i n  Tibet i s  



equal t o  6.5 meters per kilome t e r ,  t h e  discharge of water b e h e n  uava- 
Gomba and Tolingrnat i n  t h e  per iod of t h e  monSOOnS (.4ugust) is about 
300 cubic meters per seoond. I n  narrows, f o r  example, a t  Totl in,  the 
r i v e r  roa rs  and rages, carrying a d i r t y  g rey  c u r r e n t  of water, ener- 
g e t i c a l l y  digging away a t  t h e  bed and shores.  I n  wide places in  t h e  
va l l ey  the re  a r e  c l e a r l y  expressed t e r r a c e s  v i s i b l e .  

Cutt ing through t h e  Ladak Range a t  40 k i lomete rs  from the sources, 
the  S u t l e j  changes d i r e c t i o n  from n O r t n i ~ e s t  t o  west and hurr ies  through 
an immense intermontane v a l l e y  between t h e  Ladalc ~ n d  t h e  Zaskar Ranges, 
The watershed between them and t h e  Indus i s  low here -- about 300 netere, 
The S u t l e j  and i t s  t r i b u t a r i e s  a r e  deeply i n c i s e d  i n  loose deposits and 
there  a r e  d i f f i c u l t i e s  i n  t h e  use of t h e i r  wa te r s  f o r  i r r i g a t i o n .  

A t  t h e  v i l l a g e  of Shipki,  near  t h e  border  of I n d i ~ ,  tlle Sutlej, 
changing i t s  d i r e c t i o n  of f low t o  the northwest,  consecut ively  breaks 
through a l l  t h e  chains of t h e  ili:nalajra. iiere i s  observed what i s  
probably a p i c t u r e  of beauty and grsndeur t h a t  i s  unequaled i n  t h e  wrld, 
The r i v e r  forms an e x t r a o r d i n a r i l y  deep canyon i n  t h e  Zaskar Range. The 
bed of t h e  river i s  s i t u a t e d  a t  an e l e v a t i o n  of about 3,050 meters 
whereas the  tremendous p e ~ k  of Leo-i'ardzhal r i s e s  t o  an elevat ion of 
6,791 meters a t  a d is tance of 7 ki lometers  t o  t h e  nor th .  The canyon of 
the  r i v e r  a l s o  has a magnificent appenrance a t  a p o i n t  1 5  kilometers 
below Snipki where the  r i g h t  bank i s  a v e r t i c a l  r o c b  wal l  1,800-2,150 
meters i n  height.  I n  the  place  where it breaks through t h e  mountain 
ranges t h e  previously  calm S u t l e j  becomes t u r b u l e n t  and r o a r s  turbu- 
l e n t l y  through the  deep canyon of t h e  r i v e r .  I t s  s lope  i n  t h e  dima- 
laya i s  7.4 meters per k i lometers .  

The mean moduli of flow of t h e  Indus, t h e  Gartang and t h e  Sut le j  
i n  the t e r r i t o r y  of Tibet ,  evident ly ,  exceeds bu t  l i t t l e  t h e  mean moduli 
of flow of t h e  r i v e r s  of Northern Tibet .  

The Tsangpo River r i s e s  i n  a group of snow f i e l d s  i n  t h e  Kubi- 
Kangri Range, forming p a r t  of t h e  Ladak Range. The snowfields of the 
northern slope of the  Kubi-Kangri during t h e  per iod of thawing give rise 
t o  small streams, t h e  p r inc ipa l  one -- and t h e  t r u e  source of the  river 
-- flows from t h e  Brakhm~nutra Glacier  st an e l e v a t i o n  of 4,864 meterse 

Within Tibet  the  Tsangpo flovrs from >vest t o  e a s t  between the  Lad& 
and t h e  Kailas and t h e i r  eas te rn  prolongations i n  a broad intermontane 
t e c t o n i c  val ley  (graben). A b ~ u t  94' E. it t u r n s  sharp ly  t o  t h e  north- 
e a s t ,  makes a l a rge  knee-like bend, and assuming n southern di rect ion,  
it cu t s  through the  dirnalnya Range i n  a very dee? and narrow canyon, 
forming rapids  m d  w a t e r l s l l s  wi th  a he igh t  of up t o  9 meters. The 
bed of the  r i v e r  i s  s i t u a t e d  here  a t  an absolute  e l e v a t i o n  of about 
3,000 meters. The tremendous peak Namcha-Barwa r i s e s  up above the  very 



edge of the  wild Canyon t o  M e leva t ion  of 7,756 meters. A t  t h i s  
?oint  one can see  t h e  8- p i c t u r e  of cap t ive t ing  beauty and gr-deur 
of e x t r a o r d i n a r i l y  deep mountain canyon a s  we already observed 
on the  S u t l e j  near  Shipki. 

Only 30 ki lometers  fram i t s  source t h e  Tsangpo is  dis t inguished 
by a rapid  flow and a deep channel w i t h  gen t le  banks inc i sed  i n  the  
hard rock of a broad val ley.  The r i v e r  i s  o w r  20 meters wide. I t s  
slope i s  r e l a t i v e l y  gent le ,  on an average n o t  exceeding 85 centimeters 
per kilometer.  ( ~ t  Tradum t h e  bench mark a t  t h e  water* s edge i s  4,330 
meters, a t  t h e  mouth of t h e  Raga-Tsangpo it i s  4,150 meters, a t  t h e  
town of Shigatse it i s  3,600 meters and a t  Tszetan it i s  about 3,500 
meters. ) 

Approximstely near  85' E. the  depth and v e l o c i t y  of i t s  flow i s  
already so considerable  (al though i t  flows through a broad channel), 
t h a t  cross ings  a r e  poss ib le  only i n  boats  and on r a f t s .  &low t h i s  
point  t h e  r i v e r  becomes navigable ( a t  l e a s t  f o r  l a rge  boats used by the  
~ i b e t a n s )  f o r  t h e  e n t i r e  l eng th  i n  Tibetan t e r r i t o r y  wi th  t h e  exception 
of t h e  s e c t o r  between t h e  mouths of t h e  Rong and Shang Rivers where it 
whirls  i n  a deep canyon w i t h  rapids  and ohutes through which only bold 
s p i r i t s  d ~ r e  t o  navigate  t h e i r  boats. 

A s  t h e  Tsangpo continues t o  receive  t r i b u t a r i e s ,  it becomes ever 
deeper and broader. A t  Shigatse  where t h e  maximum disoharge i s  900 
cubic meters per second, and a t  Lhaaa, the  r i v e r  has an average width 
of about 800 meters and breaks down i n t o  severa l  channels separated by 
sandbars and only i n  p laces  i e  it cons t r i c ted  i n  canyons. Smewhat 
below t h e  mouth of t h e  Dzichu River ( ~ h a s a )  i t s  width i s  450 meters 
with a depth of up t o  18 meters i n  individual  spo t s  and it has a rap id  
current.  

I t  i s  i n t e r e s t i n g  t o  note t h a t  some t r i b u t a r i e s  of t h e  Tsangpo, 
r i g h t  up t o  t h e i r  confluence wi th  it, flow i n  a d i r e c t i o n  opposite t o  
the f low of t h e  Tsangpo. This i s  explained by t h e  f a c t  t h a t  i n  t h e  
pas t  t h e  Tsangpo flowed from west t o  eas t .  As a r e s u l t  of t e c t ~ n i c  
processes, taking place  i n  i t s  bas in ,  it changed i t s  d i r e c t i o n  of f low 
but r e t a i n e d  i t s  former bed. 

A l a rge  p a r t  of t h e  t r i b u t a r i e s ,  including the  l a r g e s t ,  f low i n t o  
the  Tsangpo from t h e  l e f t ,  t h a t  i s ,  they  f low from the Kailas Range and 
i t s  e a s t e r n  prolongat ion t h a t  a re  windward t o  tne  moist a i r  masses of 
the  Indian Ocean. There a re  few t r i b u t a r i e s  from t h e  r i g h t  s ince  tine 
r i g h t  s ide  of i t s  va l l ey  i s  formed by t h e  northern,  leeward t o  the  
Indian 3cean monsoon, s lopes  of the  Ladak Range and the  ranges of t h e  
Nepal-Tibetan watershed. 



 he sources of the  l a r g e s t  l e f t  t r i b u t a r y  of t h e  Tsangpo -- the 
Dzhichu (ca l l ed  the  Blashenstva i n  Tibetan)  o r  the  L h ~ s a ,  r i s e  in the 
snow f i e l d s  of the  Nyenchen-Tanghla- The l e n g t h  of t h i s  r iver  is about 
350 kilometers.  A t  t he  point  t h a t  it flotvs i n t o  the  Tsangpo it is equal 
in width t o  t h a t  r i v e r  and i s  a l s o  navigable  f o r  srnall boats. The head. 
waters of one of the  sources of t h e  Dzichu ~ p p r o a c h  c lose  t o  a 
t r i b u t a r y  of the  Nagchu (Salween ~ i v e r ) .  The watershed of the Nyenchen- 
Tanghla, ly ing between them, can be e a s i l y  c rossed  and over t h i s  mter- 
shed has been l a i d  out one of the  most i r n p o r t ~ n t  roads connecting Tibet 
with t h e  neighboring provinces of China t o  t h e  e a s t  and northeast. (3f 
t h e  other l a rge  l e f t  t r i b u t a r i e s ,  mention can be made of from west to 
e a s t :  the  Tsa-chu with a vridth up t o  150 meters,  not  only almost as 
large  as the main r i v e r  but unfordable as  we l l ,  and then the  Chorta- 
Tsangpo, r i s i n g  i n  t h e  snow f i e l d s  i n  t h e  place  where the  Kanchung and 
Lapchung Ranges come together .  A t  88O iC. t h e  main r i v e r  i s  joined by 
the rapid  and tu rbu len t  Raga-Tsangpo River ( c a l l e d  t h e  Dok-ohu in i t s  
lower course) ,  whose flow during t h e  e n t i r e  d i s t a n c e  i s  p a r a l l e l  to 
t h a t  of the  main r i v e r .  I t s  l eng th  i s  about 300 ki lometers ,  i t s  width 
near the mouth (according t o  Sven dedin)  i s  up t o  54 meters,  depth up 
t o  1.3 meters, discharge 33 cubic meters per second ( ~ ~ r i l ) .  Twenty- 
f i v e  kilometers below t h e  mouth of t h i s  r i v e r  t h e  Tsangpo i s  joined by 
the Shang River ( ~ h i a n g )  , flowing from t h e  Nyunohen-Tanghla. In  sddi- 
t i o n ,  the re  a re  several  o ther  small r i v e r s . )  

The l a r g e s t  of t h e  r i g h t  t r i b u t m i e s  of t h e  Tsangpo a r e  the  Yalung 
( Sak' ya-Tromchu) and t h e  Nyangchu ( i n  Tibe tan ,  t h e  ~ a k o m s t v )  , flowing 
i n t o  t h e  main r i v e r  near Shigatse.  The sources  of t h e  Nyangchu are 
s i t u a t e d  i n  a d e s e r t  a rea  on t h e  nor thern slope of t h e  Himalaya but 
l a t e r  on i t s  v a l l e y  becomes f e r t i l e ,  and it i s  f o r  t h i s  reason t h a t  t h e  
Nyangchu has a l s o  received i t s  o the r  name -- t h e  Lakomstv River. This 
i s  the  only Tibetan t r i b u t a r y  of the  Tsangpo dra in ing  t h e  Great Himalaya 
Range and the  only r i v e r  which c u t s  through t h e  Ladak Range t o  the east 
of Lake Xanasarowar. 

TO the  e a s t  of t h e  Nyanchu, another r i v e r ,  t h e  itong, flows into the 
Tsangpo. This r i v e r  has i t s  source near  Lake Yamdok. Previously the 
waters of t h e  lake flowed along t h i s  r i v e r ,  now t h e  r i v e r  does not reach 
t o  the  lake but t h i s  does no t  n e c e s s a r i l y  mean t h a t  t h e r e  is  no under- 
ground connection between them. 

In  the  boundaries of southern Tibet  a r e  a l s o  s i t u a t e d  t h e  sources 
of r i v e r s  flowing i n t o  the  Ganges and i n t o  t h e  lower course  of the  
Brahmaputra. The Karnali  River flows from t h e  nor the rn  s lope  of the  
Zaskar Range ( t h e  Karnali  i n  t h e  lower reaches i s  c a l l e d  t h e  ~ o ~ r a ) ,  a 
t r i b u t a r y  of the  Ganges, then flowing t o  t h e  southenst  along t h e  valley 
between t h e  Zaskar and t h e  Ladak. I n  i t s  upper course,  t o  t h e  point  
whcre it  breaks through the  Great ~iimalaya Range, t h e  Knrnal i  flows 



along p lac id ly  i n  a v a l l e y  of about 4,000 meters absolute e levat ion,  bu t  
fur ther  down, c u t t i n g  through t h e  main range, it whir ls  along turbu- 
l e n t l y  i n  a deep canyon, forming a cascade of r e t e r f a l l a .  A t  a d is tanoe 
of 200 kilometers t h e  riwr bed drops down t o  3,800 meters, t h a t  is, the 
slope amounts t o  19 meters per kilometer. Leaving Tibet ,  the  Karnali 
passes through a cnnyon a t  Kadrharnat t h a t  i s  reamrkable f o r  i t s  beauty 
and magnificence: on one s ide  of t h e  canyon the re  r i s e s  t h e  tremendous 
~urla-Mandhata maseif (7,728 meters) and on t h e  other  aide -- other  high 
peaks between 6,600-7,000 meters. 

The Pungchu River ( f u r t h e r  on c a l l e d  the  A n n )  i s  a l s o  a large  
t r i b u t a r y  of t h e  Ganges ; it r i s e s  from t h e  snow f i e l d s  on the  nor thern 
slope of M t .  Gozaintm. For a d i s tance  of 240 kilometers it flows 
through an intermontane v a l l e y  between t h e  Ladak and the  Great  Himalaya 
Range and then,  sharp ly  tu rn ing  t o  t h e  south, it breaks through the  
l a t t e r  a l i t t l e  t o  t h e  e a s t  of t h e  Dthomolungma massif (Zveres t ) ,  on 
the  way t o  rece iv ing  t h e  small r i v e r s  flowing from the  northern slope 
of Everest. 

In  t h e  e a s t e r n  p a r t  of Southern Tibet  a re  s i t u a t e d  t h e  headwaters 
of the  Amo ( ~ o r s a )  River, flowing through the  f e r t i l e  Chumbi va l l ey ,  the  
Kuru River ( t h e  hecdwaters of the   ana as) and a l so  t h e  headwaters of the  
Subansiri  River. Their  sources l i e  t o  t h e  north of t h e  watershed of t h e  
Great dimalaya Range and on t h e i r  way t o  t h e  lower course of t h e  Brahma- 
putra they c u t  through it i n  deep canyons. Due t o  the f a c t  t h a t  t h e  
Indian monsoons pene t ra te  along t h e  va l l eys  of these  r i v e r s  f r o n  t h e  
south, the  c l i m a t i c  condi t ions  i n  them are  more favorable f o r  t h e  l i f e  
and t h e  economic a c t i v i t y  of t h e  population than in many other  Tibetan 
valleys.  

The e x p l o i t a t i o n  of t h e  r i v e r s  of Southern Tibet  f o r  t h e  time being 
i s  by f a r  inadequate. The Tsangpo i s  used f o r  t r anspor ta t ion  needs, but 
only t o  an i n s i g n i f i c a n t  degree and navigat ion more o f ten  than rLot i s  i n  
boats made from yak sk ins  and on an i r r e g u l a r  bas is .  Of the o ther  r i v e r s  
only t h e  Dzichu and the  Nyangchu a re  navigable f o r  a s h o r t  d is tance.  

The r i v e r s  of Southern Tibet  a r e  more widely used f o r  i r r i g a t i o n  
needs. Since the  r a i n s  here come predominantly i n  the summer, t h e  s o i l s  
su f fe r  from an inadequacy of moisture. Ar id i ty  i s  a l s o  of ten experienced 
i n  the  summer period.  Tibetan farmers many cen tur ies  ago learned t o  
struggle w i t h  t h e  unfavorable aspec t s  of nature  i n  t h e i r  corntry.  A l l  of 
t h e i r  a g r i c u l t u r e  i s  based on i r r i g a t i o n .  They a lever ly  convey water 
from the n e a r e s t  r i v e r  o r  mountain stream t o  each scrap of lnnd on a 
r i v e r  t e r r a c e  o r  mountain slope which has good s o i l  and is s u i t e b l e  f o r  
cu l t iva t ion .  



In  the  course of the  c e n t u r i e s  t h e  immense energy of the  rivers has 
gone t o  ~ l ~ s t e .  %1y i n  a  few p laces  have they adapted it f o r  the turnLt 
of m i l l s t o n e s  powered by water wheels. Possess ing huge reserves of 
power, the  Tibetan r i v e r s  i n  t h e  ve ry  near  f u t u r e ,  a s  t h e  economy ia 
developed i n  the  Chinese People 's  Republic, inc lud ing  development in 
Tibet i t s e l f ,  can be used f o r  t h e  production qf e l e c t r i c  power. A 
s c i e n t i f i c  expedi t ion conducting rese.1rch i n  T ibe t  i n  1951-1953 
searched out and es t imated t h e  a v a i l a b l e  r e s e r v e s  of hydroelectric psner, 
The Tsagpo  a t t r a c t e d  t h e  s p e c i a l  a t t e n t i o n  of t h e  researchers ,  it being 
in the  bas in  of t h i s  r i v e r  t h a t  t h e  economic l i f e  of T ibe t  i s  concen- 
t r a ted .  According t o  pre l iminary c a l c u l a t i o n s ,  t h e  Tsangpo i n  i t s  mid,ils 
and lower course can produce 62 m i l l i o n  k i l o w a t t  hours of e l e c t r i c  powr, 
(The newspaper Druzhba [Friendship],  6 Llay 1956.) The b e s t  prospects op 
the Tsangpo a re  two s e c t o r s  where the  r i v e r  f lows i n  narrows and here  
it c a r r i e s  l a rge  volumes of water and has  i t s  m~xirnum energy. The 
f i r s t  sec to r  -- Yuetszyue -- i s  s i t u a t e d  somewhet t o  t h e  wcst of the 
c i t y  of Chushul ( ~ s ~ u ~ s h u ~ ) .  The discharge of water  a t  low water i e  
here equal t o  57.5 cubic meters per second. For a  d i s tance  of 20 
kilometers t h e  slope of the  r i v e r  i s  almost 90 ~ n e t e r s .  The Tsangpo 
possesses s t i l l  g r e a t e r  power: on an average t h e  d i s c h ~ r g e  i s  130 
cubic meters per second and the  s lope i n  R d i s t a n c e  of 40 kilometers 
i s  280 meters. Above those s e c t o r s  a r e  s i t u a t e d  broad s e c t o r s  of valley 
which can be u t i l i z e d  p e r f e c t l y  a s  n a t u r a l  r e s e r v o i r s .  Fur ther  t o  the 
e a s t  a t  tho bend of the  Tsangpo ( t h e  Bomi ~ e g i o n )  cond i t ions  to r  the 
const ruct ion of a  hydroe lec t r i c  s t a t i o n  a r e  s t i l l  more favorable since 
the  cl imate becomes moister ,  more moderate and warmer, t h e  veloci ty  of 
florr and the  l e v e l  of t h e  water i n  t h e  r i v e r  become more s t a b l e .  (For 
the development of e l e c t r i c  power i n  T ibe t  t h e  u,jper courses  of the 
Salveen, Liekong and Yang1;ze Rivers w i l l  a l s o  t a k e  sn s ignif icnnoe.  
They are separated by narrow water d iv ides  where t h e r e  a r e  o igh t  suit-  
able s i t e s ,  which toge ther  wi th  one t r i b u t a r y ,  [ t h e  ~ o t u ~ - ~ s z a n b u ] ,  
possess [according t o  preli .ninary data] ,  a t o t a l  complex of power of 
1,070,460 horsepower. Three s i t e s  have a power p o t e n t i n 1  between 
30,030-50,030 horsepower, thr::e between 70,033-100,000 horsepower, one 
-- 130,099 horsepower, one 360,303 horsepower and t h e  Botuy-Tseanbu has 
15 s u i t a b l e  s i t e s  wi th  a  t o t a l  power of 160,000 horsepower.) 

LAKES 

~ n e  of t h e  p e o u l i a r i t e s  of t h e  lmdscape  i n  T ibe t  -- Tibet  proper) 
and not  the  highland as n whole -- i s  t h e  numerous s c a t t e r e d  lakes  which 
resemble t h e  s p l i n t e r s  of a  huge inirror s c a t t e r e d  throughout i t s  t e r r i -  
to ry .  

Some pa t t e rn  san bs observed i n  t h e  d i s t r i b u t i o n  of t h e  l akes*  
Their number and s i z e  increases  from n o r t h  t o  south, and t h i s  i s  esPe- 
c i a l l y  t r u e  f o r  the e a s t e r n  p ~ r t  of Tibet .  



,The lakes  a re  arranged e i t h e r  i n  broad but shallow basins  on t h e  
flat p la ins  o r  i n  depressions surrounded on a l l  s i d e s  by mountains, 
8uch as Lakes Chsrol, Ligten and bangrayurn or  they extend i n  a chain f o r  
hundreds 9f lcilometers through t h e  intermontane va l l eys  hemmed i n  by 
mountain rangea, such, f o r  example, a s  the  chain of lakes between t!le 
przhevalfskiy  and Kukusnili Ranges. 

~ e s c r i b i n g  t h e  Tibetan lakes  ly ing i n  the  inidst of t h e  upland 
plains,  Sven hedin no tes  t h a t  i n  the  west t n e i r  bas ins  a s  ri r u l e  a r e  
deeper and those  t o  t h e  e a s t ,  on the other  hand, a re  more shallow. 
This pa t t e rn ,  evident ly ,  c3uld be caused by two circumstsnces. F i r s t  
by the  f a c t  t h a t  i n  the  e a s t e r n  p a r t  t h e  anoient  g l a c i e r  was t h i c k e r  and 
more in tense ly  planed d m  t h e  r e l i e f ,  and, i n  t h e  second place, due t o  
the f a c t  t h a t  t h e  c l imate  i s  more humid, the  eas te rn  l akes  are being 
f i l l e d  more rap id ly  wi th  t h e  products of des t ruc t ion  of t h e  mountains. 

The measurement of t h e  rnaximllm dept'ns of the  lakes does n o t  r evea l  
very g r e a t  maximum depths:  Lake Ligten, 67 meters, Lake Chargut, 50 
meters, Lake Addan, 50 meters, Lake Pangong, 30 meters, Lake Ganasarowar, 
82 meters. 

Origin of t h e  lakes .  Almost a l l  of t h e  lakes  occupy t e c t o n i c  
depressions. Those of them s i t u a t e d  a t  a l e v e l  of ,p.ore than 4,500 ne te r s  
above sea  l e v e l ,  i n  the  opinion of V. M. S ini tsyn,  occupy basins  which 
bear c l e a r  evidences of g l a c i a l  a c t i v i t y  ( ~ a k e s  Y~mdok, Yanasarowar, 
Pangong, Aksaychin and o thers ) .  (Some of the  g l a o i a l  lakes were formed 
due t o  t h e  danraing of r i v e r  va l l eys  by moraines.) 

The opinion i s  he ld  by some t h a t  many lakes a re  r e l i c s  of a former 
broad upper-Tertiary f r e s h  water bas in  t h a t  occupied t h e  highland region. 
Their premise i s  t h a t  t h e  t e r r i t o r y  of Northern Tibet  had runoff t o  t h e  
ocean, consequently, t h e r e  were s u i t a b l e  condit ions f o r  t h e  drainage of 
these l a rge  lake bas ins  and t h e i r  trsnsformation i n t o  smaller  bodies of 
water. Evidently,  one can include Lake Nam Tsho i n  t h i s  type of remnant 
lakes . 

9n t h i s  conclusion E. 2. idurzayev wri tes :  "The reconst ruct ion of 
the landscape of T ibe t  i n  the  phase of high l eve l  lake m t e r s  enables us 
t o  speak of a geographical  landscape, e x i s t i n g  i n  t h e  pas t ,  t h a t  i s  
bas ica l ly  d i f f e r e n t  f r ~ m  t h e  present-day landscape. A t  high l e v e l s  and 
under condi t ions ,  i n  general ,  h e r e  low shores prevailed,  the a rea  of 
the Tibetan lakes  WRS f a r  g r e a t e r  than i n  the  present  period and t h i s  
forces us t o  assume t h a t  i n  t h e  a rea  of Tibet  the re  ex i s ted  several  
immnse bodies of f r e s h  ~ a t e r .  



" ~ t  i s  important t o  note t h a t  i n  t h a t  per iod,  evident ly ,  drainage 
t o  the  outside did  occur and t h a t  Western T i b e t  was not  an area of inter. 
rial drainage. The presence of broad a roas  of evaporat ion and the receipt 
of a large  mount  of p r e c i p i t a t i o n  from t h e  d i r e c t i o n  of the  Indian 
ocean provided a d i f f e r e n t  moisture cycle  i n  I lestern Tibet .  The r ise  or 
the dimalaya resu l t ed  i n  the d e s s i c a t i o n  of T ibe t ,  a lowering of lake 
l e w l s ,  a shar? decl ine  i n  t h e i r  a reas  and depth,  t h e i r  i sola t ion and a 
consequent mineral izs t ion of t h e i r  waters. " ( ~ o r e i g n  Asia [Zarubezhnaya 
~ z i y a ] ,  1956, page 287.) 

Together wi th  the  ancient  r e l i c  l a k e s  t h e r e  a r e  more modern ones, 
originat ing subsequent t o  t h e  r i s e  of t h e  pe r iphera l  mountain systems of 
Tibet. As a r e s u l t  of t h e  appearance of t h e s e  mountain systems the 
t e r r i t o r y  of Tibet  proved t o  be, a s  it were, surrounded by a tremendous 
b a r r i e r  wi thin  which n region of i n t e r i o r  dra inage :vas formed, f i l l e d  
with the  products of wefithering of rocks. Under t h e s e  condit ions,  
atmospheric moisture, f a l l i n g  i n  abundance i n  i n d i v i d u a l  moist periods 
and flowing o f f  i n  t h e  form of underground water from t h e  slopes of 
adjoining ranges, accumulated under s t r a t a  of loose  depos i t s  and then 
appeared a t  the  surfaae i n  t h e  lowest spo t s .  A t  t h e  s m e  t i n e  some 
basins were a l s o  f i l l e d  wi th  water flowing on t h e  surfaoe,  descending 
as r i v e r s  and r i v u l e t s  from the  mountain ranges. I t  i s  i n  t h i s  :my, 
perhaps, t h a t  Lake llganglaring i n  the Transn imalay~  was formed, as well 
a s  Lake Terinam and others ,  surrounded by low s teep-s ided mid sharp- 
pealced mountains and having i s l ands  from these  same mountains. The low 
elevat ion and the  form of t h e  mountains, poss ibly ,  givo evidenoe tha t  
there  were no g l a c i e r s  here  and t h a t  the  bas ins  of t h i s  mountainous 
country were f i l l e d  wi th  flowing water.  '7:e can c a l l  such 1al:es "young 
bnain lakes." 

Somo lakes  are  i n t e r m i t t e n t .  They e x i s t  on ly  i n  t h e  summertime 
when the depressions a re  f i l l e d  wi th  r a i n  water and thaw water from the 
snows and g l a c i e r s .  They dry up i n  the  f a l l  and Solonchrrks and marshes 
remain on t h e i r  bottoms. 

Feeding. The Tibetan lakes rece ive  numerous streams and r ive rs ,  
r i s i n g  i n  t h e  mountain snows and g l a c i e r s .  This i s  ,me of t h e  principal 
sources from which they rece ive  t h e i r  water.  They a r e  a l s o  fed  substan- 
t i a l l y  by r a i n s  and ground water. The o r i g i n  of t h e  l a t t e r  i s  once 
again the  r e s u l t  of thawing of mountain snows and g l a c i e r s  and only in  
p a r t  r e s u l t s  fro:n t h e  processes of condensation of water vapor i n  the 
e l u v i a l - d i l u v i a l  layers .  I t  may be assmed  t h a t  ~lnderground waters play 
sone r o l e  i n  the feeding of the  l akes ;  t h i s  i s  confirmed by the  ~ r e s e n c e  
of hot spr ings  or geysers in  almost every l ake .  



Large sessonal  f l u c t u a t i o n s  a r e  observed in  the  regime of the lakes. 
In summer t h e i r  w s t f ? r  lave1 i s  higher ,  increas ing sharply due t a  incoming 
,,rater from thawing snows and g l a c i e r s  and from ra ins .  In f a l l ,  however, 
when the  thawing of t h e  snow and i c e  and the  ra ins  cease and t h e  dryness 
of the a i r  and evaporat ion increase ,  the  water l e v e l  begins t o  drop 
sharply. A t  t h i s  time t h e  r e l a t i v e  s ignif icance of ground water and 
underground water i n  the  feeding of t h e  lakes  increases .  

S a l i n i t y .  Alaost  a l l  af t h e  l akes  i n  Northern Tibet  and m m y  i n  
Southern Tibet  a r e  s t r rmgly mineralized.  Sven iledin calcula ted t h a t  of 
37 lakss i n  tile western p a r t  of Tibet  only e i g h t  Ti-ere f r e s h  water and 
of the G3 i n  t h e  e a s t  almost a l l  were sa l ty .  iimever, i n  63,Qe of the 
saline lakes  t h e  water i s  s u i t a b l e  f o r  drinking.  I n  lrlany of them 
sa l t iness  o r  f reshness  i s  a temporary phenomenon. Some s t rong ly  
mineralized l akes  during t h e  period of r a i n s  and t h e  thawing of snows 
and g l a c i e r s  become f r e s h  water lakes  or  only vreak1;l s a l i n e ;  i n  f a l l ,  
however, when water no longer e n t e r s  and e v a p o r ~ t i o n  i n t e n s i f i e s ,  they 
become s a l i n e .  This is  t h e  reas ,m vrhy d i f f e r e n t  explorers  g ive  varied 
r e p ~ r t s  about t h e  s a l i n i t y  of one and t h e  same lake.  

Mineral iza t ion r e s u l t s  from potassium and sodium s a l t s ,  sods end 
borax. Due t o  t h e i r  presence t h e  lake water has an extraordinary t u r -  
quoise color .  In  s e v e r a l  l akes  t h e  concentra t ion cjf s a l t s  i s  so  g rea t  
that  wi th  a lowering of t h e  temperature they  begin t o  p r e c i 2 i t a t e ,  
forming on t h e  bottom a t h i c k  sparkl ing layer  l i k e  a snowy-wnite t a b l e -  
cloth. ''Then t h e  lake d r i e s  up t h i s  l ayer ,  b l i n d i n g l y  white i n  the  sun, 
i s  cut  by t h e  wind i n t o  spheres and pyramids which sppesr t o  be the work 
of human hands r a t h e r  t h a n  a product of nature.  The v i c i n i t y  of many 
sal ine  lakes  g ives  t h e  appearance of a t r u l y  dead d e s e r t  s ince  tne  s a l t  
ca r r i ed  o f f  by the  wind covers t h e  s o i l  of t h e  surrounding a rea  and 
k i l l s  a l l  l i v i n g  th ings .  A l l  the  rnore consoling i s  t h e  appefirance of 
ra re  spots of green meadow t h a t  a r e  associa ted wi th  the f r e s h  water 
basins. 

N. K. Kyuner, quoting t h e  Schlagintweit  br2ther,  w r i t e s  t h a t  the  
s a l t  content  i s  n o t  due t 3  the  presence of s a l t  r x k s  i n  the  v i c i n i t y .  
rlley fould  t h a t  t h e  most h ighly  mineralized lakes  a re  i n  a region vihere 
c r y s t a l l i n e  rocks were prevalent  and the  lake s a l t  was q l l a l i t a t ive ly  the  
same as  the  ordinary s a l t s  of spr ing and r i v e r  m ~ t e r .  Consequently, the  
s a l i n i t y  of l akes  i s  due only t o  the  absence of drsinage t o  the  outside 
and the  br inging i n  of s a l t s  bh surface  waters over a period of Inany 
centur ies .  Nevertheless, t h e r e  i s  reason t o  be l i eve  t h a t  s a l t s  e n t e r  
the  lake from rocks ly ing  beneath t h e  bed and a l s o  from h3t  s p i n g s  and 
geysers. Lakes wi th  o u t l g t s  a re  not  sa l ine ,  f o r  example, i n  the  Chang- 
tang, Lakes Pangong ( e a s t e r n ) ,  hru, Chargut, Gldsn, and S R ! C ~ S ~ ~ -  



Dessication of t h e  lakes.  A l l  t h e  l akes  of t h e  highland, so 
explorers have observed, show t r a c e s  of d e s s i c a t i o n .  I t  i s  nost 
not iceable  i n  the  northwest and l e s s  S O  i n  t h e  c e n t e r  and especially in 
the southeast of Tibet .  For example, t h e  d i f fe rence  i n  e levat ion of the 
former and modern l e v e l  of Lake Pangong i n  r~or thwes te rn  Tibet  is 230 
meters, a t  the  seine tir:le it i s  approximately 130 meters i n  the  lakes in 
tine center  of tile Changtang. 

The change i n  the  l e v e l  of t h e  lakes  was caused by an intensive, 
still incomplete r i s i n g  of t h e  rIimalaya Range which t o  a s ignif icant  
degree has blocked the  rou te  t o  t h e  nor th  of t h e  Indian 7cean monspon 
has made the  olimate of Tibet  more a r i d  t h a n  it was formerly. I t  is 
d i f f i o u l t  t o  judge a t  what s t age  t h e  d e s s i c a t i o n  of t h e  lake i s  a t  the 
present time and whether cur ren t  c l i m a t i c  cond i t ions  a r e  contributing 
t o  the dess icat ion.  S u f f i c i e n t  data  i s  n o t  a v a i l a b l e  i n  order t o  draw a 
f i n a l  conclusion. I f  the  Tibetan l akes  disappear,  t h i s  i s  a natural  
process, not  associa ted wi th  t h e  c l imate  of t h e  t e r r i t o r y  doscribed. 
In Tibet condit ions f o r  t h e i r  preservat ion,  perhaps, a r e  more favorable 
than i n  any other  area.  I t  i s  wel l  e s t a b l i s h e d  t h a t  e ~ c h  lake i s  
gradually dying. I t  i s  being f i l l e d  wi th  w ~ s t e  m a t e r i a l  brought in  by 
the  streams and r i v e r s ,  i s  growing shallow but  i s  inc reas ing  i n  area. 
Accordingly, i t s  surface  of evaporation i s  inc reas ing  i n  a rea  and th is  
i s  bringing c l o s e r  i t s  day of disappearance. This process i s  a lso  
t y p i c a l  of Tibetan lakes. Ilowever, t h e i r  d i s a p p e ~ r a n c e  here  i s  a slow 
process since the  small amount of p r e c i p i t a t i o n  r e s u l t s  i n  a snlall 
volume and a low erosive  power i n  t h e  r i v e r s  and streams -- t h e  active 
agents of rock des t ruc t ion  and t h e  t r a n s p o r t e r s  of waste mate r ia l  into 
the lake basins.  As s r e s u l t  of t h e i r  small  volume and t h e  low cutting 
povrer of t h e  r i v e r s ,  t h e  process of including Tibetan l akes  i n  the 
hydrographic network of r i v e r s  d ischarging i n t o  t h e  ocean i s  a l s o  pro- 
ceeding slowly. 

The preservat ion of lakes  i n  T ibe t  i s  due t o  t h e  f a c t  t h a t  the 
in take- loss  balance, evident ly ,  i s  n o t  a negat ive  one, o r  i.t i s  nega- 
t i v e  t o  only a small degree. I n t e n s i f i e d  evaporat ion of water without 
compensation i s  poss ible  3nly i n  3epteaber and ac tober  when the re  i s  no 
thawing of the  snow and i c e  i n  t h s  mountains, no r a i n ,  and when absolute 
and r e l a t i v e  humidity of the  a i r  a r e  very low. But t h i s  l o s s  i s  replen- 
ished i n  the  summer months when r a i n  snd thaw water from snow and gla- 
c i s r s  e n t e r  i n t o  t h e  lake. I n  winter,  however, i n  t h e  e a r l y  spring and 
i n  t h e  l a t e  f a l l ,  t h e  lakes  a r e  covered wi th  i c e ,  f  orining an obstacle 
t o  any s u b s t a n t i a l  evaporation of vrster from t h e i r  su r faces .  

xvidence of g r e e t  dess ica t ion  3f 'Tibetan l akes  i s  expla ined by the 
f a c t ,  possibly,  by t h a t  which E. i.1. Zurzayev has t o  say i n  respect  t o  
the  lakes  i n  Mongolia. "Traces of g r e s t  dess ica t ion"  (o f  >Iongolian 
lakes -- 3- YU.), he wr i t es ,  "should be a t t r i b u t e d  t o  t h e  xerothormal 



period which Centra l  Asia experienced, e s p e c i a l l y  a f t e r  t h e  pried of 
glaciation.  " (2:ongolian People1 8 Republic [-iongolf skaya NRrodnaya 
~ e s ~ u b l i k a ] ,  1952, Page 187.1 

The l a r g e s t  l akes  a r e  s i t u a t e d  i n  Northern Tibet  on the Chanetang 
plain8 and i n  the  bas ins  of t h e  Transhimalaya. It is  on the broad 
pla in  on the  boundary of t h e  Changtang and the  Tranahimalaya t h a t  we 
find the l a r g e s t  Tibetan lake,  Nam Tsho. The name means "kleavenly 
Lake." Here, however, n o t  f a r  from it, i s  s i t u a t e d  the  second l a r g e s t  
lake i n  Tibet ,  Lake Sel ing,  and others .  In the  Transhimalaya the re  a re  
in a l l  more than  t en  lakes  having an area of more than 100 square ki lo-  
meters each. 

AREA AWD ABSOLUTE EUVATION OF Tm LARGEST LAKES OF THE TRANSIIIXALAYA* 

Nan Tsho ( ~ e n g r i - ~ u r ) * *  
Seling 
ilangrayum 
Terinam 
Dzharing 
Nganglaring 
Ngangtse 
Tanklyung ( l ~ a k t s o n ~ )  
Tarok 
aam Tsho (~um) 
iiIok1 yu 
Tongka 

Area i n  square miles Height above sea  
a n d s q u a r e  kilometers level ,  i n m e t e r s  

* The t a b l e  i s  given on the  b a s i s  of Hayden and Burrard with some 
addit ions from Sven Hedin. Hayden and Burrard, evident ly ,  used ordinary 
(London) miles ,  equ iva len t  t o  1.524 kilometers.  I n  parentheses we have 
indicated t h e  a rea  of t h e  lakes i n  square kilometers.  

** Lakes Nam Tsho and Sel ing a r e  located p a r t l y  i n  the Transhimalaya 
and p a r t l y  i n  t h e  Changtang, bu t  Bayden and 3urrard  consider them, ev i -  
dently,  t o  be Transhimalayan. 

Some lakes  i n  t h e  Transhimalaya have o u t l e t s  and, consequently, a re  
f resh water lakes:  Dzharing, Tsikung, Langbu, Chargut, Chudun. Lake 
Dzharing flows i n t o  Lake Tsikung and t h i s  i n  i t s  t u r n  through s t i l l  
another small lake  flows i n t o  Lake Dzhagok. Lake Chargut, receiving 
water from t h e  s a l t  lake,  Lake Seling,  a l s o  flows i n t o  Lake Dehagok. 
Lake Langbu, from which flows a l a rge  r i v e r ,  t h e  Bog-Tsangpo, i s  a l s o  
a f r e s h  water lake .  Lake Chudun flows i n t o  Lake Nam Tsho. 



 he l h s  f reeze  r a t h e r  l a t e .  Thus, Lake N R ~  Tsho becomes ice- 
c ~ r e r e d  only i n  November and i s  f r e e  from i c e  i n  May. The l a t e  freezing 
of t h i s  lake i n  due t o  i t s  extreme s a l i n i t y  and g r e a t  area .  Evidently 
it does no t  f reeze  every winter .  P a r t i c i p a n t s  i n  t h e  Chinese expedition 
of 1951-1953 m i t e  t h a t  having a r r i v e d  on t h e  shores  of Lake Nm ~~h~ 
i n  the h e a r t  of winter  they s t i l l  observed open water   round the Borld 
[Vokrug sveta],  1954, 110 10) .  Lakes t h a t  a r e  srnaller i n  area and less 
s a l t y  ( e s p e c i a l l y  f r e s h  7.vater) l akes  f r e e z e  somewh~t e a r l i e r .  

There a re  a l s o  r a t h e r  l a rge  l akes  t o  t h e  n o r t h  of the  Transhima- 
laya: Uontcalm, Dzhigitay, Kashum, Markham, Antelope, Red Cl i f f s ,  
Ligten, Charol, Esh i l '  , Memar, Aru, Khorpa ( ~ r p o r t  ) , Khuping, Kenze, 
Pangong, Armand David, Sumdzhi and o thers .  They a r e  arranged here, a8 

a rule ,  i n  zones o r  chains i n  v a l l e y s  betwoen p a r a l l e l  ranges which are 
s i t u a t e d  f a r  from one another.  

I f  the  lakes  of t h e  nor thern p a r t  of t h e  Changtang a re  smaller in 
area  than the  l akes  of t h e  Transhimalaya, i n  abso lu te  e leva t ion  many of 
them have no equals  i n  t h e  world. Lake Khorpa, f o r  example, i s  located 
a t  an e leva t ion  of 5,465 meters,  Lake Armand David ~t 5,300 meters, 
Sumdzhi a t  5,150 meters and dontcalm a t  4,960 meters.  

There a r e  a l s o  l a rge  lakes i n  Southern Tibet.,! A l a r g e  number of 
them a r e  s i t u a t e d  on the  gen t le  nor thern s lope of t h e  Bimlaya .  These 
a re  Yamdok, Tsomotretung, Palgo, Trigutso.  Lakes Eanasarowar, Rakas 
and Gunchu ( ~ o n g c h u )  a r e  s i t u a t e d  i n  an  in te rnon tane  v a l l e y  ( q a b e n )  
between the  Ladak and K a i l ~ s  Rmges. Vi th  t h e  except ion of Gunchu, a l l  
the lakes  enumerated a re  f r e s h  water lakes.  The l a r g e s t  of the  lakes of 
Southern Tibet  i s  Lake Yamdok, and t h e  deepest ,  according t o  Swami 
Pranavanandra, i s  Manasarowar wi th  a depth of 8 2  meters.  

GtEA AND ABSOLUTZ ELEVATI0;J 3F TdE LAKZS OF SJUTHZRN TIBET 

Yamdok 
Manasarowar 
Rakas 
Gunchu 
Trikutso 
Pomo 

Area i n  square Height above sea 
kilometers l e v e l ,  i n  meters 

Manasarowar and Rakas a re  s i t u a t e d  c lose  t o  one m o t h e r .  I n  years 
of abundant p r e c i p i t a t i o n  Lake IZanasarowar, s i t u a t e d  t o  t h e  e a s t  of 
Lake Rakas and 1 3  meters higher,  d ra ins  i n t o  the  l a t t e r  lake .  Lake 



Rakas, as ind ica ted  above, i n  some years  d ra ins  i t s  excess waters i n t o  
the s u t l e j .  This w i l l  exp la in  how it (and Lake k h a s ~ r o w a r  as we l l )  
,re being drawn i n t o  t h e  S u t l e j  system (L. 9. Berg, 1947). 

GEYSERS AND OTlIER SPRINGS 

On the  Tibetan highland, geo log ica l ly  of recent  formation, where 
orogenic processes a r e  s t i l l  n o t  completed, the re  a re  overflows of 
thermal spr ings  everywhere. There a r e  espec ia l ly  a g:-eat many t o  t'ne 
north of the  Ts-gpo -- t o  34' N., between 88 and 92' E. The springs 
are mineralized wi th  ch lo r ides  o r  sul?hates,  eometimes they conta in  
mirtures of magnesium, i ron ,  sulphur, sode, potash, but there  Rre a l s o  
fresh water spr ings .  

Often t h e  thermal sp r ings  a r e  i n  t h e  form of r a t h e r  powzrful gey- 
sers, e j e c t i n g  a high founta in  of bo i l ing  water. For example, 11 gey- 
sers, known by t h e  name of t h e  P e t i n  Springs,  a re  s i t u a t e d  a t  a d i s -  
tance of severa l  meters from one another along the  bank of t h e  Lakhu- 
ohu River ( a  t r i b u t a r y  of t h e  Shang River) ;  they e j e c t  a stream of 
boiling water t o  a h e i g h t  of 15 meters;  t h e  geyser a t  Lake Ham Tsho 
e jec t s  t o  a he igh t  of up t o  11 meters;  t h e  temperature of i t s  water a l s o  
reaches the  b o i l i n g  point .  ( ~ t  an absolute  e leva t ion  of 4,627 meters the 
boil ing po in t  i s  about 83".) 

A l a rge  p a r t  of the h o t  spr ings  a r e  s i t u a t e d  near the  lake,  c h i e f l y  
within the  boundaries ind ica ted  above. But they a r e  a l s o  found i n  other 
places. Explorers have encountered them i n  the  r i v e r  val leys  of the  
S u t l e j  and the  Karnali ,  on t h e  northern slope of t h e  Bimalaya a t  the  
c i t y  of Dznirong ( ~ i r o n g ) .  h .  2 .  Przheval lskiy  described t h e  not springs 
on the  southern slope of t h e  Tanghla, and Bonvalot -- on the  northern 
and southern s lopes  of U t .  bupleix. 

besp i t e  t h e  high temperature, many spr ings  and geysers f reeze  under 
c m d i t i o n s  of t h e  severe Tibetan winter.  However, they do no t  e n t i r e l y  
cease t h e i r  a c t i v i t y .  Thir-ty t o  f o r t y  degree f reezes  s u f f i c e  only t o  
form a cone o r  cowl of i c e  over t h e  geyser wi thin  which a hot  stream con- 
t inues  t o  spout; t h e  steam and t h e  spray from the  bo i l ing  water n o i s i l y  
burst  through openings i n  t h e  wa l l s  of t h e  i c e  towers. The spectacle  of 
geysers shrouded i n  steam, wi th  t h e  sun 's  rays playing and re f rnc t ing  i n  
the i c i c l e s  and drops of water  i s  so.nething unforget table  i n  i t s  r a r e  
beauty. Such geysers ,  covered wi th  conelike shrouds, were encountered 
by Bonvalot t o  t h e  nor th  of Lake iJontcalm. The cones had a diameter of 
6-7 meters end a t t a i n e d  t h e  height  of a man. The lake noar which they 
were located aonvalot  c a l l e d  the  Lake of t h e  Cones. 



Tibetans long ago noted t h e  c u r n t i ~ e  p r o p e r t i e s  of the  hot springl 
and they have b u i l t  baths  and b a t h  houses i n  which they und,rgo a oouree 
of treatments.  Such, f o r  example, a r e  t h e  ba th ing  basins  of ~ ~ - ~ h ~ -  
t s z a ,  110 !<ilometers t o  t h e  n o r t h  of Lhasa, and ba th  houses near 
s m a l l  geysers on a  two-meter h igh t e r r a c e  of tho  h r t a n g  about whioh 
Sven Yedin has wr i t t en ,  e t c .  

s ~ m i  Pranavanandra no tes  t h a t  t h e  waters  of t h e  spr ings  of the  
Karnali valley and several  o the rs  con ta in  rhodonite and a re  radioactin, 

VSGXTBTiOIl AM) SOILS 

Differences i n  r e l i e f  and c l imate  and a l s o  a  complicated history of 
development have predeterl i~ined t h e  s i n g u l a r  course of formation and the  
unusual character  of the  w ~ e t a t i o n  and s o i l s  of Tibet .  

The v e ~ e t n t i v e  cover of Tibe-t was formed r e l n t i v e l y  recent ly  since 
the  Tibetan highland i s  a  geo log ica l ly  r e c e n t  u p l i f t .  

"Tibet, e s p e c i a l l y  i t s  e a s t e r n  p a r t ,  " w r i t e s  Professor  E. V. Vul' f ,  
"as well  a s  t h e  Himalaya, i n  the  Bocene per iod was s t i l l  covered by the 
vraters of t h e  T e t i s ,  a s  a  r e s u l t  of which i t s  f l o r a  does not have an 
ancient  character".  The f ~ ~ r m a t i o n  of Tibetan f l o r a  began i n  the  second 
ha l f  of t h e  Quaternary Period. " I t  was formed,'' w r i t e s  t h i s  same 
author, "as t h e  r e s u l t  of the  pene t ra t ion  i n t o  new t e r r i t o r y  of elements 
3f f l o r a  of Inore ancient  ,mountain systems -- of western  China, lndia and 
Indonesia". ( H i s t o r i c a l  Geob,r~phy of P l a n t s  [ I s t o r i c h c s k ~ y a  ~eograf iya  
ras teniy] ,  1944, page 305.) 

The vegeta t ive  cover of the  t e r r i t o r y  of T ibe t  i s  var ied;  a  large 
p a r t  of it c o n s i s t s  of FA deso la te  xerophyt ic  a l p i n e  zone which resul ts  
frorn the  imnense absolute e leva t ion  of t h e  highland m d  severe c l i rn~ t ic  
condit ions.  This determines t h e  considerable  pover ty  and monotony of 
'Tibetan f l o r a  ( i n  t n e  hignland as  a whole) and only t h e  deep r i v e r  valley8 
-)f the  southeast  and of Southern 'Tibet and t h e  southern slope of the h a -  
laya,  whose n a t u r a l  condi t ions  a r e  sharp ly  d i f f e r e n t  from t h e  natural  
condit ions i n  the  remainder of Tibet ,  a r e  charac te r ized  by a  considerabl~ 
r i c h e r  f l o r a .  

%. \r. Vul'f,  c a r e f u l l y  studying tne  m a t e r i a l s  or ' . a rd  and other 
researchers  sn Tibetan vel:etation, w r i t e s  t h n t  t h e  com,~osit ion of the 
f l o r a  of Tibet  i s  determinod f i r s t ,  by i t s  u p l i f t  f r u m  t h e  bottom of the  
sea  t o  an e leva t ion  of t h e  most tremendous mountain penics 3f  t'.m globe, 
and, secondly, by g l a c i a t i o n  during t h e  time of t h e  i c e  age. The ice 
and snow cover of Tibet  and t h e  llirnalaya, he w r i t e s ,  i s o l a t e d  t h e  
southern peninsula of Asia from i t s  c e n t r a l  p a r t .  Freglacip.1 vegeta- 
t i o n  was b a s i c a l l y  destroyed mld only a p a r t  of it, pushed sou thw~rd  by 



the g lac ie r ,  was preserved* After the  disappeurance of the  g l a c i e r  the  
of the  Tibetan highland Jas re-estnblished with species  soming 

predo~nina t ly  from t h e  e a s t ,  from :nore ancient  heights  of Burm~ and 
y w a n  (post-Carboniferous but  pre-Tr iass ic) .  Tho migration of species 
from the south from t h e  Indo-Lalayan region and from tne north from 
centra l  Asia occurred on a considerably smaller scale .  Thus, the  f l o r a  
of Tibet forms p a r t  of Sino-ditnalayan f l o r a  and it would be incor rec t  
to o lass i fy  it as  Centra l  As ia t i c .  The f l o r a  of the  Kukunor a l s o  i s  of 
the sine-dirna1aya.n type. 

Besides t h e  f a c t  t h a t  t h e  f l o r a  of Tibet ,  wi th  the exception of the  
Bouthem slope of t h e  Himalaya, i s  poor, it a l s o  hss a depreesed nppenr- 
ante i n  an extensive  deso la te  area.  Climatic and s o i l  condit ions i n  
Tibet, i n  i t s  h ighes t  pa r t s ,  a re  c ~ m p l e t e l y  unfavorable f o r  the  growing 
of plants.  I n  the  n a t u r a l  processes,  especially in  the  Cnangt~ng,  the re  
i s  observable a considerable  s i m i l a r i t y  wi th  t h e  Subarctic.  Here, a s  
well as i n  the  Subarc t i c ,  a l imi ted  mount  of thermal energy p s r t i c i p a t e s  
in these processes. A negat ive  r a d i a t i o n  balance p reva i l s  i n  the  course 
of three-quar ters  of the  year  -- f a l l ,  winter  and spring.  I n  summor, 
however, i n  general ,  t h e  i n f l u x  of heat  i s  a l s o  low, sinoe the  d a i l y  
temperatures even of t h e  warmest month, July ,  a re  only 10-15O, more 
rare ly  20' o r  more. A t  n ight ,  however, a s  a ru le ,  i n  t h e  course of t h e  
whole summer, t h e r e  a r e  f r o s t s  and t h e  rad ia t ion  of warath f ron  the  
ea r th ' s  surfaoe i s  very  g r e a t  due t3 t h e  r a r i f i e d  atmosphere and the 
oloudlesa weather. 

Thus, t h e  bioohemioal prooesses i n  t h e  mummer a l s o  .take plaoe with 
a l imi ted emount of warmth. As a r e s u l t  of t h i s ,  t h e  prooess of e i l  
formation prooeeds slowly; t h e  a c t i v i t y  of s o i l  b a o t e r i a  i s  lowered 
and eo a l s o  i a  t h e  ass imi la t ion  of carbon dioxide, which i s  an obstaole 
t o  t h e  aaoumulation of chlorophyll .  The cold climate i s  expressed i n  
an exoept ional ly  n e g ~ t i v e  way on higher p lants .  Also h o s t i l e  t o  p lan t s  
i s  the  excess of u l t r a - v i o l e t  r ad ia t ion .  

P lan t s  were f i r s t  forced t o  adapt themselves t o  low temperatures. 
A. A. Gr igorfyev (1956) no tes  t h a t  during droughts and f r o s t s  the  reac- 
t ions  of p l a n t s  a r e  s i m i l a r :  i n  both cases withering occurs.. iiowever, 
during f r e e z i n g  dehydration i s  the  r e s u l t  of the formation of i c e  crys- 
t a l s  i n  t h e  i n t e r c e l l u l a r  spaces ( l e s s  commonly, wi thin  the  c e l l s ) .  
This process thus  amounts t o  a removal of water  from the  co l lo ids  of 
plasma. I n  o rder  t o  avoid t h i s ,  p l a n t s  develop a s e r i e s  of adapta- 
t ions ,  change t h e i r  anatomical s t r u c t u r e  and the  s t r u c t u r e  of vegetative 
organs, decrease  t h e  s i z e  of t h e i r  leaves,  acquire  a waxy coating,  e t a -  
In the  organs the re  is an increase  i n  t h e  amount of some soluble  sub- 
stances, of t h e  s imples t  sugars,  making d i f f i c u l t  both the  evaporation 
of moisture and i t s  c r y s t a l l i z a t i o n  a t  negative temperatures and a t  the  



same time pro tec t ing  p ro te in  from coagulntion.  I l a r g e  amount sugllr 
increases the  r e s i s t a n c e  of p l a n t s  t o  win te r  cond i t ions ,  lowering the 
a c t i v i t y  of t h e  organism, f o r  example, of b rea th ing ,  by two or three 
times. 

This sa;no author w r i t e s  t h a t  another  oi' t h e  adapta t ions  of high 
m.,untain p lan t s  c o n s i s t s  i n  t h e  appe<trance from t h e  beginning of the 
growing season of ox id iz ing- res to ra t ive  l)rOCeSses, a s  a r e s u l t  of h i c h  
t he re  i s  an increase  i n  -the p l a n t s  i n  t h e  amount of rnuoous substances of 
h ~ . n i c e l l u l o s e s  end albuninous ni t rogen,  v i tamins  and p i p e n t s .  gxi -  
diz ing- ras to ra t ive  processes i n  conjunct ion w i t h  an i n t e n s i f i c a t i o n  in 
the  production of sugar inc rease  t h e  inanuf~c ture  of ascorbic  acid, that 
i s ,  or vitamin C. 

An i n t e n s i f i e d  exposure t o  u l t r a - v i o l e t  r a d i a t i o n ,  however (the 
e f f e c t  i n  such q u a n t i t i e s  i n  t h e  p l a n t  i s  g e n e r a l l y  unfavorable),  
causes the  development of vitamin D i n  t h e  p l a n t  organs,  having, in  
p a r t i c u l a r ,  t h e  property of s t rengthening t h e  r e s i s t a n c e  of arli~nals 
agains t  disease-causing microbes. 

The s o i l s  and tho condi t ions  f o r  s o i l  formation i n  a large  part of 
the  t e r r i t o r y  of T ibe t  a r e  very s i m i l a r  t o  the  s o i l s  of t h e  Eastern 
Pamirs. (L .  S. Berg m i t e s :  'I... the  Pamirs (Xastern)  -- are  an unusual 
high mountain d e s e r t ,  i n  t h e i r  n a t u r a l  cond i t ions  c o n s t i t u t i n g  a corner 
of Tibet" (1948, page 220.) For Tibet ,  as f o r  t h e  Pamirs, mountain - 
ranges are  c h a r a c t e r i s t i o .  Between them nre s i t u a t e d  gently-sloping 
or  h i l l y  p le ins  wi th  t h i c k  s t r a t a  of a l l u v i a l ,  d e l u v i a l  and proluvial 
deposi ts ;  the  slopes of t h e  mountain ranges a r e  covered wi th  deluvium 
and t h e i r  broad f l a t t e n e d  water sheds a r e  covered wi th  eluvium. depos- 
i t s  of both water and non-water borne products i n  t h e  main consis t  of 
coarse, l a rge  rubble mate r ia l  which serves  a s  t h e  mother rock f o r  the 
forming of s o i l s .  

As a r e s u l t  of the  f a c t  than an immense i n t e r i o r  r eg ion  of Tibet 
has no drainage t o  the  ocean and i s  c h a r ~ c t e r i z e d  by a d r j  cl imate,  the 
s o i l s  here have a general  tendency t o  s a l i n i t y ,  t h e  more so t h a t  the 
e leva t ion  of the l o c a l  base l e v e l s  i s  only a l i t t l e  below t h e  plains 
surrounding them and t h e  mat ter  i n  s o l u t i o n  i s  c a r r i e d  i n t o  the s o i l  
and then i n t o  the subsurface waters  wi th  g r e ~ t  d i f f i c u l t y .  To any con- 
s iderable  e x t e n t  only such e a s i l y  dissolved m a t e r i a l s  a s  ch lo r ides  and 
sulphates  a re  c a r r i e d  away vihile carbonates,  e s p e c i a l l y  calcium carbon- 
a t e ,  accwnulate i n  the  s o i l s .  

Under t h e  condit ions of an a r i d  and cold  c l imate  t h e  process of 
s o i l  formation, e s p e c i a l l y  the formation of c l a y e l  m a t e r i a l  and the  
decomposition of remnants of p lan t s ,  proceeds very slowly. As a resul t ,  



,, a rule, the  s o i l s  of Tibet  a re  largegrained and f r i a b l e ,  most 
they a r e  sandy and usua l ly  conta in  pebbles or  gravel  (du 

Shen-su, 1953) 

Their t o t a l  th ickness ,  even i n  Steppe areas,  is  eevet-a1 c e n t i m e b r a  
the root  system of the  g rasses  r e s t s  d i r e c t l y  on t h e  hard mother 

rock. Very r a r e l y ,  and then only i n  steppe regions, one can encomter  
so i l s  whose fine-grained s t r a t a  w i l l  amount t o  as  much as  130 cen t i -  
meters. 

Southern Tibet ,  s i t u a t e d  t o  the  south of the  Transhimalaya water- 
shed, has a more d i s sec ted  r e l i e f  but  absolute  e leva t ions  lower than i n  
Northern Tibet  and a mois ter  and warmer climate.  I t  i s  character ized 
by a grea t  v a r i e t y  of vegeta t ion and s o i l s .  

These a r e  s t i l l  more var ied on the  southern slope of the  Great 
dimalaya Range, s ince ,  f i r s t ,  t h e  southern slope of the  m i n  range 
blocks t h e  major i ty  of t h e  moisture of the  Indian monsoons; i n  the 
second place, due t o  t h e  southern exposure the  temperatures here a r e  
higher; i n  t h e  t h i r d  place ,  the  abeolute e leva t ions  from 6,390 a e t e r s  
and ~nore a t  t h e  c r e s t  drop down t o  200 meters a t  t h e  f o o t  of the  range, 
a t  the point  of t r a n s i t i o n  t o  the Indo-Gangetic Lowland. A 1 1  t h i s  
determined no t  only the  v a r i e t y  end wealth of t h e  soi l -vegeta t ion cover, 
but a l s o  the  clearly-expressed v e r t i c a l  zonal i ty .  

Thus, i n  T ibe t  we can d i s t i n g u i s h  four  main regions,  i n  each one of 
which predominates one type o r  another of vegeta t ion and s o i l :  1 -- the  
northern, occupied f o r  t h e  most p a r t  by a t y p i c a l  desert-high mountain 
vegetation on corresponding  oils and embraoing t n e  nor thern p a r t  of t h e  
Changtang; 2 -- t h e  reg ion  s i t u a t e d  t o  the  south of t h e  f i r s t ,  with a 
primary d i s t r i b u t i o n  of steppe vegetation,  on steppe s o i l s ,  s imi la r  t o  
chestnut o r  ohernozem s o i l s ;  3 -- t h e  region wi th  vegeta t isn  of a 
meadow-steppe type on meadow-steppe s o i l s  m d  occui>ying p r h ~ r i l y  
Southern Tibet ;  4 -- t h e  region with typ ica l  L'orsst and ! ~ I ~ R ~ o w  vegeta- 
t ion  on f o r e s t  and meadow s o i l s .  This region embraces the  southern slope 
of the  Cres t  n inalaya Range ar~d the  extrene e s s t e r n  pnr t  of t n e  Tsangpo 
8asin. 

I n  connection wi th  t h e  f a c t  t h a t  i n  each of these  regions the re  
prevai ls  p r i n c i p a l  types  of vegetation and s o i l s ,  the re  a re  individual  
but im2ortant l o c a l  d i f fe rences  i n  r e l i e f ,  c l i n ~ t e  and g e ~ l o g i c a l  s t ruc -  
ture, t h e  so i l -vege ta t ion  cover i n  r c a l i t y  i s  s u b s t a n t i a l l y  more varied,  
and i n  add i t ion  t o  tine qa jo r  types  of vegeta t ion and s ~ i l s  mentionad 
there a r e  s t i l l  othere.  

To sum up, we can mention these.  



High mountain dese r t .  L e s e r t  landscapes  Occu~>y tho major of 
the llorth Tibetan pla teau.  They e r e  formed under condi t ions  of extrelne 
a r i d i t y  and c o n t i n e n t a l i t )  of c l i m ~ t e  and very  low t c l i ~ ~ ~ c r s t u r ~ ~ ,  uesert 
s ~ i l s  a re  found Ilero, d i s t ingu i shed  b . ~  R r n t h e r  low humus contrnt  
predominance of ptlysical r a t h e r  than chemical p o c e s s o s  of .vc?trlorin# 

0' 

This i s  due t o  t h e i r  predo~ninantlf  snnd, ~ n d  psbbly mochqnicql coqpo8i- 
t ion ,  high gravel  content  end t h e  sc l r c e l y  no t i cenb le  J i s s e c t i  31, On t he  
' ~ l r j z o n .  I n  these  d e s e r t  s o i l s  b i o l o g i c n l  2rocessz.; a r e  al.nost cu,npletel, 
su2pre~sed ,  RS a 1-es1-llt of which they  a r e  d i s t i n g u i s h e J  by l i t t l e  fro.? 
rock ulltouched b) s o i l  f  Tmation.  3 f t e n  t h e s e  s o i l s  nre  c ~ r b o n ~ ~ ~ ~ ~ ~  
m d  sometimes they nre of t h ~  Solonch~': typo,  e s p e c i a l l ~  i n  the depres- 
sion.;. In regions where t h e s e  s o i l s  a r e  d i s t r i b u t e d  t h e r e  a r e  expanses 
covered by a  s o l i d  co~nple te ly  bare armor of g r a v e l  and pebbles. Such 
"dead land," t o  use the  express ion used by i d -  V- P e d s o v ,  i s  especially 
c h a r a c t e r i s t i c  of the f o o t h i l l s  of t h e  hunlun ranges .  This i s  in  the  
f u l l  mznning of the  work a  gravel-pebble d e s e r t  i n  which it i s  possible 
to  f ind  only s c a t t s r e d  growing p l a n t s .  

I n  the  dese r t  regions of t h e  Tibetan p l a t e a u ,  p l a n t s  do not form a 
continuous cover but  a r e  s i t u a t e d  s cons ide rab le  d i s t a n c e  from one 
another. They have a  dopressed appearance, they a r e  low i n  s i ze  -- from 
2 t o  5-6 centimeters and only r a r e l y  up t o  15. I n  a d d i t i o n ,  the plants 
are f l a t t e n e d  out and the  leaves  and f lowers  a r e  pressed t o  the ground. 
J f t en  they form h i l l o c k s  o r  p i l lows.  This p roper ty  of t h e  s t ructure  of 
p l an t s  i s  explained by t h e i r  d e s i r e  t o  safeguard themselves from being 
to rn  out  of t h e  s o i l  by the  s t rong winds and p r o t e c t  themsolves from 
excess evaporotion and caoling.  I n  c o n t r a s t  t o  t h e  s u r f a c e  organs, the 
root  system i s  very s t rong ly  developed. The r o o t s  a r e  u s u a l l y  fleshy or 
i n  the  form of a  massive t h r e a d l i k e  tuber .  

The s n t i r e  vegeta t ive  cycle  from the moment of awakening from winter 
s leep  t o  the f lowering and giving f o r t h  of f r u i t  of t h e  p l ~ n t s  of the 
d e s e r t s  of Northern Tibet  takes  p lace  wi th  e x t r a o r d i n a r y  r a p i d i t y  -- i n  
t h ree  or  four months. Such speed i n  t h e i r  development i s  due t o  the 
abundance of sun l igh t ,  t h e  s t rong  i n f l u e n c s  of d i r e c t  s o l a r  radia t ion on 
the s o i l  and plan t s  under condi t ions  of g r e ~ t  t r ansparency  and rarefac- 
t i o n  of' t he  :~trnosphere and a l s o  t h e  adap ta t ion  of most p l a n t s  t o  the 
shor t  growing season. In  severa l  p l a n t s ,  a s  i n  t h e  tundra ,  l e a f  and 
flovjer buds formed i n  t h e  preceding growing season su rv ive  t h e  winter* 
The f reezing of seeds inc reases  t h e i r  g e m i n a t i o n  b u t  does no t  influence 
thc  continuing development of t h e  p lan t s .  ( I n  h i s  t ime Sandberg 
exl)re s sed the  idea  t h a t  e g r e ~ t  s  t i q u l a t i n g  in f luence  on t h e  vegetative 
cycle i s  exerc ised by the  ac t ion  of t h e  i n t e n s e  co ld  a t  the  rool;s and 
the  subsurikce vegeta t ive  p a r t  of t h e  p lan t .  This causes a  re tarded 
alnakening of the  p lan t  but  c r e a t e s  a  l a t e n t  s t imulus  f o r  i t s  l a t e r  rapid 
~~evelopment which t h e  sun f a c i l i t n t e s .  ) 



Since the  Tibetan highland and t h e  Eastern P m i r s  qre very similar 
in natural  condit ions,  then,  evident ly ,  the  vegetation i n  the deser t  
regions of Tibet  a s  -11 a s  i n  t h e  Eastern  Pamirs, dewlope ~ e g e t ~ t i - 1 ~  
in a way s imi la r  t o  t h a t  occurr ing i n  the tundra. 

The vegeta t ion cover of d e s e r t  s ~ i l s  c o n s i s t s  of occasional bushes 
of willow ( ~ u r o t i a  ce ra ta ides ) .  gor 'kushi ( ~ a u s s u r e a  subulata),  
faather grass  D meadow g r a s s  , 1 ~ 8  g r s s  8, fescue (hcantholimon diapens- 
aides) , capse l l a  (Capsel la  T~insoni i ) ,  a s t raga lus  ( ~ s t r a ~ a l u s  iialcolmii), 
thermopsis (Thermopsis inf l a t a ) ,  lousewort ( ~ e d i c u l a r i s  c h e i l a n t h i f ~ l i ~ ) ,  

(Artemisia ~Vel lby i )  and others .  ( ~ c c o r d i n ~  t o  data from ~ s y m '  
chun-ehu, U Chzhen-i, Chenl -Chan-du Physical-Geographic Regionalization 
of China, 1957, and sandberg). 

Despite t h e  very severe n a t u r a l  condit ions,  wr i t es  Sandberg, here,  
even in the  a lp ine  zone, i n  t h e  passes  f i n e  b r i t t l e  p lan t s  wi th  beauti-  
fu l  flowers grow, wi ths tanding severe winds and sununer nocturnal  f r o s t s .  
Their sterns reach 12 cent imeters  i n  length  and they climb along the 
c l i f f s  t h a t  s h i e l d  them from the  wind. Poppies are  espec ia l ly  f ine .  
The Tibetan horned poppy (~beconopsis acu lea ta  and 51. horr idula)  has 
wonderful blue f lowers  with golden stamens. The stem, leaves and seed 
pods have thorns.  On one stem t h e r e  a re  10-12 luxurious flowers. 
(For the  purpose of safeguarding i t s e l f  Prom an excess of u l t r a v i o l e t  
rays the Tibetan poppy developed a number of p ro tec t ive  adaptations, one 
of them being t h a t  t h e  r e d  flower t o  which we a re  accustomed has been 
replaced by a blue one.) Luxurious and beau t i fu l  are  a l s o  the purple 
aster  ( ~ s t e r  t i b e t i c u s ) ,  s t rong ly  emelling Indian nard (Nardostachie 
Jatamansi), yellow ir is ,  Tibetan forget-me-not   yos sot is a l p e s t r i s ) ,  
the b r igh t  blue f lowers  of which a r e  l a r g e r  flowers than our fo rgo t -  
me-nots, and Andros ace chrunae j asme. 

fligh mountain steppes.  I n  the  southern and eas te rn  p a r t s  of 
Northern Tibet  h igh mountain steppe landscapes have developed. They 
are t y p i c a l  f o r  t h e  southern and eas te rn  Changtang and f o r  the  Trane- 
himalaya, which have r e l a t i v e l y  higher humidity. The vegetation oover 
here i s  developed considerably  b e t t e r  t'nan i n  t h e  high mountain deser t .  
I t  forms an almost oontinuous although most commonly a low-lying cover, 
with the except ion of t h e  v a l l e y s  i n  t h e  eas tern  p a r t  of t h e  Trana- 
himalaya where t h e r e  a r e  good pastures .  Sometimes the general ly  steppe 
type of vegeta t ion has f e a t u r e s  of a meadow vegetation,  a s  was noted by 

!do Przheval lskiy ,  who wrote about t h e  mixture of steppe and a lpine  
f l o r a  c h a r a c t e r i s t i c  of t h e  Tibetan highland: f i r s t  steppe vegetation 
climbs from t h e  v a l l e y s  up t h e  s lopes  of t h e  ranges, then a lpine  types 
of vegetation drop down i n t o  t h e  steppe va l l eys  from the  very wet water 
divides . 



The main cons t i tuen t s  i n  t h e  s teppe v e p t a t i o n  a r e  various rapidly 
vegetating v a r i e t i e s  of meadow g r a s s  ( p r h a r i  l y  l'oa a lp ina ,  P. nemoraliaj, 
f e s tuca   liceri ria) , f e a t h e r  g r a s s  ( S t i p a  pennata) and sometimes couch 
grass  ( ~ ~ r o ~ y r w n  ~horoldianum).  I t  is  on t h e s e  g r a s s e s  t h a t  *rild 
hoofed and rodents feed. 

~t g r e a t  e l eva t ions  (up t o  5,800 meters)  c h i e f l y  on t h e  mountain 
passes of the  steppe zone, g i a n t  a r e n a r i a  (Arenar ia  holos teoides)  is 
found most commonly, forming s p h e r i c a l  p i l lows  from 20 t o  25 centimeters 
i n  diameter, two v a r i e t i e s  of belphiniurn (D. i3runonianum, D. g lac ia l i s ) ,  
s evera l  v a r i e t i e s  of wormwood, ns t raga lus ,  Saussurea  ( e s p e c i a l l y  S. 
t r i d a c t i  l u s  , S . glandu l ipe ra ) ,  ;dicroula Bentami, Dracocephalum getero- 
p h i l l m ,  and a l s o  Sedurn Stracheyi ,  Arenaria H o y l e ~ n a ,  Thermopsis inflat&, 
P o t e n t i l l a  po lyc r i s t a ,  Corydalis  t i b e t i c a ,  P e d i c u l a r i s  t u b i f l o r a  and 
s i x  v a r i e t i e s  of Oxitropis.  V a r i e t i e s  of 0. c h i l i o p h i l l a  and 0. 
physocarpae form la rge  f l a t t e n e d  p i l lows  on t h e  ground i n  t h e  form of a 
c i r c l e .  These a r e  pe renn ia l  p l a n t s  i n  which, as  t h e  c e n t e r  d i e s  out, 
new runners grow out,  a s  a r e s u l t  of which a r ing-shaped p i l low i s  
formed. 

As a r e s u l t  of t h e  unfavorable c l i m a t i c  cond i t ions  and especial ly 
due t o  the  low mean annual temperatures,  woody v e ~ e t a t i o n ,  requir ing a 
mean J u l y  t e m p e r ~ t u r e  of no 105s than lgO,  grows n e i t h e r  i n  the  desert 
nor steppe zones. Only on the  e a s t e r n  shore  of Lake Nam Tsho i s  there 
found R woody juniper  (Juniperus  squamosa). There a r e  Pew bushes here 
and those  e x i s t i n g  a r e  predominantly f l a t - l y i n g  and creeping.  The most 
widespread i s  t h e  white willow bush ( t e r e s k e n ) ,  growing almost every- 
where on the c l i f f s .  This p lan t ,  t y p i c a l  of t h e  rock a r e a s ,  i s  rare ly  
met wi th  on s a l i n e  expanses. Among t h e  bushes t h e r e  i s  Caragana pygmea 
with yellow flowers and thorns  and which i s  a good f u e l .  Elms grow in  
spots  on d r i e r  s lopes  and of tent imes  i n  t h e  more s h e l t e r e d  val leys .  
Among o the r  bushes usual ly  growing i n  t h i c k e t s  on a l l u v i a l  s o i l s  are 
Ayr ica r i a  germanica, a  r e l a t i v e  of tamarisk,  and a l s o  Tanacetum t i b e t i -  
cum, honeysuckle -- Lonicera qu inque locu la r i s  and L. g lauca ,  Sphedra 
Gerardiana. i!ot one of them a t t a i n s  a h e i g h t  of more t h m  15 cen t i -  
meters a t  g r e a t  e l eva t ions .  And only on the  southern  s lopes  of the  
southern ranges of the  Trsnshimalaya does t h e  number and s i z e  of the 
bushes increase .  Acre i s  found a bushl ike  jun ipe r  ( ~ u n i ~ e r u s  innrva), 
a  g r e s t  number of' busiles -- Berber is ,  Caragana juba ta  and C .  pygmaea, 
duddleia t i b e t i c a .  

S o i l s  of mountain steppes a r e  r i c h e r  i n  humus rind heav ie r  than the  
s o i l s  of t h e  highland dese r t .  depending on t h e  q u a n t i t y  of humus, part 
of them a r e  s i m i l a r  t o  ches tnut  s o i l s  and p a r t  a r e  s i m i l a r  t o  chernozems 
do~vever, they have a s e r i e s  of s p e c i f i c  f e a t u r e s  -- t h e  coarse  composi- 
t i o n  of humus, i t s  high content  i n  the  upper p a r t  oP t h e  p r o f i l e  and a 
rapid  decl ine  down~vard i n  the p r o f i l e  and a l s o  t h e  f r e q u e n t  absence of 



e luv ia l -ca rb~na te  horizons assoc ia ted  wi th  a weak tern20 of m a t h e r i n g  
and the small th ickness  of t h e  e o i l  2 ro f i l e .  The s o i l s  of  high moun- 
tain steppes a r e  t h e  ~ o s t  f e r t i l e  on t h e  Tibetan plateau,  but due t o  
mfmvorable c l i m a t i c  condi t ions  they a r e  n a t  used f o r  ou l t ive t ion  
but the regions occupied by t iem a re  used as  pas tures .  m i c u l t u r a l  
centers e x i s t  only i n  i s o l a t e d  s p t s  -- a t  the  v i l l a g e s  of h b a ,  Sendeha 
(near Lakes Sangraym and ~ z h a r i n g )  and Rudok. The l ightness of thee= 
*oils  a l so  does n o t  favor  c u l t i v a t i o n .  

Valley steppes.  In  t n e  va l l eys  of Southern Tibet ,  having eleva- 
tions of l e s s  than 4,300 meters, steppe vegeta t ion a l s o  predaminates, 
b u t  i n  c o n t r a s t  t o  t h e  h igh  mountain steppes the  grass  cover here is  
considerably higher.  This i s  associa ted with Warner olimatio conditions. 
The annual t o t a l  of p r e c i p i t a t i o n  i n  the  steppe va l l eys  i s  g r e a t e r  (500 
millimeters and more) than in t h e  high mountain steppes and only high 
evaporation causes t h e  deve lo~ment  of r e l a t i v e l y  drought-resist ing 
vegetation, n o t  forming a oon t inwus  cover and made up (syao Tsyaat- 
Chun' , 1954) of S o p h o r ~  ( ~ o p h o r a  ~ o o r c r o f t i a n a ) ,  wormwood ( ~ r t e m i s i a  
salsoides),  a s t r a g a l u s  { l s t r a g a l u s  t i b e t i c a j  and a l s o  imperata, os t ro-  
lodka (Oxytropis) ,  barberry,  nyp2ophae rhamnoides, on r i v e r  shoals.  
Chestnut carbonate s o i l s  have developed i n  these  valleys.  There is  l e s s  
humus i n  these  s o i l s  than i n  the  steppe s o i l s  of t h e  Transhimalaya. A 8  

the amount of humus decreases  they become brown i n  oolor. 

The zone of s teppe ches tnu t  brown carbonate s o i l s  i s  the main agr i -  
cul tura l  region of Tibet .  But even here  along the  va l l eys  o f  the  uzichu, 
~iyangchu and t h e  Tsangpo i t s e l f  a r e  encountered Solonchaks and s a l i n e  
s o i l s  i n  which f e a t h e r g r a s s  and some c e r e a l s  grow e a s i l y  withstanding 
drought and s a l i n e  s o i l s .  

ideadow-steppe vegetation.  This vegetation occupies a l a rge  p ~ r t  
of the  a rea  of Southern Tibet ,  t h e  lower p a r t s  of mountain slopas and 
some val leys .  A s  a r u l e ,  expanses covered wi th  such 'oegeliation are good 
natural  pas tures .  A t  e l e v a t i o n s  below 4,330 meters moist  places a r e  
occupied p r i n c i p a l l y  by Tibetan sedge and f o x t a i l  grnss   lopecu cur us 
pra tensis) .  

From 4,000 t o  4,300 meters on the  s lopas  of the  l w e r  mountain 
spurs where the  vegeta t ion cover forms e s p e c i a l l y  r i c h  pas tures ,  the re  
are numerous r e p r e s e n t a t i v e s  of v a r i e t i e s  of Lfelilotus, Tar~xacrrm, 
Potent i l l a ,  Tanscoturn, I r i s  (I. cuaaonens i s )  , and a l s o  Tolygonum, 
Oxytropis, Festuca, l'edicularis, Poa and, a s  everywl~ere, Csrex X90r -  
c r o f t i i .  (1n t h e  province of Tszan, f o r  these  e levat ions ,  S w m i  Prana- 
vanmdra a l s o  inentions Chelidonium dicranoetigma, Xconitun luridurn, 
Papaver undicaule. ) 



.$t e leva t ion  of 4,500 meters a r e  ancountered b e a u t i f u l  grassy 
p l a t s  of rose primula, ~ i c t u r e s q u e l y  border ing snow f i e l d s  and s t i l l  
higher, more of ten thsn  o thers ,  one encounters  S R U S S U ~ ~ R  m d  Astrngal. 

bong t h e  South Tibetan pss tu rea  tl:c 1ec; t  used a r e  the  pasturea , 
near  Lakes Uanasarowar and Rakas an3 t h e i r  ex tens ions  i n t a  the  headvraters 
of t h e  Tsangpo val ley.  Smmi Banavanandrn n o t e s  t h a t  they reinind one 
of a mottled rug wi th  b r i g h t  co lo rs  (1950). I t  i s  i n t e r e s t i n g  t o  note, 
however, t h a t  c l i m a t i c  cond i t ions  i n  t h i s  region change so  shsrply in a 
small a r e a  t h a t  somewhat t o  one s i d e  from t h e s e  l a k e s  t h e  pleasant pic- 
t u r e  of f lowering p a s t u r e s  sor~lehow disappeers  n t  once. I n  i t s  place 
depressing landscapes r i s e  before  t h e  eyes where br ight ly-colored alpine 
f l o r a  i s  replaced by t h e  faded tones  of d r i e d  g r s s s r s  which a re  so hard 
and shsrp  t h a t  3.vami Pran~vanandra  compares them w i t h  knives.  

Leadow-steppe vege ta t ion  grows on mountain meadow-steppe s o i l s .  
These s o i l s  d i f f e r  from s teppe s o i l s  by having a h igher  humus content in 
the  upper p a r t  of t h e  p r o f i l e ,  complete leaching of n l l  s a l t s ,  including 
carbonates,  and a weakly a c i d  reac t ion .  

Yountain meadows. Ind iv idua l  mois ter  mountain chains  of Southern 
Tibet ,  exposed t o  monsoon winds, and a l s o  t h e  w e t t e s t  f l a t  peaks i n  
nothern regions  ( t h e  c r e s t s  of th-. Tmghla,  dunbure, e t c . )  have a cover 
of mountain-meadow vege ta t ion  in which t h e  main r o l e  i s  played by Cobre- 
s i a  t i b e t i c a .  y,'!idely d i s t r i b u t e d  a r e  var ious  gen t ians  ( k n t i a n a ) ,  
c inquefo i l  ( ~ o t e n t i l l a ) ,  crowfoot ( ~ a n u n c u l u s ) ,  s ~ x i f r a g e  (saxif raga) ,  
edelweiss (~eon topodiun) ,  primroses ( ~ r i r n u l a ) ,  rgck jnsmine ( Andros~cea), 
stonecrop (~edum) ,  onions (Bllium) and others .  I n  Southern Tibet  below 
t h e  meadows appear t h i c k e t s  of rhododendrum, forming a t r a n s i t i o n  t o  the 
f o r e s t s .  

Ibuntain-meadovr s o i l s  have a s t i l l  more s c i d  r e a c t i o n  than  mountain- 
steppe s o i l s ;  they have more o r g m i c  mot ter  i n  them and t h e  drop i n  i t s  
content downward i n  tile p r o f i l e  i s  s t i l l  sharper.  Yountain meadows 
c o n s t i t u t e  good pastures .  Lountain-meadow s o i l s  a r e  u s u a l l y  not  t i l l e d  
since here ,  under condi t ions  of r z t h e r  h igh humidity, t h e  -~armth  i s  
inndequate f o r  t h e  maturing of c ; ~ l t i v a t e d  crops.  

Cf a  s p e c i a l  charac te r  a r e  t h e  assoc ia t ions  of pe renn ia l  grassy 
p lan t s ,  the  so-cal led  rnesophytic high grasses ,  spresd through the  moistest 
pxr-bs of southeastarn  Tibet .  daking up t h i s  high grRss complex the  most 
widespread kinds a re  L igu la r ia ,  acon i te  ( ~ c o n i t u m ) ,  delphinium, sa lv ia ,  
and .widely represented a r e  various kinds of m b e l l a t e  fami l i es .  The 
second Krassy growth under t h i s  high g r a s s  i s  u s u a l l y  ve ry  dense. .The 
mountain-meadow s a i l s  developing under t h i s  h igh g rass  a r e  character ized 
by a considerable t h i c h e s s  of a f i n e  grained l a y e r ,  deep pene t ra t ion  of 
humus and an acid  react ion.  
A 



The temperate c l imate  f o r e s t  has developed b e l m  zones of aountain 
They grow on brown f o r e s t  s o i l s  i n  the  extreme cas te rn  p a r t  of 

the TsangpO Basin and on t h e  southern s lope of the  Great dimalaya Range 
in the warm and moist  v a l l e y s  of the  T r i s u l i ,  Torsa and other r i ~ e r s  and 
in the L o n ' y ~ l .  

In the Tsangpo J a s i .  and a t  an e leva t ion  of 3,003-4,000 meters grow 
rnnixed f i r  f o r e s t s  (Abies S p e c t a b i l i s ,  A.  '..'ebbiana) with an undergrodh 
of rhododendrum. ( ~ e r e  and ill t h e  fu tu re  the  l i s t  of p lan t s  i s  niven - 
according t o  d a t a  from Chinese authors (physical-Geographic Begionaliea- 
tion of China [Fiziko-geograficheskoye rayonirovaniye Eitaya! 1957, and 
also sandberg.) I n  t h e  lower zone of these  f o r e s t s  a t  e levs t ions  of 
3,000 meters end l e s e ,  t h e  main t r e e  i s  t h e  tsuga (Tsuga dmosa) ,  
growing toge ther  wi th  t h e  f i r  ( ~ i c e a  spinulosa).  Larch (Lar ix  G r i f f i t -  
h i i ) ~ w s  on a r i d  s lopes  a t  e leva t ions  of 3,500 meters and below. 

, There i s  a vege ta t ion  of t r e e s  i n  the  eas te rn  p a r t  of t h e  Tsangpo 
,valley i t s e l f  and t h e  v a l l e y s  of i t s  t r i b u t a r i e s  -- the Xyangchu, 
Yarlung, Deichu Rivers and others .  dere  a r e  found f i r ,  pine, birch, 
hazelnut; i n  the  region of Lhasa s t i l l  grow juniper,  yews (Taxus baccata) 
end holly. Among t h e  orchard crops of Southern Tibet  a re  the s p r i c o t  -- 
the main f r u i t  crop, peaches, walnuts and pears.  

3n the  southern s lope of t h e  main range, i n  the val leys  of the 
Tr isul i  and Torsa Rivers and i n  t h e  :don-yul i n  the  upper zone are  found 
the spruce ( ~ i c e a  Xorinda) and f i r  (Abies ~ i n d r o w ) ;  on the  upper a r i d  
slope grow t h e  l a r c h  (Larex G r i f f i t h i i )  and f u r t h e r  down, the  -1iqa1ayan 
cedar ( ~ e d r u s  deodnra) and 2ine (pinus l o n g i f o l i a )  predominate. 

The zone of f o r e s t s  i n  Southern Tibet  and the  southern slope of t h e  
Himalaya a r e  n o t  used f o r  a g r i c u l t u r e  and only t o  R s l i g h t  ex ten t  fo r  the  
ra i s ing  of l ives tock .  Its economic s ign i f i cance  cons i s t s  i n  i t s  supplies 
of valuable t imber.  

In  t h e  western p a r t  of Southern Tibet  t r e e s  grow only i n  more 
favored places ,  continuous s tands  do n o t  form and t h e  vegeta t ion i s  
d is t inguished by a suppressed form. According t o  da ta  from Swami 
Pranavanandra (1950) such t r e e s  a r e  encountered i n  the  Puran v a l l e y  
(headwaters of t h e  Karnal i  ~ i v e r ) .  These include a low-growing willow 
and poplar and a v a r i e t y  of Cedrus beodara t h a t  i s  2-3 meters t a l l  and 
i n  wnich it i s  d i f f i o u l t  t o  recognize a c lose  kinship  wi th  the mighty 
dilnalayan cedar t h a t  l i f t s  its .nagnificent crown t o  a height of 43-53 
meters. 'Nillo-n and paplar,  and these  only i n  she l t e red  spots,  were 
encountered by Sven Hedin i n  t h e  S u t l e j  v a l l e y  a t  Tolingmata ( ~ o t l i n ) .  
h d i n  even saw a p r i c o t  t r e e s  i n  rocky sec to rs  a t  Shipki. Vsrious kinds 

of low-growing willow and poplar a l s o  grow i n  the  headwaters of the  
Tsangpo v a l l e y  and along some of i t s  t r i b u t a r i e s  and on c l i f f s  along t h e  
Doktal . 



Tropical  and s u b t r o p i c a l  f o r e s t s  of t h e  southern  slope of the 
dimalaya. 'Zhese f o r e s t s  have developed i n  I;he t e r r i t o r y  of zon-yul 
belovr the temperate zone f o r e s t s .  h t  e l e v a t i o n s  up t o  D00-1,000 meters 

and yellow mountain s o i l s  have a zone 0:' t r o p i c a l  f o r e s t  vegeta- 
t ion ,  and from 900-1,030 t o  2,003-2,590 meters  t h e r e  i s  a zone of sub, 
t r o p i c a l  f o r e s t s .  

It is  necessary  t o  use Hooker's d a t a  (J. a. dooker, 1907) to  
t h e  v e g o t a t i m  of t h e  :Jon-yul. This p e r t a i n s ,  it i s  true,  

t o  the vegeta t ion of Sik!ci:n and shutan,  neighbor in& on 'Pibet. Taking 
i n t o  account t h a t  i~on-yul i s  l o c a t e d  i n  a zone of s t i l l  g rea te r  moisture, 
it can be assumed t h a t  i t s  f l o r a  i s  r i c h e r  than  t h a t  of Sikkim and Bhutan, 
I n  general ,  the Eastern  dimalaya i n  b o t a n i c a l  r e s p e c t s  is  even richer 
than India.  %re  have been l i s t e d  4,300 f lower ing p l a n t s  and up t o  250 
species  of f e r n s  and spec ies  r e l n t e d  t o  thern, of vrllich e i g h t  a r e  woody. 

In  t h e  Eastern  Abnalaya (of w-hich t h e  Lan-yul i s  a p a r t )  there i s  a 
predominance of t e n  fami l i e s ,  arranged below i n  t h e  order  of t h e i r  pre- 
dominance. 

1. Orchideae, 2. Gramineae, 3. Leguminosae, 4. Compositae, 
5. Cyporaceae, 6. Urticaceae,  7. S c r o p h u l a r i n e ~ e ,  8 .  Rosaceae, 
9. Rubicoae, 13. Suphorbiaceae. 

For the  t r o p i c a l  and s u b t r o p i c a l  f o r e s t s  of t h e  sou th  of Tibet 
.'!ard mentions t h e  pine (pinus ~ h n s y a ) ,  n o t  found above 1,500 meters, 
the t i i rnal~yan pine ( P .  excels's), reaohing 2,500 meters,  and a l so  the -3,: 

maple i ~ c e r  caudstum and A .  s tachyophyllum) , oaks ( auercus glauca, 
11. G r i r f i t t i i  , ,a. i l e x  and o the r s  , iiLagn01ia Campbelli , :,!icheliri 
lanuginosa. 

Swe;nL)s and marshy expanses. In a l l  p a r t s  of T i b e t  a r e  encountored 
a reas  of swamp and marsh. Some o r  them a r e  a s s o c i a t e d  w i t h  t h e  f l a t  
poorly drained watersheds; o t h e r s  wi th  enclosed depress ions  and r iver im 
t e r r a c e s .  On t h e  f l a t  marshy watersheds,  widespread f o r  the most part 
between 3,900 and 5,000 meters,  meadow-swamp s o i l s  have developed. In 
these  s o i l s  grow sedge, Eleochar is  and o the r  mois ture  loving p lan t s -  
Such vegeta t ion and s o i l  types  a r e  encountered i n  t h e  Tanghla, Kuku- 
s h i l i ,  Dunbure and Kmrakorum Ranges. :Gore o f t e n  than  no t  on the  water- 
sheds and g e n t l e  s lopes  of the  ranges one can see  hmnocky swamp 
(motosh i r ik i ) ,  i n  whose vege ta t ive  cover Cobrosia t i b e t i c a  predominates* 

On t h e  margins of fresh-water l a k e s  meadow-s~vmp and pent-swamp 
s o i l s  have developed. The vege ta t ive  cover c o n s i s t s  of crowfoot 
(Ranunculus t r i c u s p i s ) ,  Tr ig lochin  p a l u s t r e ,  C ~ b a l ~ r i a e ,  rushes  (Juncus 



Thomsonii), Cochleria acapif  l o r a  and others .  Areas of p e a t - e m p  s o i l e  
mith correaponding w g e t a t i o n  a r e  found in Southern Tibet  a t  Lr_kes 
yamdok, Tsomo, Palgo and Trigu. Xarsny poorly drained s o i l s ,  espe- 
c i a l l y  i n  Northern Tibet ,  a r e  o f t e n  sa l ine .  

~n meadow s o i l s ,  forming under condi t ions  of good drainage (along 
brooks and streams),  t n e r e  i s  a predminance of s e d ~ e ,  p r inc ipa l ly  
Carex Zoocroftiana. 

Broad s t r e t c h e s  of land along lake shores, occupied by Cobresia 
and sedge, a r e  used a s  high-productive pas tures  and can serve as  an 
extremely important b a s i s  f o r  t h e  development of l i - res tock ra i s ing .  

I.!, 

Vegetation of Solonchaks and marshy Rreas. On the  broad p la ins  of 
Northern Tibet  wi th  i n t e r i o r  drainage,  Solonchaks and various marshy 
soils  have developed, among which predominate meadow Solonchak s o i l s ,  
b u t  marshy mamp s o i l s  a l s o  a r e  frequent.  Solonchaks occupy broad 
areas: oftentimes t h e  surface  i s  covered f o r  t ens  of kilometers with 
a crust  of s a l t s  among which ordinary s a l t  ( N a ~ l )  and sodium sulphate 
( ~ a ~ ~ 0 4 )  predominate. Most commonly both t h e  l a r g e s t  Solonchaks and 
s a l t  c rus t s  a r e  encountered t o  t h e  nor th  of 33O betmen 82 and 84' E. 
Solonchaks a r e  a l s o  found i n  Southern Tibet, although t o  a considerably 
lesser degree, i n  enclosed va l l eys  shielded by mountain ranges from t h e  
influence of the  Indian monsoon. 

Solonchaks a r e  o f ten  completely bare of vegete-tion; sometimes on 
them there  a r e  encountered c l e a r l y  obvious sa l t - loving p lan t s  -- n i t e r  
bushes, e tc .  The vegeta t ion of marshy meadow and swamp s o i l s  i s  repre- 
sented by a s p e c i f i c  assoc ia t ion  of p lants .  Li'ith s u i t a b l e  reclamation 
meflsures and proper a g r i c u l t u r a l  engineering t h e  marshy s o i l s  can be 
used f o r  t h e  sowing of a g r i c u l t u r a l  crops. A t  t he  present time work i s  
already being c e r r i e d  on f o r  the  upgrading of v i r g i n  lands i n  the  region 
of marshy s o i l s  near  Chushula i n  t h e  Dzichu val ley.  

Vegetation on t h e  f loodplains .  Flood2lain t e r r a c e s  of the  r i v s r s  
of Southern T ibe t  have coarse g r sve l ly  a l l u v i a l  s o i l s .  Often these 
flood p l a i n s  a re  s a l i n e  and i n  such cases they  have a vegetation cover 
with a predominance of tamarisks and other  sa l t - lov ing  plants .  

The f l a t  f lood  p l a i n  sec to rs  of t h e  Indus and S u t l e j  val leys ,  the 
a l luv ia l  fans  of t h e i r  t r i b u t ~ r i e s  and t h e  headwaters of the  Tsangpo 
River, a r e  charac te r ized  by tm absence of s a l i n i t y  and have dense over- 
growth~ of bushes : burrs,  Byppophse rhamnoiCes and utesnik -- Caragana 
versicolor.  The bushes grow more than a meter high and d i f f e r  consid- 
erably from t h e  bushes of Northern Tibet .  



ending our d e s c r i 2 t i o n  of t h e  n a t u r a l  vegeta t ion JP Tibet Ile 

should note t h a t  some wild-growing Tibetan p l a n t s  nre edible .  ThuB, the 
nodular tubers  C~donops i s  o w t a  a r e  bo i led ,  then  roas ted  and made into 
f lour .  Also e d i b l e  s r e  tile r o o t s  of l ' o t e n t i l l a  cnse r ina  ( s i lve r  weed), 
I t s  long and t h i n  stnrcil  tubers  a r e  roas t04  i n  o i l .  Also usetl for 
food a r e  the  meaty t u b e r s  of Arenaria. 

Cul t ivated vegeta t ion.  Tibetan a g r i c u l t u r e  i s  almost completely 
concentrated i n  t h e  T:;mlgpo v a l l e y  and on t h e  t e r r a c e s  of i t s  most impor-  
t a n t  t r i b u t a r i e s .  In  t h e  western p a r t  of t h e  Tsangpo va l l ey  there i s  no 
a g r i c u l t u r e  and it begins only t o  t h e  e a s t  of t h e  Ralung ilonast8:ry. From 
here and f u r t h e r  downstrea~n on t h e  t e r r a c e s  and a l l u v i a l  p la ins  of the 
Tsangpo i t s e l f  and i t s  t r i b u t a r i e s  every  sc rap  of lnnd i s  cultivated 
t h a t  i s  s u i t a b l e  f o r  t h i s  purpose. I n  general ,  however, i n  the western 
p a r t  of Southern T ibe t  oases a r e  encountered,  f o r  example, i n  the valley 
of t h e  Gartang River, i n  t h e  S u t l e j  Basin and i n  t h e  va l l eys  of the 
Xarnali and T r i s u l i  Rivers. Agr icu l tu re  i s  based on i r r i g a t i o n .  

The l i m i t s  of t h e  v e r t i c a l  boundary of s g r i c u l t u r e  i n  Tibet are 
higher than  anywhere e l s e .  G .  ' J .  Kovalevskiy (1938) considers  tha t  this 
i s  due t o  the  s t rong  a c t i o n  of d i r e c t  s o l a r  i n s o l a t i ~ n  which makes 
poss ible  a rap id  growth of p l a n t s  and a decrease  of t h e  growing season 
t o  t h e  minimum. 

The farmers of Tibet  graw c h i e f l y  bar ley,  buckwheat, legumes -- 
peas (Chinese and ~ n d i a n )  and beans. I t  has been e s t a b l i s h e d  than i n  
the case  of bar ley and o ther  c u l t i v a t e d  c e r e a l s ,  p a r t l y  a l s o  i n  the case 
of leguminous crops, the  s y n t h e s i s  of sugar i n c r e a s e s  very rapidly.  In 
connection wi th  t h e  high sugar content ,  a s  mentioned above, there  i s  an 
increased r e s i s t a n c e  t o  f r o s t  on t h e  p a r t  of t h e  p l a n t s  mentioned and of 
grnsses  a s  wel l ,  which a r e  capable of wi ths tanding temperatures as low 
as -20' and l e s s .  Tho syn thes i s ,  however, of inso lub le  carbons and 
p ro te ins  drops sharply.  The i n t e n s i f i e d  syn thes i s  of sugar, besides 
inc reas ing  t h e  high f r o s t - r e s i s t a n c e ,  inc reases  t h e  n u t r i t i v e  value of 
c e r e a l s  and legumes -- and grasses  as  wel l .  And if t h i s  i s  the  case, 
the  f a c t  t h a t  so many hoofed aniiaals l i v e  on t h e  sonnty pas tures  of 
Northern Tibet ,  a  f a c t  t h a t  has su rpr i sed  a l l  exp lore r s ,  becomes more 
understandable. 

I n  Tibet  two kinds of barleq a re  grown -- one w i t h  a t h i c k  husk 
( s o a ) ,  used p r imar i ly  f o r  t h e  feeding of animals, and t h e  o ther  awnless 
!ne). The l a t t e r  i s  very productive and l e s s  demanding, b e a r s  up under 
t h i n  s o i l s  and shallow plowing, r e q u i r e s  l i t t l e  f e r t i l i z e r  and i s  l e s s  
s e n s i t i v e  t o  c l i m a t i c  condi t ions  than i s  o the r  ce rea l .  



~t even grows a t  e l e v a t i o n s  of 4,500 maters, and st [)mba, an 
alevation of 4,650 meters. 

From the  ba r ley  ne the Tibetans rnanuf~cture  tszembu { a  f lour  from 
overroasted g ra in )  and beer. The bar ley  ne htis three  v a r i e t i e s :  
yanea or tukchune -- s f a s t  growing plant ,  r ipening two rnmths a f t e r  
sowing; chkha-ne -- an average v a r i e t y  and sermo-ne -- the  bes t  va r ie ty  
b u t  maturing l s t e r  than  t h e  others .  

Buckwheat of two v a r i e t i e s  i s  widely cu l t iva ted :  Pagopyrum emargi, 
called natum, coarse and c o l d - r e s i s t a n t  and F. esculentum -- the  best  
variety, which i s  grown i n  t h e  va l l eys  of t h e  Dzichu and Y ~ r l u n g  r i v e r s .  
The upper boundary of buckwineat reaches 4,270 meters. ,neat  i s  grown 
everywteio a t  e l e v a t i o n s  up t o  3,730 meters,  but  a t  an elevat ion above 
3,500 meters it of ten does n o t  mature. Also grown are  60-day oats ,  
:nillot, maize and rapeseed ( f o r  the  production of o i l  and oi lcake) .  
Sometimes in t h e  low-lying va l l eys  they sow m i l l e t  a f t e r  ea r l2  barley.  
The grain ha rves t s  a r e  good. 

The growing of r o o t  crops i s  widespread i n  Southern Tibet. The 
favorites of t h e  Tibetans i s  t h e  radish ,  occupying the  same area as 
barley; then t u r n i p s  and c a r r o t s  which a re  only grown i n  low-lying 
valleys and a re  a  luxury. There a re  two kinds of pots toes  -- s o f t  white 
and smooth red ,  of which many a r e  grown nemr Lhasa. %ions and g a r l i c  
also occupy an important pos i t ion .  

The most f e r t i l e  v a l l e y s  a re  the  Tsangpo i t s e l f  ( i n  tine eas te rn  
par t )  and i t s  t r i b u t a r i e s ,  t h e  Nyangchu and the  bzichu. I-Iowever, t:?e 
valleys of t h e  Yalung ( e l e v a t i o n  3,450-3,533 meters)  and the  Labrak 
(e levat ion 3,300-3,409 meters)  have t h e  reputa t ion of being t h e  r i c h e s t .  
In comparison wi th  o ther  v a l l e y s  they have a  warmer and moister  climate. 

Lhasa, t h e  c a p i t a l ,  i s  surrounded by green p lan ta t ions  wfiich a r e  
careful ly  tended. I n  the  c i t y  i t s e l f  and i n  the o u t s k i r t s ,  there  are  
f lour ishing gardens and green parks t h a t  beckon with t h e i r  a t t r a c t i v e  
appearance those  mountaineers vrho come t o  Lhasa f ron  the  dese r t s  of the  
Xorth Tibetan pla teau.  The Tibetans a r e  very fond of flowers: i n  the  
gardens of Lhasa and i n  t h e  gardens of the  inhab i tan t s  of other c i t i e s  
and monasteries s c a t t e r e d  along the  va l l eys  of the  eas te rn  p a r t  of 
southern T ibe t  t h e r e  a re  grown many nasturt iums, a s t e r s ,  marigolds and 
mallow. 

In  Northern Tibet  c u l t i v a t e d  p l a t s  a re  not grown except i n  i so la ted  
places, as,  f o r  exaiiple, near  the  c i t y  of Rudok and a t  the  v i l l a g e s  of 
k b a  and Sendzha, s i t u a t e d  i n  the  basins of t h e  large  Transhimalayan 



lakes where t h e  inhab i tan t s  grow b ~ r l e y .  En genera l ,  t h i s  is the 
world' 8 h ighest  b o u n d ~ r y  of a g r i c u l t u r e .  Barley L>osseuses  rea at 
r e s i s t ence  t c ~  f r o s t  and has a  s h o r t  growing season and  t h i s  i s  espeoiall 
important f o r  Northern Tibet .  

4 

AN IrfAL LIFE 

The animal l i f e  of 'I'ibat, l i k e  o ther  ~ l ~ m e n t s  i n  the  na tu ra l  land- 
scape, i s  d is t inguished by a  s i n g u l a r  makeup and c l e a r  difi'erencea in 
d i f f e r e n t  regions.  A l a r g e  p a r t  of thl: t e r r i t o r y  of Tibet ,  tha t  i s ,  the 
e n t i r e  dor th  Tibetan platenu,  t h e  Transhi lnal~ya and t h e  northern (and 
especia l ly  t h e  u 2 ~ e r )  p a r t s  of t h e  s lope of t h e  hi ma lay^ belongs t o  the 
dimalayan-Chinese sub-region of t h e  P a l e o a r c t i c  zoogeographic region, 
~t the  same time, t h i s  e n t i r e  t e r r i t o r y  i s  separa ted  i n t o  two special 
provinces. Completely dii ' i 'erent fauna l i v e  on t h e  lower p a r t s  of the 
southern slope of the  ~lirnalaya -- t h a t  i s ,  below 2,000 meters.  This 
p a r t  of Tibet ,  r e a l l y  only the  small  t s r r i t o r y  of ;Jon-yul, forms part of 
the  Indian sub-region of t h e  Indo-i.ialayan o r  Eastern  zoogeogr~phic  
region. 

In r e f e r r i n g  t o  the animnl l i f e  of T ibe t ,  we have i n  mind primarily 
the fauna of the  high pla teaus ,  i s o l a t e d  a t  t h e  p resen t  t ime from the 
influence of neighboring cdun t r i es  due t o  t h e i r  e l e v a t i o n .  I t  would be 
proper t o  begin wi th  t h e  o r i g i n  and c h a r a c t e r i s t i c s  of t h i s  fauna. 

The development of t h e  fauna oP Zen t ra l  Asia (and consequently, also 
t h a t  of Tibet ,  the  nor thern ? a r t  of which forms p a r t  of Cen t ra l  ~ s i a )  
took place, w r i t e s  E. M. iiiurzayev, under t h e  s p e c i a l  cond i t ions  of an 
in tense ly  con t inen ta l  cl imate.  As a  r e s u l t ,  it i s  e c o l o g i c a l l y  extremely 
diverse  and leads  t o  extremely unusual phenomena. Thus, t h e  absence of 
a  f o r e s t  b e l t  on many d e s e r t  ranges of Centra l  Asia l eads  t o  contact  of 
high mountain, a lp ine  and deser t -s teppe forms of fauna. The absence of 
snow r e s u l t s  i n  the  gather ing of a  l a i g e  number of b i r d s  of prey, feeding 
on rodents t h a t  do no t  n ibernate  (Foreign Asia [Zarubezhnaya ~ z i y a ] ,  
1956). 

A .  G .  aannikov (1953) c ~ n s i d s r s  t h a t  a predominance of open land- 
scapes together  with t h e  u p l i f t e d  na tu re  of t h e  country  and t h e  extremely 
cont inenta l  cl imate gives r i s e  t o  the  fauna of t h e  co ld  uplands of Tibet, 
the  rocky Gobi and tne  sands of the  Takla-iaakan. fiowever, i n  Tibet, in 
c o n t r a s t  t o  t h e  Gobi and the  Takla-Sakan, t h e r e  i s  a  predominance of a  
high mountain fauna complex whereas t h e r e  i s  a  d e s e r t  complex i n  the 
Gobi and the  Takla-Makan. 

I n  Tibet  as wel l  a s  i n  t h e  regions  of Cen t ra l  Asia adjoining t o  the 
north,  the  c o n t i n e n t a l i t y  and the  s e v e r i t y  of t h e  c l imate  have caused an 
impoverishment of a  s e r i e s  of' animal groups. liere t h e r e  i s  a  very small 



number of amphibians who can only  e x i s t  i n  a cl imate of considerable 
moisture and high temperatures.  There is  a small number of r e p t i l e s  -- 
w a m t h - l ~ ~ i n g  animals t h a t  a r e  s e n s i t i v e  t o  low temperatures. Since 
there are few i n s e c t s  i n  T i b e t  due t o  t h e  cold cl imate,  so a l s o  t h e r e  
ere few i n s e c t  e a t i n g  b i r d s  i n  t h e  fauna, e speo ia l ly  those t h a t  feed i n  
f l i g h t  -- f l y  c a t c h e r s ,  swallows, swi f t s ,  goat-suckers. Bats a re  few 
because they a r e  S e n s i t i v e  t o  low night  temperatures and winds. Final ly ,  
as a r e s u l t  of t h e  l i t t l e  snow during Tibetan winters  and the pebbly 
nature of t h e  s o i l  t h e r e  a r e  few such insec t ivores  as  moles and shrews. 
& the o ther  hand, due t o  the  open na tu re  of the  landscapes, t h e  winter  
with l i t t l e  snow (which permits year-round easy access t o  food on the  
!ground) and a l s o  due t o  t h e  absence of i n s e c t s  harmful t o  animals, 
especially i n  t h e  nor th ,  t h e r e  a r e  very many hoofed animals, r e l ~ t i v e l y  
more even than  i n  Cen t ra l  Asia i n  genera l ,  the  more so s ince  expanses of 
Northern Tibet  a r e  t o t a l l y  unpopulated and a r e  r ~ r e l y  even v i s i t e d  by 
hunters. 

A l a rge  p a r t  of the  spec ies  of wi ld  animals of Northern Tibet ,  and 
to n s u b s t a n t i a l  degree a l s o  Southern Tibet ,  belong t o  dese r t  and steppe 
fauna. A l l  t h e  animals a r e  well-adapted t o  severe n a t u r a l  condi t ions  of 
high-mountain d e s e r t s  and they form a c l e a r l y  defined b io log ica l  complex. 
aut t h i s  oomplex breaks down i n t o  two branches which involves a c l e a r l y  
expressed p a t t e r n  i n  t h e  p laces  where the  ind iv idua l  spec'ies l i v e .  Thus, 
the broad p l a i n s  of Northern T ibe t  and t h e  nor thern  s lopes  of the  Hima- 
laya a r e  populated wi th  animals loving open landscapes ; t h i s  enabla s them 
to  migrate f o r  g r e a t  d i s t a n c e s  i n  search of food and enables them t o  see 
threatening danger from a f a r .  This i s  e s p e c i a l l y  t r u e  of severa l  kinds 
of hoofed animals and b i r d s  and animals of prey t h a t  a r e  assoointed with 
them, 

The ex i s t ence  of such an assoc ia t ion  i s  explained not only by t h e  
modern landscape c h a r a c t e r i s t i c s  of T ibe t  but a l s o  by t h e  f a c t  t h a t  open 
landscapes have p reva i l ed  here,  s ince  ancient  t imes,  desp i t e  a s e r i e s  of 
mountain forming movements. From t h i s  it a l s o  follows t h a t  Tibetan 
fauna i s  extremely anc ien t  i n  i t s  o r i g i n .  

Among the  animals of t h e  open lmdscapes  the rnost s i g n i f i c a n t  and 
c h a r a c t e r i s t i c  animal i s  t h e  yak (~oephagus  grunniens  ray), which has 
survived nowhere e l s e  i n  the  wi ld  s t a t e .  The yak i s  a s t rong and 
s ingu la r ly  powerful animal, very t o l e r a n t  of condit ions,  superbly adapted 
to  l i f e  a t  g r e a t  e l e v a t i o n s ;  due t o  h i s  t h i c k  wool he does not s u f f e r  
from t h e  winds or  f r o s t s  of Northern Tibet .  

iis a remarkable ani:nal we can a l s o  po in t  out  the  widespread orongo 
antelope ( Pantholops hodgsoni) which usual ly  l i v e s  i n  groups of 5-40 
animals b u t  which ga the r  i n t o  herds numbering hundreds of head on good 
Pastures.  On t h e  south  t h i s  animal ranges as  f a r  a s  the watersheds of 



the  Transhimalaya, and On the  n o r t h  t o  the Russian,  SCOW snd Tsaidam 
Ranges. This large  nild s t a t e l y  animal has long t h i n  legs .  I t s  head is 
adorned with t h i n  and almost v e r t i c a l  horns UP .to 60 centimeters long, 

k lso  e x i s t i n g  i n  abundmce i s  m o t h e r  small  and extrnordii iari ly 
graceful  ant i lope,  the  aua antelope ( ~ r o c a ~ j r a  ~ i c t i c a u d a t a )  , which grazee 
i n  herds of 5-7 animals and ranges t o  t h e  inner  regions  of the  Ilimalaya, 
Like the  orougo, the ada antelope s a s i l y  makes g,rezt journeys i n  search 
of o e t t e r  pas tures .  

A t y p i c a l  animal of tile l jor th  Tibutzn p l a i n s  i s  t h e  kiang ('Zquus 
k i m g ) ,  a pr imit ive  horse c lose  t o  t h e  wi ld  ass .  In  s i z e  and outer 
appearance tne  k i a n ~  reseinbles a mule. These keen and t r u s t i n g  resi-  
dents of Tibet ,  Lather ing i n  herds of 10-50 animaln, sometimes even i n  
the hundreds, make extremely long journeys from one pas tu re  t o  another, 
the sene as do t h e  antelope. 

kLiang, yalc and antelope gather  i n  il~xnense herds i n  va l l eys  having 
ebundant fodder. Someti,mes t h e r e  a re  hundreds o r  thousands of hesd. 
~ F R S Y ,  f o r  example, 7,jrrites t h a t  he SAW a herd of antelope i n  northwestern 
l i b e t  t h a t  numbered 15,3?0 hesd. P rzheva l l sk iy  remarkably describes 
animal l i ? e  i n  Tibet :  "AlonL our way along tile r i v e r  the re  were con- 
s t a n t l y  seen wi ld  asses,  jalcs and anteloi)es. Ths t r u s t i n g  animals 
loo'ced wi th  s u r p r i s e  and c u r i o s i t y  a t  t h e  cnravan, almost without fear. 
lerds of :rl.-ild asses  withdrew only a l i t t l e  t o  one s ide ,  and the  whole 
group, turning as  t h e y  l e t  us pass by, sometimes even fo l lov~ed  behind the 
C ~ I I C ~ S .  9rongo and ada antelope calmly grazed and gamboled t o  one s ide  
or  ran along t h e  road i n  f r o n t  of our ,nounts; tile wi ld  yak who were 
rec l in ing  ~ f t e r  having ea ten  d i d  n f ~ t  bother  t o  g e t  up i f  t h e  caravan 
passed them by a t  a d i s t ance  of a q u a r t e r  v e r s t .  I t  seemed as  i f  we 
ilaci chanced i n t o  a primeval paradise  where men and animals s t i l l  did not 
!mow of e v i l  and s in . .  ." (b'rom Zajrsan through Xharni to Tibet . .  , I t  1948, 
page 172). 

The most numerous animals i n  .Iorthern and Southern Tibet  a re  rodents 
u:lich l i v e  both on the  p l a i n s  and i n  the  clilPCs and f i e l d s  of t h e  alpine 
zme .  Among t h e  rodents .ve can mention two Lroups: l a r g e  rodents which 
dwell everywhere, and srnall rodents th . l t  l i v e  a s i d s t  tne  rocks. dy day 
the rodents are  ac t ive .  A t  n igh t ,  however, they remain i n  t h e i r  burrows 
due t o  t'le f r o s t s .  For dwelling $laces  f o r  roden t s  i n  T ibe t  the re  are 
favorable sites cons i s t ing  of t h i c k  s t r a t a  of d e t r i t a l  m a t e r i a l  i n  
which burrows can be e a s i l y  arranged. Thsre i s  a green nass  of plants 
with i s  adequate f o r  t h e  rodents ;  t h s t  i s  t h e i r  only food. The rouents 
usual ly  d ~ ~ v e l l  i n  l a rge  colonies  which c o n s i s t  of unusual ly  g r e a t  numbers- 



rhe v a r i e t y  of rodents  i s  n o t  g rea t ,  b u t  on t h e  other  h a d  there 

are grea t  Inany ~f them. i'rzheval'skiy i n  the eas te rn  p a r t  of the high- 
land and Sven rigdin i n  i t s  e a s t e r n  pa r t ,  i n  the  Transhimalaya and in 
southern Tibet ,  noted an hfnense number of burrows of these l i t t l e  mi- 
rials in  the  s o i l  and ground. 

The most widespread a r e  pika  o r  haystackers (dchotona) -- of four 
typtis.  hey received t r l i s  name because they  s t o r e  hay, accumulating it 
near the burrows i n  the  form 3f small hayricks or t r l e ~  $ W e  storehouses 
under the rocks. These a r e  very energe t i c  l i t t l e  creatures  who l i v e  i n  
steppe regions and i n  the  meadow margins of tile mountains. ilundreds of 
thousands of them nander about i n  d i f f e r e n t  d i rec t ions ,  h ~ s t i l y  bounding 
from burrow t o  burrow o r  s i t  mot ior~less ,  enjoying the  warmth of the 
SU'S rays. 

Yield voles ( ~ l t i c o l a )  Rre encountered i n  g r e a t  numbers.' Theee are  
l i t t l e  animals s i m i l a r  t o  q ice  but  they a re  downy and grey. They a le0 
store away food f o r  win te r .  Also numerous a r e  l a rge  Tibetan marmots 
( i ianota) wi th  t h i c k  brown fu r .  I n  con t ras t  t o  the  above-mentioned 
rodents they pass t h e  win te r  i n  h ibernat ion i n  t h e i r  deep (up t o  10 
meters o r  more) many-branched burrows. Ihere  nre numerous hares as 
well. I t  i s  i n t e r s t i n g  t o  note  t h a t  i n  the way of adaptation t o  the  
severe winter  f r o s t s  t h e  ' i ibe tan  hare, l i k e  h i s  brother,  the Arct ic  
hare, uigs a burrow or ,  i f  it i s  poss ible ,  s e l e c t s  as a d ~ e l l i n g  some- 
one e l s e ' s  o ld  burrow. 

rhe g r e a t  number of hoofed animals and rodents l i v i n g  on the North 
Tibetan p la teau  and the  even on the  gen t ly  sloping northern slopes of the  
liimalaya, i s  a ssoc ia ted  wi th  the  exis tence here of R group of predators,  
also p re fe r r ing  t h e  open na tu re  of the  a rea  and l i k i n g  the  a n o ~ l e s s  
Tibetan winters.  h'hereas t h e  absence of snow m ~ k e s  it easy f o r  hoofed 
animal6 and rodents  t o  g e t  food, the  openness of the  t e r r a i n  enables 
predators t o  spo t  antelope,  wi ld  asses  o r  rodents from a considerable 
distance away and t h e  absence of snow makes easy t h e i r  pursu i t .  Among 
the predators,  wolves a r e  t h e  most K i d e s p r e ~ d  (can i s  lupus) ,  p r i n c i p a l l y  
preying on ante lope and marmot, and a l s o  Tibetan blue foxes ( ~ u l p u s  
f e r r i l a t u s )  who l i v e  i n  l a r g e  famil ies .  Also numerous a re  'Dear8 (p ika  
eaters)  ( ~ r s u s  pruinosus) ,  d i s t ingu i shed  by small s i z e  and dex te r i ty ;  
th i s  bear rece ives  i t s  name from the  f a c t  t h a t  it feeds on pika which 
it gets  by digging up t h e i r  burro-xs. Corsacs (can i s  corsac) and other  
animals a r e  comnon on t h e  p la ins .  

Another branch of t h e  Tibetan f a m a  complex i s  made up of animals 
Preferring t h e  mountains over t h e  pla ins .  The most i n t e r e s t i n g  of them 

are sheep -- the  whi te  chested a r g a l  ( h i s  ammon) which graze on gen t le  
mountain slopes.  ::'ell-built, wi th  large  and shapely bent horns, a 
bright white ches t  and a proud g a i t ,  the  a rga l s ,  wri tes  Przheval'skiy, 



can be regarded a s  the  most magnificent a n i a a l  of t h e  Tibetan deserts, 
The kukuyman (pseudois nnchoor) a t t r a c t s  a t t e n t i o n  by i t s  finonoss 
~f l i n e  and f i n e  proportions,  half-goat,  ha l f  -sheep, dwel l ing 2rimarily 
i n  ~e inaccess ible  rocks of the  a l p i n e  zone. Besides these ,  there 
are  a l s o  othar  kinds of goats  and sheap. 

The form of l i f e  of t h e  mlirnals l i v i n g  i n  t h e  mountains i s  associ- 
a ted wi th  t h e  seasonal development of n a t u r a l  cond i t ions  i n  t h e  moun- 
t a i n s .  In  c o n t r a s t  t o  the  yaks, wild asses ,  m d  ~ n t e l o p e  which move 
about i n  search of food f o r  g r e s t  hor izon ta l  d i s t a n c e s ,  i n  l a rge  part 
independent of t h e  season of t h e  year, t h e  goa t s  and s h e e i ~  make ver t i -  
ca l  migrations:  i n  summsr they feed  on tho  succulent  high mountain 
Cobresin swamps and i n  s m e r  they move t o  low-lying and. warmer valleys. 
However, the  v e r t i c a l  migrations can have a reverse  d i r e c t i o n  when a 
g r e a t  deal  of snow f a l l s  i n  t h e  va l l eys .  I n  these  cases  t h e  animals 
climb up t o  places  where cons tan t  winds blow away t h e  snow, laying bare 
the  pasture.  

I n  the Xorth Tibetan mountains one a l s o  can see  such in te res t ing  
represen ta t ives  of t h e  animal world a s  t h e  snow leopard an el is manul 
and o thers ) ,  t o  the  south of t h e  Tanghla Range t h e  white chested musk 
deer (Cervus a l b i r o s t r i e ) ,  disoovered by Preheval ' skiy ,  ,and i n  the  
Transhimalaye, t h e  monkey. Bonvalot a l s o  saw small  red  monkeys with a 
scarcely  not iceable  t a i l  i n  t h e  canyons of t h e  Dupleix Range. I n  
Southern Tibet  one a l s o  f i n d s  o t t e r ,  lynx and leopards.  

Lizards, and e s p e c i a l l y  sne,kes, can be r a r e l y  encountered i n  IJorth- 
e rn  Tibet ,  and then only up t o  an o l e v a t i o n  of 4,633 meters,  t h a t  i s ,  
i n  the  l e s s  cold zone. There a r e  w r y  few i n s e c t s .  There a r e  but ter-  
f l i e s ,  bees,  grasshoppers, e t c .  Bower encountered b u t t e r f l i e s  i n  the 
Cnangtang a t  e leva t ions  of almost 5,400 meters. Bees, a s  he noted, made 
t h e i r  dwelling places i n  the  e a r t h .  

Fish,  l i v i n g  i n  the  lakes  and r i v e r s ,  a r e  i n  l a r g e  p a r t  nembers of 
the  salmon nnd ca rp  farnily. F i sh  abound i n  such l a r g e  Tibetan lakes as 
Am 'Tsho, Dangrayum, d z h ~ r i n g ,  but  i n  very many l a k e s  the re  a r e  no f ish  
due t o  supersatura t ion -.vith s a l t s .  

Gird l i f e  i n  Northern Tibet  and t h e  nor the rn  s lope of t h e  Hi~nalaya 
i s  represented by few species.  31112 about 30 spec ies  make t h e i r  home in 
iqorthern Tibet .  Despite the  very severe c l i m ~ t e ,  th ree -quar te r s  of them 
l i v e  the re  yenr-round o r  migrate wi th in  t h e  boundaries of t h e  area.  This 
gives evidence of t h e i r  high a d a p t a b i l i t y  and t h e  a n t i q u i t y  of the  fauna* 
Almost a l l  the  b i r d s  make t h e i r  n e s t s  i n  s h e l t e r e d  s p o t s  -- amongst 
c l i f f s  rocks, i n  burrows which they excavate themselves a s  does the  



loehnoaoyka ( l i b r a l l y :  " fa l se  jay") !~seudopodocea humilia) or, l i k e  
the earth f i n c h  ( ~ l o n t i f r i n g i l l a  r ~ f i o o l l i s ,  LI. blanfordi  a d  
they use burrows of pika, no t  a t  a l l  hindering t h e  l a t t e r  by t h e i r  
presence 

 he a a j o r i t y  3f b i r d s  i n  Northern Tibet  lack b r i g h t  colored plumage. 
A dist inguishing f e a t u r e  i s  i n a b i l i t y  t o  sing,  with ra re  exceptions, a s  
a resul t  of which tine d e s e r t  p l a i n s  seem t o t a l l y  l i f e l e s s .  

Among tile b i r d s  t h e r e  a re  a l s o  species  associated with open or  
mountain landscapes and, i n  add i t ion ,  with open water bodies. 

For open landscapes, including broad r i v e r  and intermontane val leys  
and f l a t t ened  d e s e r t  ranges, t h e  following b i rds  can be mentioned as 
character is t ic  : t h e  red-beaked k l u s h i t s a  (Pyrrhocorax pyrrhocorax), 
the large chechevichnik (Carpodacus r u b i c i l l a )  which, i n  con t ras t  t o  the 
majority of o the r  b i r d s  of the highland, a s  a r u l e  s i l e n t  o r  poor singera,  
i s  an exce l l en t  s inger ,  t h e  rock dove ( ~ o l m b a  r u p e s t r i s ) ,  one of t h e  
most widespread 1Jorth Tibetan b i r d s  -- the  grouse ( ~ c h a n ~ t a n ~ i a  t ibe tana)  , 
the !~Iongolian plover  (Charadrius mongolus), t h e  Tibetan d e s e r t  loehno- 
soyka (Pseudopodeces hwni l i s ) ,  Taceanowskyga ground f inch ( ~ o n t i f r i n g i l l a  
taczanowskii), t h e  Tibetan short-legzed l a r k  ( ~ a l a n d r e l l a  a c u t i r o s t r i a )  
and the  horned l a r k  ( ~ t o c o r i s  a l p e s t r i a ) ,  lovers  of steppe expanses. 

The mountain goose (Eulabeia indica)  l i v e s  on high-lying aountain 
water bodies a s  do t h e  red duck (Cascara ferruginea)  and the  Tibetan 
brown headed g u l l  (Larus b r ~ n n e i c e ~ h a l u s ) ,  and i n  hummocky swamps, the  
blacknecked crane ( ~ r u s  n i g r i c o l l i s ) .  

For ~nountain ranges tne  u l a r  i s  t y p i c a l  ( a l s o  ca l l ed  t h e  "aountain 
turkey") ( ~ e t r a o ~ a l l u s  t i b e t a n u s ) .  This is  one of the  most remarkable 
representatives o f  t h e  Tibetan feathered kingdom. It l i v e s  i n  wi ld  rocky 
mountains of t h e  uppennost p a r t  of t h e  a lp ine  zone and very r a r e l y  does 
it come down lower. I t  does no t  f e a r  the  cold and happily passes the  
winter n i g h t s  i n  30° f reezes .  Tne u la r  f eeds  on t h e  roo t s  of grasses 
and f resh  leaves  but  it e s 2 e c i a l l y  loves onion nnd g a r l i c .  Also coininon 
i n  the mountains i s  t h e  Adams snow f inch  ( ~ o n t i f r i n g i l l a  ademsi), the  
Srandt mountain f i n c h  (Leucost ic te  b rand t i ) ,  the  high mountain r e d s t a r t  
(~hoen icurus  e ry t rogas te r ) ,  and among the  b i r d s  of prey -- the white- 
headed v u l t u r e  (GYPS f u l v i s ) ,  which has powerful wings up to 3 meters i n  
reach and the  bearded lammereeyer (Gypaetus bnrbatus) whose wings als:, 
have a reach of almost 3 meters, t h e  long- ta i led  eagle  (ltalaetus 
leucoryphus), which perches f o r  hours on precipices  along strealns u n t i l  
it has a chance t o  take a f i s h  away from a g u l l  which has fetched it up 
from the  water. 



Due t o  the  f a c t  t h a t  Southern T i b e t  has mi lder  c l imate  and the 
cover i s  more var ied (bushes illhe t h e i r  appcnrance and localll 

t r e e s  as  well ,  the  nurnber of b i r d  spec ies ,  w r i t e s  3. V. Koelov, nore t h m  
doubles. Species a p p e r  here  wliich a r e  a l i e n  t o  tho m n j o r  p s r t  of the 
h i g h l a d .  k n o n ~  then are  t r s p i c a l  2heqsants, b~mbo0 p a r t r i d c e s ,  t ine l i i ,  
snow doves, b l ~ e  rx'x $ s r t r i d b c s ,  the  sol3ngsn, ualayan !:ingl'ishers and 
the  Indian ch ib i s .  

l,%el-eas a l l  3f Tibet  c a n s t i t d t e s  a sin,le province of trle 2entral 
Asia t ic  subregion, forming p a r t  of t n e  l ' . l laoarct ic  zoogeokra,:hic region, 
the ,.on-yul, t h a t  i s ,  t h e  sou th l rn  s lope of t h e  G r - . ? t  d innlaya 3 ~ 6 0 ,  
i n  t h i s  res2ect  has i t s  spec ia l  rea tures .  I t s  ~lor t l lcrn  p a r t ,  s i tuated 
st an e leva t ion  of ],lore than 2,033 meters,  i s  p a r t  -- l i k e  a11 of T i b e t  
-- or the  S e n t r a l  As iq t i c  subregion and i t s  fauna i s  s i m i l a r  t ,  tha t  
whicn nay described above f o r  t h e  highland p a r t  of Tibet .  I t s  southern 
par t ,  however, s i t u a t e d  a t  e leva t ions  l e s s  than  2,909 meters,  forrns a 
pa r t ,  a s  indicated,  of t h e  Indian subregion of trle Indo-..lalayan zoo- 
geographic region. Jecause of t h i s  the  t r o p i c ~ l  and s u b t r a p i c a l  zone 
of the Ion-yul have fauna s i m i l a r  t o  the  neighboring lnd ian  fauna. For 
the Xon-yul the re  a r e  c h a r a c t e r i s t i c  such spec ies  n o t  t s p i c a l  of the 
Tibetan highland a s  buffa lo ,  boars and panthers .  I n  l a r g e  numbers are 
found monkeys, Indian deer,  southern benr, e t c .  I t  i s  poss ib le  t h a t  
e a r l i e r  t h e r e  -,vere nany cleihants and rhinoceroses  , mi,nals  s t i l l  
l i v i n g  i n  India.  Especia l ly  remarkable among t h e  b i r d s  nre numerous 
represen ta t ives  of t h e  pheasant family, including peacocks and sertun. 
There a r e  pa r ro t s .  They a r e  a l l  charac te r i zed  by b r i g a t  pluma:,e which 
i s  a p e c u l i a r i t y  of b i r d s  of h o t  coun t r i es .  F i n a l l y ,  very many snakes 
l i v e  here,  but  r e l a t i v e l y  few l i z a r d s .  I n s e c t s ,  l i lce b i r d s ,  .\re sur- 
pr i s ing  i n  t h e i r  v a r i e t y  and t h e  b r igh tness  of t h e i r  ca lo r ing .  

Uomestic animals ored by the Tibetans include sheep, goats ,  yaks, 
ponies and donkeys. Tibetan sheep do n o t  y i e l d  a f i n e  and s o f t  wool; 
t h e i r  meat, although f a t t y ,  i s  l e s s  t a s t y  t h a n  t h e  Mongolian. However, 
t h e i r  power of r e s i s t a n c e  i s  a very valuable  q u a l i t y .  Tney a r e  unpre- 
t en t ious  i n  r e s p e c t  t o  food and a d a p t a b i l i t y  t o  l i f e  a t  g r e a t  elevations. 
Since sheep suf fe r  l e s s  from t h e  t h i n n e s s  of t h e  a i r  t h a n  do other  ani- 
mals and s ince  they climb superbly along any mountain t r a i l ,  t h e  
Tibetan population o f ten  uses them a s  b e a s t s  of burden: sheep can carry 
a load of about 10 kilograms. Sheep sk ins  and wool a r e  used i n  the manu- 
f a c t u r e  of c lothing,  p a r t l y  f o r  export .  

Long-wooled Tibetan goats  a r e  d i s t ingu i shed  by a smal l  s i z e ,  but 
they y i e l d  very good wool -- t o  be more exac t ,  underwool '(fuzz -- 
"pashmin"), having g r e s t  demand Dn t h e  world market. From t h e  fuzz of 
Tibetan goats a re  manufactured t h e  wellknown Kashmir shawls. South- 
;ruestern Tibet  i s  t h e  main region f o r  t h e  breeding of goats .  



of t h e  most valuable  an ina l s  i n  Tibet  i s  the  yak. This is a 
direct descendent of t h e  wi ld  Tibetan yak. 'The do~uestic yak i a  rnXlar 
to the ordinary domestic OX only the  t a i l  i s  s imi la r  t o  t h a t  of a  horse 
and on the bottom of t h e  paunch and on the  legs  d o m  t o  the  h c e s  wool 
hangs in  the form of f r i n g e  t h a t  i s  up t o  25 centimeters i n  length. 
Yaks are very s t rong and r e s i s t a n t  animals, not  demanding i n  respect  t o  
food and condi t ions  f o r  se l f -preservat ion.  They bear up well mder  
rllrified a i r ;  d e s p i t e  t h e i r  seeming clumsiness they climb a l ~ n g  the 
c l i f f s  very c lever ly ,  go through i c e  and e a s i l y  fo rd  r i v e r s .  Therefore, 
besides f o r  t h e  c u l t i v a t i o n  of f i e l d s ,  they a re  used as  the main source 
of energy f o r  the  t r anepor t ing  of burdens and f o r  r iding.  

The meat of t h e  yak i s  t a s t y ,  although l e s s  so than the meat of 
ordinary c a t t l e ;  t h e  f a t  content  i n  t h e  milk i s  twice g r e ~ t e r  than the  
fa t  content of milk from ordinary c a t t l e  and i s  very t a s t y .  (The milk 
of a  yak cow con ta ins  from 6-7 t o  10-12 ,i f a t  content.)  They use the  
mil!< t o  manufacture e x c e l l e n t  b u t t e r  and cot tage cheese. In addit ion,  
yaks y ie ld  long wool and e x c e l l e n t  s o f t  underwool. I n  Tibet they e l so  
breed a  cross  between t h e  yak and the  ordinary cow; i n  Tibetan t h i s  
cross i s  c a l l e d  tszo.  

aorses  a re  a l s o  kept.  These a re  small, very r e s i s t a n t ,  f a s t  and 
undemanding animals. They a re  bred p r i n a r i l y  on the Yamdok-Karmalin 
plain, t o  t h e  e a s t  of Lake Yamdok and near Lake Nam Tsho. I n  addit ion,  
chiefly i n  the  region of t h e  c i t y  of Shigatse and Lake Yamdok, mules and 
donkeys a r e  used i n  t h e  economy. There a re  a l s o  swine i n  Southern Tibet. 

PiIYSICRL GEOGiUPlIIC R2GI ONS 

The m a j o r i t y  of f o r e i g n  researohers  divide t h e  Tibetan highland i n t o  
three bas io  physical-geographic regions:  Northern Tibet ,  Southern Tibet  
and Eastern Tibet .  Such a  d i v i s i o n  was a l s o  proposed ir; t h e i r  time by 
d. M. Przneval lskiy  and P. li. Xozlov, with 2. 5. Zurzayev being of the 
same opinion. 

In the most r ecen t  works of Chinese authors -- ii Pu, Hu Shen-su, 
Fen-snen and a l s o  Chen-hun and Sun Chun-in and others,  t h e  highland 

i s  divided i n t o  t h e  same b a s i c  regions although the re  a re  a l so  examples 
of a more d e t a i l e d  r e g i o n a l i z a t i o n  (up t o  5-6 regions).  

Let us c i t e  s e v e r a l  examples of the  regional izat ion of Tibet by 
Chinese geographers . 

a u  Shen-su d e l i n e a t e s  them as follows: 1 -- The North Tibetan 

Plateau, the  e a s t e r n  boundary of which he draws through the  headwaters of 
the Hwang-ho, Yangtze a d  iilekong; 2 -- the  Longitudinal Valley, t h a t  i s ,  
the v a l l e y  of t h e  Tsang2o; 3 -- the  Region of t h e  Canyons, t h a t  i s ,  the 



eas te rn  p a r t  of t h e  palteal1 where t h e  Tibet-  ranges change from a 
l a t i t u d i n a l  d i r e c t i o n  t o  t h e  southeastward and then become 
,iu Shen-su was guided by r e l i e f f e a t u r e s  and c l i m a t e  when making hia  
regional izat ion.  

Li Pu de l inea tes  h i s  regions as follows: 1 -- t h e  Northern PIa- 
teau of Tibet  -- the  region of t h e  Xeylukh; 2 -- t h e  U2per Course of the 
Nutsem ( ~ a l w e e n )  River -- a r a g i m  of p l ~ t e a u s  and canyons; 3 -- the 
Eastern P a r t  of t h e  B ~ s i n  of the Three aiVer6 -- a mountainous region; 
4 -- t h e  Upper Course of t h e  Y ~ l u t s z y ~ n b u t s z y a n  (tine headwa-ters of the 
B r h a p u t r a ,  i n  Tibetan c a l l e d  t h e  Tsangpo -- a region abounding in 
mountains; 5 -- the  Laver Course of t h e  Yalutszyanbutszyan -- a region 
of canyons. The bas ic  p r i n c i p l e  of r e g i o n a l i z a t i o n  used bq him was 
geomorphological f ea tu res .  

Fen-shen i n  h i s  book (1954) d e l i n e a t e s  t h e  following regions: 
1 -- A l i  (southwestsrn T ibe t ) ;  2 -- Tsyantan (Changtang), t h a t  i s ,  
Northern Tibet ;  3 -- Tszan ( t h e  bas in  of t h e  Tsangpo Xiver) ;  he passes 
i t s  western boundmy through t h e  watershed between t h e  bas ins  of the 
r s ~ g p o  River and Lake Manasarowar; 4 -- An' do (h ldo)  ; 5 -- Kam; 
6 -- ?dentyuy ( t h e  southern slope of the  dimalaya Sange). 

Fen-shen takes i n t o  cons idera t ion  the  admin i s t ra t ive  divis ion,  the 
geo~norphological f e a t u r e s  of t h e  a r e a  and a l s o  t h e  c h a r a c t e r  of the 
stream regime ( d e l i n e a t i o n  of a reas  of i n t e r n a l  dra inage) .  

"an Cheu-hun and Sun Chun-in (1953) d e l i n e a t e d  two regions:  
1 -- t h e  Plateau of Northern T ibe t  and 2 -- t h e  v a l l e y  of Southern Tibet 
( t h e  b ~ s i n  of the  Tsangpo River) .  

Xi th  an a t t e n t i v e  examination of t h e  i n d i c a t e d  d e l i n e a t i o n s  one can 
see t h a t  i n  a l l  cases  i n  Tibet  proper two p a r t s  a r e  d e l i n e a t e d  in to  DNO 
independent physical-geographic regions  -- t h e  nor thern,  occupied by the 
Shangtsng and t n e  T~~nnshimalaya ( ~ a n d i s ~ s h a n ) ,  and t h e  southern -- a 
broad t e c t o n i c  v a l l e y  occupied by the  Tsangpo River and t h e  he~ldwaters 
of t h e  Indus. i n  addi t ion,  the  de l inen t ion  made by Fen-snen i s  com- 
p l e t e l y  j u s t i f i e d  i n  which he separa tes  t h e  southern slope of tne 
liiaalaya a s  an independent region. Such a d i v i s i o n  campletely corre- 
sponds t o  t h e  bas ic  p r i n c i p l e  of the  physical-geographic regionalization 
which c o n s i s t s ,  i n  our opinion, i n  a  cons iders t ion  f i r s t  of the  oro- 
graphic i'eatures m d  the  c l i m a t i c  and o ther  n a t u r a l  f e a t u r e s  of the ter- 
r i t o r y  t h a t  a re  dependent on them. Despite t h e  f a c t  t h a t  t h e  t e r r i t o r y  
of Tibet  i s  very g r e s t  and t h a t  it extends f o r  more than 1,000 kilometers 
from nor th  t o  south, it i s  unfeas ible  here t o  d e l i n e a t e  2hysical-gee- 
graphic regions on the  b a s i s  of t h e  z o n a l - l a t i t u d i n a l  p r i n c i p l e .  As a 
consequence of t h e  extremely g r e a t  absolute  e l e v a t i o n  of t h e  mountain 
coai)lex i n  n s u b s t a n t i a l  p a r t  of i t s  t e r r i t o r y ,  one observes varied 



conditions i n  respec t  t o  i n s o l a t i o n  and r a d i a t i o n  of heat  and t h e  c i r -  
culation of a i r  masses d i f f e r e n t  from those of adjoining nreaa. Conae- 
quently, l a t i t u d e  i s  a f a c t o r  having decisive s ignif icance 
to the landscape i n  o t h e r  p laces  but  i n  Tibet  it seems t o  make no 
difference. The n a t u r a l  f e a t u r e s  of one p a r t  or' another of Tibet  depend 
primarily on orography Tremendous l n t  i t u d i n a l  mountain rnnges here 
cause di f ferences  i n  c l imate  and t h e  charac te r  of runoff t h a t  i n  the 
highest degree have inf luenced and continue t o  influence the  face of 
the country's landsoape, i t s  d i f fe rences  frum place t o  plaoe, the 
landscape-f orming processes  and t h e  economic a c t i v i t y  of the population. 
Thus, the southern p a r t  of Tibet  ( t o  the  water divide of t h e  Transhirna- 
lays on the  n o r t h ) ,  s t i l l  rece iv ing  t h e  moisture of the Indian monsom 
and dist inguished by n a t u r a l  condi t ions  which a re  most favorable f o r  
economic l i f e ,  has R r e l i e f  wi th  t r a c e s  of f o r c e f u l  eros ional  ao t iv i ty ,  
espeoially on t h e  southern s lopes  of the  mmntains.  A t  the same time, a 
large pa r t  of Tibet ,  s i t u a t e d  t o  t h e  nor th  of the  Transhimalayn and 
called the  Changtang Desert ,  r ece ives  l i t t l e  p r e c i p i t a t i o n  and i s  unsuit-  
able fo r  a g r i c u l t u r e .  As R consequence of the  mountain systems of t h e  
Himalaya and t h e  Trmshimalaya, blocking off  the  moist winds coming from 
the Indian Ocean, and due t o  t h e  absence of drainage i n t o  the  ocean, 
erosional forms i n  t h e  Changt~ng  have developed somewhat more weakly, 
the r e l i e f  i s  sof tened by the  mass products of weathered rock and by the  
lowering and l e v e l  l i n g  o f f  of t h e  su r f  soe. 

Other Pactora,  t o  a s u b s t a n t i a l  degree r e s u l t i n g  from topography, 
such, f o r  example, as high o r  low himidity,  can be used only f o r  delinea- 
tion of d i f fe renoes  e x i a t i n g  i n  d i f f e r e n t  p a r t s  of t h e  main physical- 
geographic regione.  

Proceeding from what we have already sa id ,  and a l s o  from the 
experience of r e g i o n a l i z a t i o n  by other  authors, it seemed feas ib le  t o  
divide Tibet  proper i n t o  t h e s e  main physical-geographic regions: 

1. Northern Tibet .  

2. Southern T ibe t  ( t h e  l i a i l a s  Range and the  ~'lyenchen-Tanghla 
serves as  t h e  boundary between them)  astern Tibet,  included i n  the  
boundaries o f  t h e  Tibetan highland, is  n o t  p a r t  of Tibet  proper, and 
therefore w i l l  n o t  be discussed here ) .  

3. ~Uen'yuy -- t h e  southern slope of the  IIimalaya. 

I n  i t s  t u r n ,  i n  Northern Tibet  it i s  poss ible  t o  d e l i n e ~ t e  sub- 
regions -- t h e  Ch~ngtang  and t h e  Transhinalaya -- and i n  the  Southern 
Basin of t h e  Tsangpo -- the  S e n t r a l  Subregion and the  Southwestern 
Subregion, Idgari-Korsum, including the basin of the  S u t l e j -  



Under the  term Northern T ibe t  we have i n  mind tine p ~ r t  of Tibet 
propzr located t o  t h e  nor th  of t h e  watershed of t h e  T r ~ n s h i r n a l . ~ ~ ,   hi^ 
region occupies a l a rge  p a r t  of Tibetan t e r r i t o r ;  d i s t ingu i shed  by 
natural  condit ions t h a t  a r e  the  l e a s t  favorable  f o r  t h e  l i f e  and agri- 
cul tura l  a c t i v i t y  of the population.  % t h e  nor th  t h e  region i s  bounded 
by the ranges of t h e  Xunlun, sharp ly  dropping off t o  t h e  d e s e r t  b ~ s i n  of 
t h e  T&hla Makan. The nearnass of t h i s  d e s e r t  e x e r c i s e s  an unfavorable 
influence on the  n a t u r a l  condi t ions  of the  high miluntains: it intensi- 
f i e s  i t s  a r i d i t y  and makes poss ib le  t h e  pene t rn t ion  of s t rong  winds. 

On t h e  south, the  boundary of i iorthern T ioe t  passes  along the  high 
Kailas Range and t h e  Nyenchen-Tanghla, blocking o f f  a l a r g e  p a r t  of t h e  
moisture s t i l l  ava i l ab le  a f t e r  t h e  Indian 3cean :nonsoons ha-re crossed 
over the  dimalaya. Thus, the  r e g i m  descr ibed,  i n  c o n t r a s t  t o  Southem 
Tibet ,  receives s u b s t a n t i a l l y  l e s s  moisture and i n  t h e  very northern 
p a r t  it  i s  a completely uni;roductive h s e r t .  h ~ t h e r  c h s r n c t e r i s t i c  of 
i t s  n a t u r a l  condi t ions  is ,  t h a t  blocked o f f  from t h e  west, n o r t h  and 
south ba young and tremendous ranges it hns no runoff t o  the  ocean. 
Final ly ,  the  average absolute  e l e v a t i o n  of Northern T ibe t  exceeds tha t  
of Southern Tibet ,  the re fore  i t s  c h a l - a c t o r i s t i c a l l y  ~ r e a t s r  rarefaction 
of atmosphere and absolute  slld mean temperatures lo -mr  t h a n  i n  Southern 
l i b e t .  

Such a r e  the  general  f e a t u r e s  of the  n a t u r a l  cond i t ions  of' t h i s  
region. Dirferences i n  i t s  ind iv idua l  p a r t s  a r e  de te rn ined  above a l l  by 
the  r e l i e f ,  the  amount of p r e c i p i t a t i o n  which occurs, and t h e  presence or 
absence o r  drainage t o  t h e  outs ide .  

The Changtang Desert  occupies t h e  major p a r t  of 2Jorthern Tibet. 
This i s  t h e  most e leva ted  p ~ r t  of t h e  highland, l ~ c s t e d  t o  t h e  e a s t  of 
81' S. between the  iiunlun on the  nor th  and t h e  nol.t'ncrn ou t ly ing  ranges 
of the  Transhimalaya on t h e  south. (some authors ,  including Chinese, 
group t h e  Transhimalsya wi th  t h e  Changtang. I n  na tu re  of r e l i e f ,  soi ls ,  
vegetation and geological  s t r u c t u r e ,  it i s  more expedient  t o  separate it 
as a spec ia l  subregion of Kor.thern i ' ibet.) 

The averaLe e leva t ion  of t h e  Changtang above sea  l e v e l  i s  about 
5,"73 x t e r s ,  the  a rc3  i s  533,033 squsre liilornetcrs ( inc lud ing  a l so  i t s  
t e r r i t o r y  s i t u a t e d  t o  t h e  e a s t  of t h e  boundsry 3f T i b e t  proper) .  

The olimate of the  Changtsug i s  d i s t ingu i shed  by a pronounced con- 
t i n e n t a l i t y .  I n  t h e  warmest aonths  -- June, July -- one obssrves tempera- 
tures here t h a t  are  13, 15" (soaetimes up t o  30" ~ n d  above) by day and 



below zero, sometimes -10, -15' a t  night.  The average d a i l y  range of 
temperature reaches 24'- The average July temperaturea are  l e ss  than 
100, consequently, lower t h a n  i n  the  tundra. Sumaer c m e s  l a t e  ( the  

season begins on ly  i n  June) and it i s  shor t ,  t h e  aut- is also 
-- i n  3ctober a permanent snow cover i s  already present. Autmn 

weather, r e l a t i v e l y  good weather wi th  c l e e r  d ~ y s  and no Kind, i s  replaced 
by severe winters  and s t r o n g  cold winds. 

AS mentioned above, Changtang i n  t h e  Tibetan lenguage means "north+ 
em plain.n Ln general ,  the  Chengtang is  f o r  the  most p a r t  a p la in  
which spreads out  between widely spaced ranges. These ranges, with a 
very high e levn t ion  above sea  l eve l ,  r i s e  above the  highland p la ins  f o r  
only a few hundred meters i n  a l l ,  r a r e l y  by as  much as  1,900-1,500 
meters. I n  t h e  middle of t h e  p la in ,  i n  t h e i r  turn ,  the re  a l s o  r i s e  low 
ridges and h i l l s .  An asy~ninetrical s t r u c t u r e  i s  c h ~ r a c t e r i s t i c  of a l l  
the ranges of t h e  Changtang: t h e i r  northern slopes are  gent le  and the 
eouthern slopes a r e  s teep.  

The mountain ranges and h i l l s  i n  l a rge  p ~ r t  have an east-west 
orientation, bu t  t h e r e  a r e  a l s o  ranges with a d i f f e r e n t  or ienta t ion.  As 
a resul t ,  t h e  r i v e r s  f low i n  var ious  d i r e c t i o n s ,  flowing i n t o  lakes which 
have no o u t l e t s .  

In tne nor thern p a r t  of the  Changtang the re  a r e  many p la ins  which 
are dismal and completely s t e r i l e  pebble and d e t r i t u s  covered surfaces of 
alkaline s o i l  o r  rock. de re  and t h e r e  on t h e  surface  outcrops of d i s -  
l o c ~ t e d  and upturned s t r a t a  of s a l t s  a r e  exposed which t h e  wind has 
sculptured i n t o  queer shapes of pyramids, spheres and cones. 

The pebble and d e t r i t u s  covered surfaces  were formed as the r e s u l t  
of de f la t ion  from t h e  s o i l  of p a r t i c l e s  of f i n e  s o i l  and t h e  accumula- 
tion of gravel  and pebbles, transforming i n t o  a s o l i d  polished lus t rous  
armor of sand p a r t i c l e s  and gravel  t h a t  i s  no loneer sub jec t  t o  f u r t h e r  
deflat ion.  

3n tine b e s t  s ~ i l s  t h e r e  grows a scanty grassy vegetation,  ~ r i n l a r i l y  
from very tough and hard Tibetan reed grass  (carex ~ o o r c r o f t i i ) ,  occa- 
s ional ly  meadow g r a s s  o r  Pestuca su lca ta .  There i s  a l so  dwarf bushes of 
white willow ( 3 u r o t i a  ce ra to ides )  and reanhuriya. Cobresia meadow i s  
adapted t o  t h e  s t r o n g l y  moistened depressions.  

In  the  e a s t e r n  p a r t  of t h e  Changtang and along i t s  southern bound- 
ary t o  the  south  of 330 N. and t o  the  e a s t  of 82' E., where the  amount of 
Prec ip i t a t ion  smewhat increases ,  t h e  surface  i s  p ~ r t l y  covered by a 
steppe or  meadow-steppe vegeta t ion wi th  bushes ( c h i e f l y  ~ a r a ~ a n a )  along 
dry slopes . 



I n  the  f l a t  low basins  of t h e  C h a w t ~ n g ,  e s p e c i a l l y  i n  i t s  southern 
par t ,  the re  a re  s c a t t e r e d  a g r e a t  number of l akes  and s:vamps. floHBVer, 
m&y swamps conta in  water, so it appears, only i n  t h e  summertime, the 
moist time of t h e  year,  and they  dry up by autumn. 

Judging by the  surface  depos i t ion  i n  t h e  ~ h a n g t n n ~  and i n  several 
o ther  regions of Tibet ,  t h e  highland was a t  sometime the  bottom of 
several  broad f r e s h  vrater bas ins .  ( ~ u r r a r d  and . I~yden  consider t t l a t  on 
the Tibetan highland and i n  t h e  regions  ad ja in ing  it t o  the  west that  
the  following lake bas ins  once e x i s t e d :  Ngari-Korsum -- 800 square 
eniles (1,860 sq. lan.), Aksaychin -- 1,230 square miles (2,785 sq. he), 
Lingzitang -- 1,300 squnre miles (2,320 sq. h e ) ,  bapsang -- 500 square 
miles (1,160 sq. h.), ueosay -- 600 squnre mi les  (1,403 sq. hn.) The 
iaeykhe Depression a t  t h e  headwaters of the  Sskneen can a l s o  be included 
i n  t h i s  group). 

Unfortunately, t h e  absence of s t r a t i g r a p h i c  d a t a  does not permit us 
t o  determine p r e c i s e l y  i n  what per iod of geo log ica l  time t h e  lake baains 
were formed. I t  i s  poss ible  t h a t  some of them e x i s t e d  a t  the beginning 
of pos t -g lac ia l  times, being fed by t h e  thawing of the g l a c i e r s  and in 
p a r t  from p r e o i p i t a t i o n  brought i n  by t h e  Ind ian  C)cean monsoon. Other 
lakes poss ibly  o r i g i n a t e d  i n  t h e  period between t h e  Upper Cretaceous 
and g l a c i a l  times when broad expanses of Euras ia  were i n  t h e  g r i p  of 
oooling processes. One th ing  i s  r a t h e r  c l e n r :  ,judging from t h e  
Yelistocene alluvium of t h e  S u t l e j  bas in ,  by the beginning of Juaternary 
times many lake bas ins  had a l ready  begun t o  disappear.  .Jrogenic move- 
ments played an i m ~ o r t a n t  r o l e  i n  t h i s  process.  These occurred i n  the 
Tibetan highland and e s p e c i a l l y  involved t h e  u p l i f t i n g  of t h e  dimalaya 
which by the  end of the T e r t i ~ r y  and a t  t h e  beginning of Juaternary 
times had a t t a i n e d  t h e i r  p e s e n t  day e l e v a t i m s  . The iIinalayan barrier  
blocked t i e  highland off  f r o s  t n e  moist Indian Jcean monsoons and 
c rea ted  a con t inen ta l  c l i m a t i c  regime i n  i t s  t e r r i t o r y .  I n  addit ion,  
t h e  c r e s t s  of the  Transhimalaya rrm t h e  south  and t h e  Kunlun from the 
nor th  created b a r r i e r s  bloc?<ing the  dra inage of i n t e r i o r  waters  of the 
highland from outflow t o  t'ne ocean. 

The c o n t i n e n t a l i t y  and a r i d i t y  3f c l imate  wi th  t h e  absence of 
drainage t o  the  outs ide  determined t h e  d i r e c t i o n  of development of the 
landscapes. I n t e r i o r  bas ins ,  va l l eys  and l ake  bas ins  betwesn the  chains 
of mountgins and a l s o  ancient  eroded sur faces ,  e leva ted  t o  d i f f e r e n t  
l eve l s ,  began t o  be f i l l e d  b j  a mass of d e t r i t u s t - -  products of the  
weathering of the  extremely high mountain ranges. This d e t r i t u s ,  due to 
the  absence of drainage t o  t h e  ou t s ide ,  g e n e r a l l y  remained i n  place. 
Thus, the  r e l i e f  of the  Changtang g radua l ly  smoothed ou t  and horizontal 
ins tead  of v e r t i c a l  l i n e s  came t o  predominate. This gave the rnodern 
Changtang the  appearance of an undulating p l a i n .  l h l y  beyond the  
meridian of Nam Tsho, e a s t  of which r i s e  t h e  Yangtze, dwang-ho and 



s a l ~ e n ,  does one no te  a t r a n s i t i o n  from t h e  region of i n t e r i o r  drainage 
t~ the region of dra inage t o  the  outs ide ,  t o  the  so-called Chinese- 
T i b e t ~  Alps. To t h e  west  3f t h i s  l i n e ,  using I]rzhevallskiyls words, 
l l i s  s i tuated a continuous and massive t s b l e l i k e  plateau on whose 
surface there  i s  a minimum of sharp r e l i e f  and not having wster except 
in 8 small p a r t  i n  t h e  e a s t  which has  drainage t o  the sem. To the e a s t  
of the mentioned l i n e ,  however, a l l  t h e  water flows t o  t h e  ocean, the 
Brea l i t t l e  by l i t t l e  l o s e s  i t s  t a b l e l i k e  character  and i s  gradually 
transformed i n t o  a grandiose a lp ine  country i n  which the re  are  i n t e r -  
mingled the systems of t h e  Cen t ra l  Kunlun and the  Chinese and Indo- 
chines8 ranges" (F'rom Zaysan through Khami t o  Tibet.. . [Iz Zaysana 
cherez Khami v Tibet . .  . I ,  194E, page 149). 

The most d e s e r t l i k e  nor thern p a r t  of the  Chengtang i s  occupied by 
ranges and intermontane p l a i n s  of t h e  Kunlun. Their landscapes are 
dreary, e s p e c i a l l y  wi th in  t h e  boundaries of the  Sin1 tszyan-[Jygurskiy 
autonomous region.  The absolute  e leva t ion  of the  p la ins  reaches 5,000 
meters. The vege ta t ion  alrnost completely disappesrs and bare gravel and 
pebbles predominate. V. I. Roborovskiy penned a depressing pic ture  of 
this "dead land." de  d i d  exp lora t ion  the re  as p a r t  s f  LI. V. Pevtsovfs 
Tibetan expedi t ion of 1889-1890. 

Climbing up from Karasay (Province of s i n l t s z y a n )  onto the plateau 
of Tibet and cross ing  over one of t h e  out ly ing ranges of tho Kunlun, 
Roborovskiy headed southward, c ross ing  low and narrow east-west r idges.  
The height of the  p l a t e a u  was approximately 5,000 meters, vegetation was 
absent, mo-mment was mads d i f f i c u l t  by the  rockiness and unevenness of . 

the road. Two out  of t h r e e  horses  of the  expedi t ion perished,  not  sur-  
viving the  r a r i f i e d  a i r ,  cold and lack of fodder. Proceeding a l i t t l e  
more than 100 v e r s t s  t o  t h e  south, Roborovskiy was forced t o  again 
return t o  Karasay. 

In h i s  r e p o r t  concerning t h i s  journey Roborovskiy wrote: "3n the 
way through t h e  h i g h l m d  d e s e r t  we d i d  not  see m y  animals except sev- 
eral  weary s ta rved  antelope,  orongo, moving slowly t o  t h e  nor th .  Tney 

so exhausted t h a t  they paid no a t t e n t i o n  t o  us, passing only 59 
Paces from t h e  caravan. This gave us reeson t o  bel ieve t h s t  the above 
said animals had t r a v e l e d  froin afar  and t h a t  the  highland dese r t  i n  which 

met them extends very f a r  t o  the  south. I n  t h i s  same dese r t  we found 
the sku l l s  of s e v e r a l  wi ld  yaks but  .,m found no f o o t p r i n t s  of these  ani- 
mals-  Prsbably t h e  yaks s t rayed by chance i n t o  t h i s  f r i g h t f u l  country 
*d Peris!led from t h e  cold." 

" A t  n igh t  camp our horses,  desp i t e  t h e i r  f e l t  horse blankets,  
suffered severe ly  fr0.n the  s t rong wind and snow and they  shivered and 
shook as  i f  i n  a fever .  I t  nqs my f i r s t  experience i n  being i n  such a 



wild and f r i g h t f u l  d e s e r t  and t h e  d e s i r e  t o  become acquainted with it 
pocs ib ly  took me f u r t h e r  than  I siiould have gone. " ('-forks of trie 
Tibetan f i p e d i t i o n  [Trudy Tibetskoy E1<sped i t s i i I ,  'Jol 3, i a i n t  !'eters- 
burg, 1896, pages 40-41.) 

The d e s e r t  landscape e l s o  continues to t h a  e e s t .  The dif?erence 
c o n s i s t s  only i n  severa l  2 e c u l i a r i t i e s  i n  t h e  r e l i e f .  N.  :!. Przhevalf -  
skiy,  f i r s t  of the  explorere  v i s i t i n g  the  nor the rn  border of  the  Tibetm 
nighland, desc r ibes  the landscape of t h i s  h igh mountain dese r t .  'J.  1. 
Rob~rovsk iy  and ??. Ll. Prehava l l sk iy  during t h e  period of these  explora- 
t i o n s  d i d  not  e n t e r  t h e  t e r r i t o r y  of T ibe t  proper,  they  were somewh~t 
f u r t h e r  n o r t h  of the  Tibetan admin i s t ra t ive  boundary. 3 u t  t h e i r  descrip- 
t i o n s  t o  a  high d e g r ~ ~ e  r e f l e c t  the  n a t u r a l  cond i t ions  .vhich a l s o  l i e  
f u r t h e r  t o  t h e  south, i n  Tibet  proper,  and t h a t  i s  why we c i t e  these  
authors  a l so .  I ' r z l l e v ~ l ~ s k i j ,  descr ibus  t h i s  d e s e r t  i n  t h e  following 
words: 

"An extensive  broad p l a i n  now unfolded bei'ore us and passed o f f  
eastward beyand the horizon. 3n t h e  nortli it was sha rp ly  framed by the 
;olmbus -ian,e which i n  i t s  wzstern p a r t  he re  fnces  T i b e t  a s  a  low but 
extreinely s t eep  wal l .  h t h e  s a u t h e ~ s t  mnd south  we could  see the  
s c a t t e r e d  h i l l s  and r idbes  s f  low mountains; beyond thoin could be seen 
the  irnlense range l a t e r  nsineri f o r  me, wi th  i t s  snowy pe3ks. > ' inal ly ,  
i n  the rniiule of the  aoove s a i d  p la in ,  l o n g i t u d i l l ~ l  t o  it, t h e r e  spreqds 
out  a l n r p  lalce which, t 3  our s u r p r i s e ,  \vus s t i l l  n o t  covered wi th  ice ,  
I inunediatelq named t h i s  lake  N~zarnereayushchoye [never f r eez ing] .  ( I n  
cant?  nporary books it i s  c a l l a d  ~ ~ a ~ l c u m u l ~  ) . '*-e headed f o r  it through 
the  s t e r i l e  and g e n t l y  s loping .,lain.. . 

"...Three ve r s t s  from our camp l~re climbed t o  the t o p  o r  one of the 
p r i n c i p a l  h i l l s ,  from wnich a broad horizon spread ou t  be fo re  us. 'ye 
saw l i t t l e  of a  consoling na tu re  f o r  us, however. As f a r  a s  the eye 
could see -- t o  the  southeas t  and t h e  s o u t l ~ ,  extended t h e  s m e  l o e s s  
h i l l s .  They >:.ere s t e r i l e ,  and, a s  usual ,  d i s s e c t e d  i n  n l l  poss ib le  
:.rays: here stood tovrers, f o r t r e s s e s ,  cones of va r ious  s i z e  and shspe, 
b r i d ~ e s ,  n~ndcrground pnssageways, v e r t i c a l  w a l l s ,  c o r r i d o r s ,  e t c .  The 
everake e l e v a t i o n  oP t h e s e  h i l l s  r e ~ c h e d  from 339 t o  500 f e e t ;  some of 
then rose  030 Cect or  even a  thousand. Then, i n  t h e  d i r e c t i o n  of 
Nezamerzajushchoye Lake t h i s  gnrland of h i l l s  Jropped o f f  i n  a v e r t i c a l  
;.iall. I n  p laces  the  loose  l o e s s  vrcs cemented i n t o  a  s o l i d  mass, i n  
p laces  vre encountsred siuall l a y e r s  of gyijsum, on the peaks of  the  h i l l s ,  
however, and along the  bottom of dedress ions ,  l a r g e  pebbles l a y  on top 
o f  the  loess .  

"Zxmnining the  whole v i o i n i t y  c a r e f u l l y  through a  spygIass,  we 
were convinced t h a t  it was impossible f o r  us t o  go on. The s t e r i l e  
l o e s s  h i l l s  l a y  f a r  t o  t h e  soutin; beyond them could  be seen mountains 



there rose up a snowy range ( ~ r z h e v a l l s k i y  Range -- B. YU.)." TN. 2. Przheval'skiy, Prom Kyakhty t o  t h e  Sources of t h e  Yellow iliver, 
1918, pages 157-158). 

In  the r ~ r t h ~ ~ e s t  of T i b e t  proysr  i n  the  Changtang i s  s i t u a t e d  a 
plateaulike intermontane lowland -- the lksaychin Ijepres s i o n  -- bounded 
on the north by t h e  cont inuously  snow-covered ranges of the  Kunlun and i n  
the south by the  K a r a k o m .  ZIountain spurs  dropping o f f  t o  t h e  Aksaychin 
have depressed water d iv ides  t h a t  i n  many p laces  a r e  d i s sec ted  by deep 
channel-like canyons t h a t  a r e  t y p i c a l  of i n t e r i o r  con t inen ta l  d e s e r t s  
with eros ional  landforms. 

The Aksaychin l jepression extends,  con t rac t ing  i n  width, enstward 
beyond 00' E. ,Is shown i n  "Jel lbyts  topographic survey, t h e  depress ion 
i s  character ized by long and r e l a t i v e l y  low f o l d s  extending i n  an e a s t -  
west d i r e c t i o n  ( s e v e r e l y  impeding north-south movement), separated b j  
broed va l l eys ,  t h e  f l o o r s  of which l i e  a t  an abso lu te  e l e v a t i o n  of about 
4,903 meters. Thus, t h e  ranges of the  Kunlun r i s e  above t h e  v a l l e y s  of 
the depression by a l i t t l e  more t h a n  2,000 meters and those  of the  
Xsrakorum r i s e  above t h e  depress ion by 1,500 meters.  Lake Ligten i s  
s i tuated on t h e  rocky Alcsaychin p l a i n  surrounded by high mountains; i t s  
shores have f  io rd - l ike  ou t l ines .  

Fur ther  t o  t h e  e a s t  and t o  the e x s t  of Lake Markham t h e  r e l i e f  of 
the Changtang c o n s i s t s  of small  east-west  r idges  t h a t  a r e  d i f f i c u l t  t o  
cross and whioh a l t e r n a t e  wi th  narrow va l l eys .  The vegeta t ion here i s  
the usual f o r  t h e  Changtnng Uesert ;  it i s  scan ty  and only i n  s c n t t a r e d  
pleces does it form good pasture .  The landscape would be depress ingly  
mon1ton3us i f  it were no t  enlivened b2 t h e  b r i g h t  va r ie ty  of co lo rs  of 
the rocks making up the  su r face  ~f Tibet .  ( ~ l l  t r a v e l e r s  r e m ~ r k  on t h e  
b r i g h t  co lo rs  of rocks exposed a t  t h e  surface  i n  Tibet .  S. Hedin noted 
tne in tense ly  b r i g h t  yellow co lor  of t h e  rocks a t  Lake Aksaychin and t h e  
;lark v i o l e t ,  gray-yellow, r e d  and white rocks i n  t h e  mountains t o  the  
s o u t h  and nor th  of t h e  dapression.  Yellow-red, f i e r y  red and deep 
'nr3wn rocks were observed by him a t  Lake Ligten and red and green colored 
rocks a t  Lake Llarlcham. , rzheval l  sk i )  remerked on the  b r i g h t l y  colored 
r~c::s i n  the  dunbure Range and 7addell descr ibes  them eloquent ly  sn t h e  
1131- tnsrn sloge of t h e  iiirr.alaya.) 

C h a r a c t e r i s t i c  of Tibet  a r e  rocks of var iegated color .  This 
poss ibly  gives evidence of t h e  exis tence of a moist  per iod i n  t h e  p a s t  
and of t h e  calm t e c t o n i c  condi t ions  p reva i l ing  a t  t h a t  time, thus  per- 
n i t t i n g  an in tens ive  chemical weathering and the  formation of a t h i c k  
brightly-colored s i a l l i t e  c r u s t  from weathering. 



ro the  south of the  Aksaychin nre s i t u a t e u  t h e  Kar~korurn rmLes,  
among which tne  chief  ones a r e  t h e  Tibetan Karakorum, the  Changchemo 
and t h e  Pangong. In t h e  m s t e r n  p a r t  of T ibe t  thoy a r e  t h e  highest  knd 
t h e  c l o s e s t  t o  one anothzr, but  eastward they  f a n  outward. The southern 
of these  ranges change t h e i r  o r i e n t a t i o n  f r ~ n  east-west  t o  southeast-  
northwest. Although the  orogra,shy of t h i s  ? a r t  of t ~ l e  Changtang i s  cam- 
p l ioa ted  and i n t r i c a t e ,  nev~t r the less ,  deskdx t h e  numerous spur8 going 
ou t  from the  main ranges, here,  so  3easy w-rites, broad va l l eys  trlat ere 
separated by broad mountain ranges predominate. 

The Karakorum rangss do n o t  r e ~ c h  t h e  he igh t s  i n  t h i s  region t h a t  
they do i n  the  'Testern Larakorum. Liowevcr, ind iv idua l  peaks exceed 
6,c)OO meters and t h e  f l o o r s  of t h e  intermontane p l a i n s  a r e  s i t u a t e d  a t  
4,gi)O-5,300 meters (and only t o  t h e  south  of 33' N. doas t h e  e leva t ion  
of the mountains and p l a i n s  decrease: the  peaks no longer a t t a i n  
6,000 meters and t h e  p l a i n s  a r e  s i t u a t e d  a t  an e l e v a t i o n  of approximately 
4,250 meters). The ranges i n  lnrge  p a r t  remind one of r idges  of h i l l s ,  
r i s i n g  above the  l e v e l  of t h e  > l a i n s  no s o r e  than a f e w  hundred o r  tens 
af meters. But t h e  m i n  mountain chains a r e  high -- t h e i r  individual  
peaks, and t h e  Tibetan iiarakorum :nost of a l l ,  r i s e  t o  an e l e v a t i o n  of 
6,443 meters and t h e  c r e s t s  in many places  go beyond t h e  snoN l i n e  and 
have an a lp ine  appearance. 

The va l l eys  of t h e  p a r t  of t h e  Changtang descr ibed a r e  trough- 
shaped wi th  s t eep  s lopes  and f l a t  f l o o r s ;  t h e  southern s lope i n  large  
p a r t  i s  s t eeper  than  t h e  n o r t i ~ e r n  and t h e  p r o f i l e  of t h e i r  c ross  section 
i s  asynmetrical ,  something e a s i l y  seen i n  t h e  a t t ached  sketches.  The 
c r e s t  i n  the  western p a r t  i s  rounded and monolithic.  I n  a c t u a l i t y  it i s  
furrowed by a g r e a t  number of g u l l i e s ,  sharply  deepening and widening 
downslope and on t h e  lower p ~ r t  of t h e  s lopes  they a r e  trrulsformed in to  
deep v a l l e y s  and canyons. The ex t raord inary  branching network of these 
deep s teeply-s loping va l l eys  and t h e  abundant depos i t s  of rock and ta lus  
make t h e  l o c a l  landscapes s i m i l a r  t o  t h e  bleak bu t  magnificent landscapes 
of' the  Tes te rn  Karalcor~n. 

A t  Lakss Arport, ihemen and Xru t h e r e  i s  a high mountain landsoape. 
Here one can see  s t eep  s lopes  and craggy peaks ca r ry ing  a cover of eternal 
snows, snow f i e l d s ;  g l a c i e r s  moving downslope and va l l eys .  13ut i n  other 
places,  f o r  example, a t  t h e  Changchenmo River and e s p e c i a l l y  i n  the  
e a s t e r n  p a r t ,  t h e  Karakorum of Tibet  l o s e s  i t s  a l p i n e  f e a t u r e s  and 
reminds us of r u i n s  i n  t h e i r  ou te r  appearance. T i t h  t h e  exception of the 
abrupt  c l i f f  a ,  sometimes appearing a t  t h e  c r e s t ,  s t e e p  s lopes ,  precipices 
and l o f t y  peaks a r e  ra re ly  encountered here ;  on t h e  o t h e r  hand, accumu- 
l a t i o n s  of d e t r i t u s ,  l i k e  a cloak covering t h e  mountains a re  seen every- 
where. 



The Changchenmo and Pangong ranges a r e  very s i m i l a r  t o  t h e  Tibetan 
garakorum. Here and t h e r e  t h e y  r i s e  beyond t h e  snow l i n e  and g l a c i e r s  
a d  ice f i e l d s  a r e  found i n  t h e i r  nigh v a l l e y s  and canyons. I n  general ,  
however, these mountains a r e  a l s o ,  h e a v i l y  d i s sec ted ,  i f  n o t  more so, 
and the i r  low-lying water d iv ides  a r e  i n  mony p laces  swampy. 

Ap2roximately t o  t h e  n o r t h  of 83' N., t he  Chsngtang has the  appear- 
ance of a h i l l y  country. t h e  r e l i e f  of which c o n s i s t s  of shallow bas ins  
that are separated by low wate r  d ivides .  Sanetimes the  a rea  i s  more of 
a plain, sometimes more mountainous and t h e  mountains o r  h i l l s  a r e  s i m i l a r  
to our 2ugodzhskiy blountains v~here  t h e i r  low and g e n t l y  s loping spurs  
pass in to  t h e  p l a i n  of Northern Kazakhstan. Ridges of h i l l s  and moun- 
tains extend i n  a n  east-west d i r e c t i o n  o r  north-south d i r e c t i o n  and the  
depressions between them form something l i k e  a l a r g e  honeycomb. Dry 
ravines and small  v a l l e y s  drop down from t h e  f l a t  water sheds wi th  t h e i r  
nmerous prominences. IIowever, here a l s o  the re  a r e  ind iv idua l  high 
mountain ranges suoh as  t h e  Dut reu i l  de Rhins Xountains, i n  t h e i r  h ighes t  
part  a t t a i n i n g  an e l e v a t i o n  of 5,630 meters. 3ne can form an opinion of 
the landscape of t h e  Changtang from Bower's notes: 

"...In t n e  course of severa l  weeks -- w r i t e s  Bower -- the  journey 
continued through an a r e a  completely unpopulated and devoid of f r e s h  
water. The nature  of t h e  country- the  whole l eng th  of t h e  journey was 
iden t ica l  -- rounded h i l l s  wi th  broad and open va l l eys  and snow-covered 
ranges c l e a r l y  ou t l ined  e ~ a i n s t  t h e  sky f i r s t  here, h e n  there ."  (Col- 

Near Kebn-Chung ( a  l i t t l e  t o  the  nor th  of 33' 24. a t  86O S.) ,  Sven 
&din descr ibed a p i c t u r e  of very c l o s e  and disorderly-arranged h i l l s ,  
the  road winding end less ly  among them. 

b a t a  eupplied by de iLtlins g ives  an i d e a  about t h e  landscape of t h e  
Changtang i n  i t s  l e a s t  s tudied c e n t r a l  p a r t .  rie crossed Tibet  from nor th  
t:, south between 86 and 87' U . ,  approximately along t h e  l i n e  b e t m e n  t h e  
c i t y  of Cherchen and Lake Dangrayum. Crossing the  Przheval ' skiy  Range, 
de Rhins t r ave led  t o  t h e  south through an  east-west  o r ien ted  p l a i n  having 
a width of 45 kilometers.  I t s  surface  i s  t raversed by low mountains and 
h i l l s .  Despite the  scant iness  of the vegetation,  cons i s t ing  of low- 
growing grass ,  he encountered numerous herds of antelope,  kiang and yaks. 
,9n t h e  south t h e  p l a i n  is  bounded by a chain of mountains beyond which 
the re  extends a p l a i n  with l a rge  lakes. Fur ther  t o  the  south t h e r e  a r e  
mountains again, but they a r e  lovrer, and the va l l eys  a r e  stwided with 
l a rge  lakes.  Then the  t r a v e l e r  crossed four  r idges  of nigh mountains, 
the  h ighes t  of which, evident ly ,  was t h e  Buka-iiiangna. The most souther ly  
r idge proved t o  be t h e  h ighes t  (wi th  a pass a t  5,630 meters) with an  
abru2-t southern slope. I t  was l a t e r  named the Dutreui l  de Xhins Xange. 



TO the  south of t h i s  renge de *ins again and again  enoountered immense 
mountains. There was a g r e a t  change i n  t h e  topography of t h e  region. 
Ins tead of the  broad va l l eys ,  open t o  the  e a s t  and west ,  t o  the  r i g h t  
and l e f t  of the  t r a v e l e r  mountain chains rose  up with narrow valleys 
between them and with numerous lnlces i n  t h e  depressions.  Sometimes the 
val leys  ;.roro t raversed by north-ssuth ranges, vhich, so  de b i n s  con- 
cluded, were the  nor thern o u t l i e r s  of t h e  western end of t h e  Tanghla 
Range. App~ren t ly ,  i n  the  ?lest i t  becones t11e h i l l y  uren t h a t  was 
described by Sven Liedin near ,ie be-Chung . 

The landscapes of the  eqs ta rn  p ~ r t  of t h e  Changtang were Jescribed 
by L i t t l e d a l e ,  S. liedin, aonvalot and Przheva l t sk iy .  George L i t t l eda le  
crossed the  Changtang from t h e  northwest t o  t h e  southenst  a l m g  the line 
between t h e  c i t y  of Cherchen and Lake !Ian1 Tsha. The a rea  t r aversed  in  
the  nor thern p a r t  of h i s  journey, described a l i t t l e  f u r t h e r  t o  the eas t  
by Sven dedin, i s  e x t r a o r d i n a r i l y  unusual. 4 t  t h e  sources of the Kara- 
i u r e n  ( t h e  nor the rn  slope of t h e  Przheva l t sk iy  Range) a r e  s c ~ t t e r e d  
numerous h i l l s ,  a s  S. iledin w r i t e s  "f ' lat tened and l e v e l  cones wi th  
j a ~ ~ c d  s i d c s , "  cons i s t ing  i n  p a r t  of r edu i sh  and p a r t l y  of vor) hard 
csnglwneratc-like brick-red roclc s i m i l a r  t o  brecchia .  The t o p s  of the 
cones a re  covered with hor izon ta l  s t r 3 t a  of b lack  tu f f " .  

These same h i l l s  a re  a l s o  f o a ~ d  on the southern s i d e  of the  
Przhava l t sk iy  Range. Olten encountered here  a r e  dry  depress ions  with 
s a l t  depos i t s  or  small lakes .  This a rea  i n  t h e  riot d i s t a n t  prtst vsas a 
region of g rea t  volcanic  a c t i v i t y .  In c ross ing  it, L i t t l e d a l e  discovered 
seven volcanoes . ~ f  which four  m r e  of g r e e t  s i z e .  The volcanoes are 
i s o l a t e d  from one another, having no orographic connection wi th  one 
another nor wi th  t h e  Przhevalts!ciy R ~ n ~ e  s i t u o t e d  t o  tile south of them. 
'The peaks and c r a t e r s  of t h e  v , ~ l c a n o e s  a r e  covered by e te r r l s l  snsws and 
g l a c i e r s .  There a r e  a l s o  volcanoes on t h e  southern s lope  of t h e  
Przhevalt  s k i y  Range. Thus, c lose  t o  90' E., a ln rge  volceno was d i s -  
covered by Bonvalot vdlo named it Xuisbrook. 

The region of uevelopment of volcanic funlis of r e l i e f  and volcanic 
deposi ts ,  according t o  L i t t l e d a l e ' s  observat ions ,  i s  s i t u a t e d  between 
3c0 50' E. and 33' 50t N.,  tn9.t i s ,  a d i s tance  of th ree  degrees of 
l a t i t u d e .  Sosides the seven volcanoes indicnted,  a l l  th ree  1;ling t s  the 
nort'n of the  ?rzhevalts!iiy Z a n ~ e ,  tne  exp lore r  discovered t h r e e  other 
volcanoes wi th  an e leva t ion  of about G ,920 meters -t 33' 53' I{. between 
the  meridians of 87 and 88' 3., t h a t  i s ,  i n  t h e  1,vestern o u t l i e r s  of the 
Tanghla Aange . 

Further t o  the  s m t h  of t h e  i r z h e v a l t s k i y  iimge, L i t t l e d a l c  passed 
throilgh a clesort tyze  b u t  predomir~aatl) f l s t - l h i n g  are". t h c t  was almost 
devoid 3f grass.  Ina  a rea  vas  rocky and represented,  excluding tilo 
volcanic regions, 911 ~ l t e r n a t i o i l  .jf f l a t ,  east- \vest  2 r i en ted  va l l eys  



with a ‚ rest number of lakes  and weakly expressed f l a t t e n e d  r i s e s ,  from 
afar having the  appearance of high,  e t e r n a l l y  snow-clad ranges; c lose  
up, however, t h e y  proved t o  be low. En route  t h e  explorer  crossed 
several r e l a t i v e l y  low but  s t e e p  passes.  To t h e  e a s t  of t h e  meridian 
of 87' ti'., judging by h i s  d e s c r i p t i o n s ,  t n e  ranges no longer stood ou t  
very c lear ly .  

From Bonvalot ts  da ta ,  recording t n e  journey t o  t h e  south from Lake 
Ayagkunlkull t o  Lake Nam Tsno, it i s  apparent t h ~ t  t h e  p a r t  of the  Chang- 
tang crossed by him a l s o  was of about 5,000 meters e leva t ion  or  even 
more. dut wherever t h e  eye turned t h e r e  were snow-covered mountains t o  
be seen. The passes ac ross  t h e  mountain r idges  f o r  t h e  most p a r t  were 
not d i f f i c u l t .  3n t h e  ? l a i n s ,  covered with lava,  were o f ten  encountered 
small lakes, Solonchaks and bnrchans. Rarely seen were t r a c e s  of vege- 
tat ion s t i l l  surviving from t h e  summer. (Bonvalot t r ave led  i n  Uecem- 
ber.) N e ~ r  the  southern slope of the  Przheva l l sk iy  Range, a s  we a l ready  
mentioned, Bonvalot d i s m v e r e d  a l a rge  volcano named by him i n  honor of 
Ruisbrook. Among o ther  fn.3untain ranges, aonvalot  s i n g l e s  out  the  Duple i x  
Range, a t t a i n i n g ,  i n  h i s  opinion, an e l e v a t i o n  of 8,000 meters above sea  
level. Glac ie r s  drop down from the  slopes of t h i s  range, including one 
Fdnich creeps through a brolid valley,  t o  the  Dupleix f'ass, s i t u ~ t e d  a t  an 
e levat ion of 5,462 meters above sea l eve l .  South of t h e  Dupleix moun- 
t a ins  the  p la teau- l ike  expanses drop down t o  4,380 meters. They have the  
appearance of a steppe p la in ,  i n t e r s e c t e d  by chains of h i l l s  with l akes  
i n  the  depress ions;  t l ~ e  l a r g e s t  l akes  are :  Bam Tsho, harun, Amdo-Tsonak, 
Yirna. The grass ,  judging from B o n v ~ l o t ~ s  desc r ip t ion ,  was q u i t e  abun- 
dant, d e s p i t e  the  f a c t  it was winter .  Zurther t o  the  a o u t h e ~ s t  the  
r e l i e f  beoomes more d i s sec ted .  

To the  e a s t  of Bonvalotls  route the  system o f  eqst-west o r ien ted  
ranges beoomes more notioeable.  According t o  d a t a  provided by N. M. 
Preheval sk iy ,  t h i s  p a r t  of t h e  Changtang gives  t h e  following impression. 
On ttr~e highland p l a i n  wi th  an e leva t ion  of about 5,030 meters above sea  
l eve l ,  the re  r i s e ,  almost p a r a l l e l  t o  one another, the Kukushili,  Uunbure 
and Tanghla Ranges. Tneir  l o c a l  r e l i e f  i s  300-630 meters, the  r e l i e f  
f e z t u r e s  are  gen t le ,  s lopes  a re  no t  steep,  and r idges  and water d ivides  
a r e  f l a t .  The peaks of the  mountains r i s e  but l i t t l e  over t h e  r idges ,  
a re  rounded, and only a few of them reach t h e  snow l i n e  which i s  located 
here  a t  an e leva t ion  of about 6,033 meters ( i t  drops down t o  the  e a s t -  
ward). Between the mountain ranges a r e  included p la ins ,  more or  l e s s  
broad, sometiines having t h e  appearance of enclosed basins  wi th  a h i l l y  
or  r o l l i n g  r e l i e f .  

Since a r e l a t i v e l y  l a rge  amount of p r e c i p i t a t i o n  f a l l s  i n  the e a s t -  
e rn  p a r t  of the  Changtang, t h e  vegeta t ion here i s  considerably denser. 
In the  v a l l e y s  it t a k e s  on a s teppe- l ike  charac te r  and we f i n d  g rasses  



(Granineae), onion and as t r sga lue .  Euro t i a  and Tamarix s l s o  d r m  in 
subs tan t i a l  quant i ty .  3n moist  g e n t l e  s lopes  of mountains nnd on flat 
water d iv ides  t h e r e  i s  an abundance of Tibetan sedge which forms 
hummocky swamps. 

The southwestern p a r t  of t h e  Changtmlg, s i t u a t e d  t o  t h e  south sf 
the  Tanghla R h g e ,  i s  drained by t h e  headwaters of the  Salweon, carrying 
i t s  waters t o  t h e  ocean. Crossing the  l ake  rugion, t h e  3alween captured 
m d  drained severa l  lakes and l e f t  dry  d e p r e s s i ~ n s  behind i n  t h e i r  21aces 
One of them i n  p a r t i c u l a r  is  tho iihakhe deprzss ion wi th  tile c i t y  of Atak- 
Semar. ( ~ a s t  of .ihekhe, a l ready beyond t h e  baundaries of l i b e t  proper, 
the  Salween e n t e r s  a narrow v a l l e y  t h a t  c rosses  mountainous country. 
'This s e c t o r  of t h e  Zhangtnng i s  d i s t ingu i shed  by s teppes  covered with 
t h i c k  grass ,  e s p e c i a l l y  r i c h  on t h e  r i g h t  bank of t h e  Salween. In 
i t s  landscape appearance it i s  t r a n s i t i o n ~ l  to the  a l p i n e  landscapes 
3f Lam. ) 

The cl imate  of t n e  southeastern  Changtang i s  charac te r i zed  by Li 
pu as  con t inen ta l ,  but  thanks t o  the  r e l a t i v e l y  nbundant p r e c i p i t a t i o n  
it is  nore favorable  f o r  t h e  development of vege ta t ion  than i s  the  c l i -  
mate of t h e  northwestern Ghangtmg. T:le win te r  i s  dry, snow f a l l s  i n  the  
spring,  and r a i n  or  s l e e t  i n  t h e  summer. Strong wes te r ly  winds blow 
ia i ly  from 1533 t o  1830-1990 hours during t h e  months from September 
through -1pril; these  ca r ry  o f f  d u s t  and s a l t  p a r t i c l e s  from the  dessi-  
ca ted l ake  basins.  Zloar sunny weather u s u a l l y  p r e v a i l s  and the  a i r  i e  
so dry  m d  t ransparen t  tha t  a l l  t h e  lakes  can be seen c l e a r l y  within a 
radius  of 59 kilometers.  I n  t h e  suwler i n s o l a t i o n  i s  s t r sng ,  but  i n  
the winter  the  tenperature  drops t o  30' below zero. The maximum winter 
tenperatures  r i s e  t o  0'. Yith t h e  g r e a t  a r i d i t y  of t h e  a i r  t h e  f a l l e n  
snow i s  r ap id ly  evaporated. The s o i l s  here a r e  developed on loess-l ike 
mater ia l  and the f a r t h e r  you go t o  t h e  e a s t ,  from the  boundary of Tibet, 
then t h e  b e t t e r  they  become because t h e  dra inage of t h e  area. by r ive rs  
belonging t o  the  Salween systen a l s o  i n t e n s i f i e s  t h e  ca r ry ing  off  of 
s a l t s  from t;le ground. 

The southeastern  Chmgtang i s  an important g raz ing  region.  Uere it 
i s  warmer than i n  t h e  nor thern ihangtaug, t h e  vege ta t ion  i s  denser a d  
f r e s h  water i s  adequate. N. 2 .  Przheval'siciy d e s c r i b e s  t'he gerleral 
p i c t u r e  of t h e  southess tern  Chan~tang  (wi thin  t h e  bounderies of ~ i b e t )  
a s  follows: "h the  f i f t n  ds.y a f t e r  passing tnrough the Tan La we 
f i n a l l y  dro2ped dnm t o  14,730 f e e t  ~bolre  s e a  l e v e l  (4,483 meters)  
from the  pla teau and cene out  on the  Sanchyu l i v e r  which flows i n t o  
the Tan-cnyu Xiver, c a l l e d  t h e  Bugyn-go1 bh t h e  Zongols. The l a t k r  
flows i'arther t o  the  s o u t h e ~ s t  and e n t e r s  t h e  :Jay-chyu l i iver o r  the  
Yhara-usu -- t o  use t n e  .:ongolian naxe (Salween). On t h e  San-c:lyu we 
e n c ~ u n t s r e d  a ca lp  of nomadic Tibetans whose small  b lack t e n t s  stood 
out h e l t e r - s k e l t e r  here and t h e r e  along t h e  v a l l e y ;  among  the^ c,razed 
numerous herds of yaks snd sheep ... 



n g ~ r  route through t h e  new p la teau  l ay ,  a s  before,  t o  t h e  south. 
rhe character of  t h e  a rea  here  was e v e r w e r e  t h e  same: lowdome- 
shaped h i l l s ,  i n  p laces  l e v e l l e d  o u t  i n t o  small r idges  and between them 
8 continuous hummocky swamp; st t h e  same t ime t n e  s o i l  was strewn with 
large gneiss boulders. The t r a i l  was hor r ib le ,  i n  p a r t i c u l a r  f o r  camela 
who had t o  climb f i r s t  through rocks and then through the  hunmocky 
swamps. Everywhere were encountered t h e  camps of nomadic Tibetans, who, 
spying on our caravan, usua l l )  rode up on horseback and proposed s e l l i n g  
us sheep, b u t t e r  o r  chur." (From Zaysan through Khami t o  Tibet  [Cherez 
Khami v Tibet.. .1, 1948, page 202.) 

In the southeast  3f t h e  Changtang a r e  s i t u ~ t e d  the l a r g e s t  of t h e  
Tibetan lakes  : Nam Tsho ( Tengri-Nur i n  t ~ o n ~ o l i a n ) ,  Sel ing, Dzharing, 
Naktsong, Chargut m d  o thers .  Several  of t h e  lakes  a re  s i t u ~ t e d  on t h e  
Changtang p l a i n  while o t h e r s  a r e  s i t u a t e d  n e s t l e d  i n  the  mountain spurs  
of tine trans hi ma lay^ which s h e l t e r  them from t h e  winds. In  t h e  case of 
the l a r g e s t  lake ,  N a m  Tsho, on the  west and t h e  e a l t  t h e  shores  a r e  P l a t  
while the  h i l l s  adjoining it on t h e  west r i s e  no more than 180 meters;  
on the e a s t ,  however, between t h e  lake and mountains, a low p l a i n  i s  
present. 

"Lake Tengri-Bur," w r i t e  p a r t i c i p a n t s  i n  the  Chinese expedi t ion t o  
Tibet, " i s  a broad expanse of water ly ing  a t  t h e  f o o t  of t h e  Nyenchen- 
Tanghla Range, t h e  peaks of which a r e  covered by e t e r n a l  snows. Around 
the mountains extends a broad ste9pe which serves  as  a wonderful paature 
f o r  c a t t l e .  The Tibetan people c a l l  t h e  Tengri-Nur t h e  Xarn Tsho, t h a t  
i s ,  iieavenly Lake, probably because it i s  s i t u a t e d  a t  R g r e a t  e levat ion.  
;Te 7errived a t  Tengri-iJur i n  t h e  midst of winter.  The shore of t h e  lake 
was deser ted.  The shepherds u s u a l l y  l i v i n g  here had 1- before moved 
on t o  o ther  places.  The weather was very cold. For e n t i r e  days a s t rong 
wind blew. s i n i s t e r  waves rol leG along on t h e  surface  of t h e  lake.  I t  
was necessary t o  walk sideways i n  order t o  move aga ins t  t!le wind. Toward 
evening t h e  wind g radua l ly  abated. A t  t h i s  time the  lake was e s p e c i a l l y  
b e a u t i f u l .  A b r i g h t  red sunset  lit up i t s  calm waters giving it a 
spec ia l  charm. I t  seeved t h a t  t h e  white snow, ly ing  on t h e  peaks of t h e  
Nysnchen-Tanghla, r i g h t  then and the re  would melt i n t o  ni lk ."  ( I n  the  
J e a r t  of t h e  Sikang-Tibetan Plateau," Vokrug sve ta  [Around t h e  i'forld], 
!lo 10, 1954.) 

Second i n  s i z e  s f t e r  t h e  Nam Tsho i s  t h e  Sel ing Tsho, the  nor thern 
s ide  of which faces  the  Changtang; i t s  southern s lopes ,  however, a re  
bounded by spurs af t h e  Transhimalaya. The lake i s  surrounded by a 
zone of d e s e r t  lawland, beyond which t o  t h e  south r i s e  low mountains 
wi th  s t e e p  s lopes  a t  t h e  c r e s t s  and gent le  s lopes  where they pass i n t o  
t h e  p la ins  below. 



Lakes Chargut and R'sktsong, surrounued by t h e  ru in - l ike  Transhima- 
lays sountains  which approach c lose  them, a r e  most p ic turesque than 

Tsho and Sel ing Tsho. The sur races  a? thase  lakes  a r e  studded with 
small i s l ands  and t h e  shores a r e  sinuous, rocky and l o c a l l y  precipi tous ,  

To the  e a s t  of the  l a rge  lakes ,  beyond the  b ~ u n d n r i e s  of Tibet ,  the 
Changtang passes over i n t a  t h e  t y 2 i c a l  landscnpe of' mountainous steppe 
?as tures ,  i n  r ibe tan  c a l l e d  "dalc". Along t h e  r i v e r  va l l eys  and along 
t,le n o i s t  slop3s a2peTrs s. vegetation which includes  . t rees ;  together  with 
nomadic c a t t l e  r a i s i n g ,  a g r i c u l t u r e  and f o r e s t r y  t ake  on s ign i f i cance  in 
the  economy ( ~ i  PU). 

llaving becorne acquainted mith t h e  n a t u r a l  condi t ions  i n  the  Chang- 
tang, many authors  co:ne t o  the csnclus ion t h a t  t n e  Chflngtang i s  a desert  
completely unsui table  f o r  t h e  l i f e  of t h e  people of t h e  region.  Zllis 
i s  f a r  fr3.n t h e  t r u t h .  Xven on t h e  northwest the  Ch~ngtang  i s  n o t  in  a l l  
p lsces  and a t  a l l  t imes a l i f e l o s s  dese r t .  une can c i t e  a s e r i e s  of 
i n t e r e s t i n g  exmples .  Thus, :'iellby, pass ing through t h e  Aksaychin 
d2pression a t  the  end 2 :JR; a,-id t h e  beginning of June, saw before him a 
s t z r i l e  d s s e r t ,  dev,2id ;I;rass. The place  a l s o  appenred t o  be a desert  
t 9  L u t r e u i l  de Rhins who ?assed by Snkes Khorpa and Kenze i n  September 
and t o  Bonvalot, c ross ing  the  Ghangt~n~.; from n o r t h  t o  south  i n  November 
and ~Iecember. But S. iledin, pr?:;sing through t'fie sane 2 l s c e s  i n  October 
through which ::'ellby had a l ready 2aasod, encountered e x c e l l e n t  p~ l s tu res  
w1d r e l a t i v e l y  f requent  f r e s h  water. 3ower encountered shepherds i n  
June a t  a d i s tance  3f 80-103 I:ilometers t o  t h e  e n s t  of' Lake Lru. ,ie saw 
shellherds i n  t h e  va l l eys  of the  iiaral.:orum and Zeai. 7 i n ~ l l 2 - ,  J. il. 
Przhevall skiy ,  crossin;; the  iiukusl.lili, ihnbure and Tanghle. i inn~;  :s ir, 

Jctober, conl-~ented on t h e i r  f l a t  ;:..torsheds and the  g e n t l e  s lopes  of tile 
s t i l l  imdiosected, secl,e-averl,r3;n~ swamss. (One silo1115 nent ion,  however, 
t h a t  he t raveled a?pr .~xi inate ly  3" f u r t h e r  e a s t  than  donvalot ,  i n  a region 
where t h e  cl imate is  moister .)  

Apparent12 the  Ch,mitang s h i r d l y  ciznnges i n  appearance depending 
on tine season of tile year. In  s liirficr, when the  r a i n s  come, ~.nd snow and 
i c e  melt i n  t h e  mountains, favorable c m d i t i o n s  a r i s e  i n  the  i h ~ n g t a u g  
f o r  the  growing of grass :  the  s o i l s  a r e  s a t u r a t e d  w i t h  moisture,  the  
water t a b l e  r i s e s ,  some lakes  even t u r n  Fresh, f o r  exanqle, Lake Aru, 
according t o  observations rnade by Zavrling. In tine autumn a l so ,  when the 
thawing of the  snows and t h e  r a i n s  come t o  an 2nd and t h e  dryness of tile 
sir incrc L S C S ,  the grass  d r i e s  ou t  and t h e  landscapes become com2letely 
desc r t - l ike .  I t  majl a l s o  be, t o  be sure,  t h a t  one t r a v e l e r  was i n  the  
:hangtang i n  a y e w  of low p r e c i p i t a t i o n  and another t r a v e l e r  -- i n  a 
yeer  of heavier  p r e c i p i t a t i o n .  There have been no systemfltic observa- 
t i o n s  here. 



Fen-shen likewise does not consider the  Chqngtang t o  be a typ ica l  
desert  but to be c h a r a c t e r i s t i c  of a large and elevated higilland and he 
explains t h i s  by the f a c t  t h a t  an adequate amount of prec ip i ta t ion  f a l l s  
on Tibetan highland. 

The mountain systera of the Transhimal~yn extends f o r  an imnense 
area on the Tibetan highland between tile Changtang on the  north and the  
depressions of the Indus and Tsangpo on the south i n  the l imi t s  of 29 and 
33' N. and 80 and 96" 5. 

Despite a number of important fea tures  i n  the na tura l  cond i t ims  
prevailing i n  the Transhimalaya, many fea tures  of i t s  landscape remind 
one of the Changtang which j u s t i f y  i t s  conclusion i n  Northern Tibet. The 
Transhimalaya i s  sirailar t o  the  Changtang both i n  the predominently east-  
vmst or ien ta t ion  of the ranges which r i s e  over the intermontane plains,  
and the numerous lakes, s i t ua t ed  in depressions, and the absence of 
drainage t o  the outside from a subs tan t ia l  p a r t  of the  area. There is  
also a s imi l a r i t y  i n  climate and the s o i l  and vegetative cover and, i n  
addition, almost the same processes influence the development of the 
landscape of both these pa r t s  of Tibet. But a t  the same time there  a l so  
are subs tan t ia l  differences.  

The northern, marginal ranges of the Transhimalaya a re  formed by 
the c lear ly  expressed ranges of t he  Aling-Kangri and the liyenchen-Tanghla, 
and the  southern -- the  Kailas aange and i t s  eastern prolcm@ion. Beyond 
the bend of the Tsangpo the Traushimalaya passes i n to  the Chinese-Tibetan 
Alps, whose mountain ranges have a northwest-southeast and north-south 
or ientat ion.  The Transhirnal~ya serves as  a w ~ t e r  divide between the 
Indian Ocean on the  south end the Tibetan area of i n t e r io r  drainage on 
the north. In  the western part ,  t h i s  mountain system i s  cut and drained 
by the Indus ( i n  the hea.dwaters, the Singichu), and i n  the e n s t  by the 
3alween. 

Ls a consequence of r e l a t i ve ly  l e s s  dissect ion the Transhimalaya 
seems more compact and massive than the Jimalaya. Tie c r e s t s  of i t s  
ranges a re  more monolithic, the val leys a r e  not so deep as i n  the Sima- 
laya, the c r e s t s  of which are  sh-rp and jagged and whose valleys are  
boldly incised. 

In  the  words of S. dedin, the Transhimalaya (Gmdisyshant) i s  the 
only area of i t s  kind where "the mountains do not form continuous chains, 
but r i s e  as  r o l l s  or steep humps of rock, apparently without any order." 
The mountain ranges are  poorly expressed, intermingled m d  const i tute  a 
depressing chaos of mountains. 



m e  absolute  e l e v a t i o n  of many peaks of t h e  descr ibed mountains 
a t t a i n s  7,000 meters. The h ighes t  ind iv idua l  ranges  and massifs rise 
2,000-2,503 meters above t h e  p l a i n s  b u t  the  l o c a l  r e l i e f  of t h e  greater 
p a r t  of theln i s  a g r e a t  deal  l e s s .  The passes  nre s i t u a t e d  on an avorage 
~f about 5,350 :r\eters and ind iv idua l  s a s s e s  r i s e  up t o  6,303 meters. 

The i n f l u e n ~ e  of t h a  Indian monsoon on the  Tranahimalaya i s  already 
noted i n  the ranges extending along the  southern bank of the  Bog-Tsangpo 
River, t h a t  i s ,  solnewhat south  of 32O A. I t  i n t e n s i f i e s  t a  the  south. 
Therefore s u b s t a n t i a l  a reas  of m ~ u n t a i n  s lope and vn l leys ,  p r i n c i p a l l y  
i n  the  e a s t e r n  p a r t ,  a r e  covered ?vith R t i l ick mantle of grass ,  but in the 
va l l eys  of the  southern chains a t r o e  vegeta t ion makes i t s  appearance. 
!\levertneless, t h e  c l imate  a s  a whole i s  very severe.  S. liedin even in 
,:ay (on the  n i ~ h t  o f  t h c  15th) noted 3 temperature of -25.6'; on Uay 24  
he saw a f roesn  wate r fa l l .  

The Kailas Range and i t s  easbuard p r o l o n g ~ t i o n ,  t h e  f i r s t  ( n f t e r  
the  .rimalaya) i n t e r c e p t i n g  t h e  moisture s t i l l  remaining i n  the  monssons, 
i s  s t rong ly  d i s sec ted ,  has alpirie fo r~ns ,  deep canaons ~ n d  g r e e t  varia-  
t i o n s  i n  l o c a l  r e l i e f .  l.lany of t h e  peaks a r e  covered wi th  vrhite shrouds 
of e t e r n a l  snmrs and g l a c i e r s  l i e  i n  t h e  upper p a r t s  of t h e  high valleys. 

The nor thern chains of t h e  Trnnshimalaya a r e  l e s s  d i s sec ted  than the 
southern chains.  They a re  strewn with  t h e  loose product8 of weathering, 
thus softenit lg and l e v e l l i n g  ou t  t n e  re l ief ' ,  giving it s o f t c r  forms. 
'The l o c c l  r e l i e f  here  i s  no rliore than a few hundred metors;  g l a c i e r s  
arc; nc l u l l  L ~ r e d  l e s s  l'requontly. ~~obvevar, s ucn nigh mountain chains as 
tne  Aling-Sangri and the  hiyenchen-Tangiila have marphological e l n i l a r i t y  
with t h e  Kailas.  The high rnountain ranges e r e  separated by broad valleys 
&?id bas ins ;  the  passes between them a r e  i n  1arce  p a r t  e a s i l y  accessible.  
L ~ r g e  lakes  n e s t l e  i n  t h e  low por t ions  of these  v a l l e y s  and basins.  

The western p ~ r t  of the  Transhifnslaya, where t h e  Alink-Ifangri and 
Lai las  ranges come toge ther  a t  a sharp angle, i s  occupied bb- t h e  basin, 
of the  Singichu Biver -- t h e  p r i n c i p a l  source of t h e  Indus. The Singi- 
chu r i s e s  from the  e t e r n a l  snows a t  an e l e v a t i o n  of 5,426 meters,  then 
flows alonk a l e v e l  and open v a l l e y  framed by green a l p i n e  meadows. 
dropping down below 5,030 meters, the  r i v e r  e n t e r s  i n t o  intermontane 
steppe lowlands. 'The f a l l  of t h e  Singichu i s  r a t h e r  s t e e p  and a t  the  
f o o t  of t h e  Aling-Xangri massif records  ahow i t s  e l e v a t i o n  t o  be 4,500 
meters; the  peak of t h e  mentioned ~ n a s s i f ,  however, r i s e s  2,800 meters 
above the  va l l ey .  A l a r g e  p a r t  of the surrounding mountains, however, 
has nothing more than  t h e  f o m  of low h i l l s .  The landscapes of t h e  
Sinkichu basin  a re  a i m i l s r  t o  t h e  Chengtang but  a r e  d i s t ingu i shed  from 
it by a r e l a t i v e  abundance of f r e s h  vsater and a denser g r a s s  cover whioh 
a t t r a c t s  the  nomadic Tibetans wi th  t h e i r  herds of sheep, goats  and yaks. 



~m the e a s t  and n o r t h  from t h e  sources of the  Singichu f o r  tens  of 
kilometers a mountainous d e s e r t  country  s t r e t c h e s  out  which has  the  
appearance of a s e a  with waves t h a t  a r e  seemingly frozen i n  place and 
turned t o  stone, and in appearance t h e y  have a b e l l  shape. I t  is  pre- 
cisely here t h a t  a p i c t u r e  of t h e  mountainous chaos t h a t  i s  charac te r i s -  
t ic of the  Transhimalaya makes i t s  appearance. The rock vraves of t h i s  
singular sea  a r e  made of rock s t r a t a  of pale  black,  red, green, yellcnv 
and v io le t  colors .  The a r e a  i s  d i f f i c u l t  of access ;  t h e  passes l i e  a t  
an elevation of 5,000-5,100 meters.  There is l i t t l e  vegeta t ion,  only 
occasionally a re  t h e r e  encountered s t a l k s  of very  hard and sharp Tibetan 
sedge, but,  d e s p i t e  such d e s e r t  c h a r a c t e r i s t i c s ,  one encounters kulan 
(wild a s s ) ,  hares ,  p a r t r i d g e s ,  b lack crows, and around t h e  l akes  -- 
lizards, grasshoppers -- and by the  water i t s e l f ,  geese and ducks. The 
largest of the  l akes  -- Nganglaring -- i s  surrounded by low s t e e p  moun- 
taine made up of yel low and brawn colored rocks. Over t h e  water su r face  
protrude mountainous i s l ands ,  sometimes extending out  i n  t h e  form of 
small ranges. 

To the  e a s t  of Lake Nganglaring i s  s i t u a t e d  t h e  c e n t r a l  p a r t  of t h e  
Pranshimalaya, d i s t ingu i shed  by a heavy cover of permanent snows, moun- 
ta in  ranges exceeding 6,000 meters i n  e leva t ion ,  and a c l e a r  express ion 
of t h e i r  chao t ic  arrangement. Beisdes t h e  Aling-Kangri and the  Kailas,  
the erea i s  charac te r i zed  by ~nanjr  high mountain ranges o r i e n t e d  i n  
various d i r e c t i o n s .  Of these ,  a prominent p o s i t i o n  i s  held  by t h e  north- 
northwest t o  south-southeast  o r ien ted  and p a r a l l e l  ranges of t h e  Lunkar 
rind the  Kanchung, separated by t h e  narrow r i v e r  v a l l e y  of t h e  Buptsang- 
rsangpo. The Lunkar i s  a tremendous range wi th  a c r e s t  covered f o r  
almost i t s  e n t i r e  l eng th  by e t e r n a l  snows. Its h ighes t  peak -- Lombo- 
Gangra ( i n  t h e  Lombo-Gangra Range) r i s e s  7,059 meters above sea  l eve l .  
i'he Kanchung Range nas t h e  same high snowy c r e s t .  The a rea  of these  
ranges c a r r i e s  the  t r a c e s  of anc ien t  g lac ia t ion .  The ex i s tence  of 
large  g l a c i e r s ,  descending a t  one time from t h e  Lombo-Gangra, i s  ev i -  
denced by moraines wi th  g r a n i t e  boulders i n  t h e  val ley.  The v a l l e y  
c a r r i e s  a stream flowing southward from t h e  Samlye La (pass) .  

The a rea  ly ing  along 30' N. i n  t h e  approximate l i m i t s  of 84-86' E. 
i s  c a l l e d  "Doktoln by t h e  Tibetans.  There i s  no d e s e r t  o r  steppe t o  be 
seen here  such a s  t h e r e  i s  i n  t h e  Changtang. iyild mountain r idges ,  deep 
g u l l i e s  and h i l l s  t h a t  a re  covered by succulent  pas tures ,  give p i c t u r -  
esqueness and a t t r a c t i v e n e s s  t s  t h e  landscapes. In  t h e  deep va l l eys  of  
r i v e r s  flowing i n t o  the  Tsangpo, one can encounter ind iv idua l  t r e e s  -- 
l?~i l low and poplar. To be sure  these  a r e  s t i l l  low-growing and s tunted,  
but  among t h e  fauna present  a r e  such represen ta t ives  of mancnalia as  snow 
leopards and monkeys. 



The Transhimalaya is  an imposing p i c t u r e  of a mo~nta inous  country, 
e s p e c i a l l y  i n  t h e  region of Lake Uangraym. The lake i s  surrounded by 
craggy mountains from which, t o  the  nor th  and t h e  south,  r i s e  mountah 
wal l s  t h a t  resemble g igan t ic  waves which have an east-west  and a lso  a 
north-south o r ien ta t ion .  Among t h e  l a t t e r  t h e  Torgot-Kangri Range stands 
ou t  a s  it extends along t h e  western shore of the  lake.  Of the  16 peaks 
making it up, t h e  g r e a t e r  p a r t  a re  covered wi th  e t e r n a l  snows which form 
g l a c i e r s ;  of these, f i v e  descend t o  t h e  e a s t  and s i x  t o  the  southwest. 
I n  places where the  snow cover i s  absent,  base rock of a blue-black 
color  i s  exposed. 

To t h e  e a s t  of Lake vangrayurn t h e r e  i s  a c l e a r e r  express ion of the 
east-west o r i e n t a t i o n  of the  two main ranges -- the  e a s t e r n  prolonga- 
t i o n  of the Aling-Kangri and Iiyenchen-Tanghla Rmge s . The prolongation 
of t h e  Aling-Kangri f o r  a s u b s t a n t i a l  d i s t ance  goes beyond t h e  l i n e  of 
e t e r n a l  snows, s ince  i t s  c r e s t  and ind iv idua l  peaks a r e  very high, 
e s p e c i a l l y  t h e  Dzhnng-Kar massif ,  a t t a i n i n g  6,371 meters.  iIigh spurs of 
t h e  nor thern slope of the  described r idge  a r e  s t r o n g l y  d i s sec ted  by the 
narrow and deep va l l eys  of the  Bog-Tsangpo River and i t s  t r i b u t a r i e s .  
The southern s lopes  of the  r idge,  hawever, drop o f f  t o  a broad and f l a t  
va l l ey  t h a t  i s  passable even f o r  the  movement of veh ic les .  This valley 
has a dense steppe vegeta t ion of meadow grass ,  Pes tuca  s u l c a t a ,  couch 
g rass  ( ~ ~ r o ~ ~ r u m  ~horoldianum) , eto .  

P a r a l l e l  t o  t h i s  r idbe  on t h e  south  the  Myenchen-Tanghla passes 
here naned the  Pabla. The h ighas t  peaks of t h e  g r a n i t e  c r e s t  of tne 
range a re  covered wi th  e t e r n a l  snows, t h e  spurs  a r e  high and s teep,  and 
the  climb t o  t h e  passes i s  d i f f i c u l t .  The nor the rn  slope and the  depres- 
s ions  of t h e  c r e s t  of t h e  Pabla a re  d i s t ingu i shed  by gen t le  and s o f t  
forms, reminding us of t h e  Tien-shan passes.  On t h e  o ther  hand, the 
southern, hlmid slope has,  more than  elsewhere i n  Northern Tibet ,  
e n e r g e t i c a l l y  inc i sed  va l l eys ,  sometilnas wi th  g l a c i e r s  i n  t h e  upper 
p a r t s ,  with s t e e p  slopes and thalwegs. The nor the rn  s lope of tne  Pabla 
i s  a deser t .  The southern s lope i n  i t s  n a t u r a l  cond i t ions  hawever, i s  
more favorable  and i t s  landscapes a re  more b e 9 u t i f u l  and r i c h .  I n  
v a l l e y s  of t h e  small  s t r e a m  a r e  found the  v i l l a g e s  of s e t t l e d  inhabi- 
t m t s ,  the re  a r e  encountered s e c t o r s  of f i e l d s  sox-m with  ba r ley ,  ard in  
the  mountains wander herds of domestic c a t t l e  on t h e  green a lp ine  pas- 
t u r e s .  There s t i l l  is  no f o r e s t  vegeta t ion,  but  i n  t h e  lower p a r t s  of 
t h e  mountain s lo2es  jou can see here and the re  dark green sgo t s  of 
brush-type juniper.  

From the  Pebla on t h e  south t2 t h e  Tsangpo extend mountain chqins 
t h a t  have a predaminantly east-west  o r i e n t a t i o n  and high ,,asses, many of 
which a t t a i n  almost 6,300 meters. The topography of the  a rea  is  
s t rong ly  complicated by v a l l e y s  of tile r i v e r - d i s s e c t e d  mountains. I t  i s  



it i s  s t i l l  more com2licated t o  t n e  nor th  of t h i s  rsnl;e i n  en 7 

artending t o  t h e  Aling-Kangri Range. In t h e  lo.{(, L a 1.L ) i n  ',..:- ,,,-1.l.i - . . 
tory are located Lakes Ngangtse and Pungpa [ ~ n r c  ; r ,., , . . c 21 .J I ,.; ,.,- 
taries from s e v e r a l  d i r e c t i o n ~ .  

Ti:cse branchink t r i b u t a r i e s  d i s sec ted  t h e  p r i n c i p a l  enst-west 
mountain ranges forming numerous spurs  of t h e  second m d  t h i r d  order and 
isolating ind iv idua l  n a s s i f s .  'The orography s e e m  the  rnore confused 
because here t h e r e  a r e  a l s o  ln rge  independent north-south ranges. .bong 
these ranges t h e r e  s t ands  ou t  n chain of e t e r n a l l y  snow-oovered peaks, 
the (;'yak-liharma, extending t o  t h e  south from Lake deharing t o  t h e  
Nyenchen-Tanghla, p a r a l l e l  t o  t h e  above-ruentioned Torgot-Tangri Ranges. 

To the  e a s t  of the  G'yak-liharma peeks the  mountain chains i n  l a rge  
part exbend t o  the  eas t -south-eas t ,  but  sometimes one a l s o  encounters 
ranges going a t  a r i g h t  angle t o  them. The h ighes t  range here, the  
Jyenchen-Tanghla, forms a ohain ol' trenendous pe&s %hat Rre white wi th  
snow. The passes through it ara  few i n  number and a re  very d i f f i c u l t .  
(The Goring-La Pass, leading from t h e  nor th  t o  Lhasa, has an  e l e v a t i o n  
of 5,970 meters. The t r a i l  ac ross  tile pass goes along t h e  g l a c i e r  which 
creeps down from t h e  pass.) 

From here  t o  t h e  n o r t h  end south one can observe 9 general  lowering 
of the  xnountains and t h e  beginning of a t r a n s i t i o n a l  region from the  
mountainous country  of the Transllimalaya t o  the  plateau-1 ike  Changtang . 
The low and f l a t t e n a d  o u t l i e r s  of t h e  Transhimalaya protrude onto the  
plateau,  and t h e  p l a i n s  s e c t o r s  of t h e  Changtang i n  t h e i r  t u r n  penetra te  
i n t o  t n e  v a l l e y s  between i t s  spurs.  

The e a s t e r n  p a r t  of t h e  Transhlol~laya is  more s u b j e c t  t o  t h e  i n f l u -  
ence of t h e  moist Indian monsoons, theref ore s i g n i f i c a n t  expanses here  
are  ocoupied by a dense steppe Lrass, Gl icor ia ,  and o ther  grasses  whioh 
form good pastures .  Ln individual  p laces ,  t o  t i e  south of Lake Deharing, 
i n  the  v i l l a g e  of Sendeha (Sedzhong) and i n  t n e  v i l l a g e  of h b a  (~ompo)  
near Lake Uangrayum, the re  i s  a sedentary population, occupied with ~ g r i -  
c u l t u r e  RS well  ns t h e  r a i s i n g  of c a t t l e .  They grow bar ley  and some 
garden crops. 

Among wild  animals seen near t h e  lakes by t h e  p a r t i c i p a n t s  of t h e  
Chinese Tibetan Expedition 1w3re goats ,  foxes wi th  a f i e r y  red f u r ,  
kulang and others .  

SOUTGRhJ TIBET 

This region i s  s i t u a t e d  t o  t h e  south of the  water d ivide  o f  the  
rranshimalaya, extending t o  t h e  c r e s t  of t h e  Greclt Himalaya R a n p .  In 
i t s  boundaries i s  included t h e  graben v a l l e y  of t h e  Indus-Tsangpo and the  



nar the rn  s lope of t h e  ~ i m a l a y a  an3 also ,  aa a subregion, the bas in  of 
t h e  u2per course o r  the  S u t l e j .  (Thus, i n  tha reg ion  a r e  included both 
Fen-shenls Tsean region and p a r t  of ilis Xi region,  t h a t  i s ,  the  ter r i -  
t ~ r y  of south-wcstern Tibet.) Included :lore i s  t h e  Lh~sq vmlley, 
although it i s  s i t u a t e d  i n  ~n i n t e r m o n t ~ n e  k p r e s s i o n  3f t h e  Trans- 
himnlaya. The c l imnt ic  condi t ions  o r  I.ha 'jn are  s i v i l s r  t~ the cli loRtic 
condi t ions  of tile T s n i 1 g 2 ~  v n l l e j  aud n o t  t o  those  of i iorthern Tibet ,  
s ince ,  i n  t h e  f i r s t  p lace ,  it i s  sh ie lded  by t n e  Sysnchen-Tanbhla Annee 
fro.:: tile illfluonce ~f c ~ l d  winds blowing f r a n  t h e  i iorth Tibetan plateau 
and, i n  the  second >lac,, it experiences t.ie r a n i n g  a c t i g n  of the  Indian 
mons0011. 

S o ~ t h e r n  Tibet  i s  drs ined by the  Tsangpo Siver,  and a l s o  by the 
Gartang and the  S u t l e j  -- t r i b u t a r i e s  ~f t h e  Indus, and, i n  addi t ion,  by 
the  l e f t  t r i b u t a r i e s  of t h e  Ganl;es and by r i v e r s  drop2ing down Tram the 
,limalaya t o  the  dr&na2utra, flowing through the  t e r r i t o r y  o r  India  
where t h e  t r i b u t a r i e s  jo in .  The s v e r n p  e l e v a t i o n  of S ~ u t h e r n  Tibet i s  
3,930-4,000 meters above sea  l s v e l ,  which i s  s i g n i f i c a n t l y  l e s s  than the 
average e l e v a t i o n  of Northern Tibet .  

Xa.rnrer arid mois ter  t n a n  i n  l iorthern Tibet ,  t h e  c l imate  and the  
conrlection of t h e  hydrogreghic network wi th  t h e  world oceans i n  Southern 
T ibe t  cause a  s i g n i f i c a n t  v a r i e t y  of landsczpes m d  r a t h e r  f a v x a b l e  
condi t ions  f o r  the  l i f e  and e c ~ n o ~ n i c  a c t i v i t y  of t h e  populst ion.  Agri- 
c u l t u r e  has developed i n  tine warm va l l eys  si l ielded from t h e  cold winds 
of , lorthern Tibet ;  the re  a r e  a l s o  gsrdening and r a i s i n g  of l ives tock  -- 
n o t  nomadic bu t  by maintenance both indoor$ arid on pas tu res .  :Io:vever 
favorable  the  s o i l  and c l i m a t i c  condi t ions  of Southern T ibe t  a r e  i n  com- 
par ison with those  of Xorthern Tibet ,  t h e  a g r i c u l t u r e  h s r e  cever theless  
nie:nands i r r i g a t i o n  s ince  -the p r e c i i ~ i t s t i o n  f a l l s  c h i e f l y  i n  t h e  suniiler 
season and no t  i n  tine spr ing when it i s  necessary  f o r  the  developlent 
of p lan t s .  

.4n overwhelming p a r t  of the population af T ibe t  3s e, whole l i v e s  
p rec i se l )  here,  i n  the  va l l eys  31̂  Soutiiern i ' ibet ,  i n  vrhich a re  cmcen- 
t r a t e d  t h e  p r i n c i p a l  c i t i e s  and economic cen te r s ,  s ince  beyond the l imits 
of the  v a l l e y s  n a t u r a l  condi t ions  f o r  t h e  most p a r t  a r e  l i t t l e  su i t ab le  
f o r  se t t lement .  an t h e  uppzr p a r t s  ,3f t h e  mountain s lopes  and on the 
p la teeu- l ike  watersheds a r e  of ten dupl icated landscapes s i m i l a r  t o  the 
:hangtang: rocky d e s e r t s  and sen i -dese r t s  o r  s teppes  wi th  lakes ,  
Solonchaks and srbrmps. Such a  type of landscape, c a l l e d  "tm" i n  Tibetan, 
i s  dupl icated t o  a  c e r t a i n  degree on the  nor the rn  slope of t h e  d h a l a y a ,  
i n  a  t e r r i t o r y  adjoining Enstern :Jepal and Silckin -- i n  t h e  a rea  of 
Uintssm. This area,  s i t u a t e d  a t  an e l e v a t i o n  of about 4,603 meters, 
lacks even a scrub vegeta t ion and i s  covered wi th  scan ty  coarse  grass.  
Like the  Changtang, it i s  charac te r i zed  by broad f l a t  v a l l e y s  separated 



by the ridges of rounded h i l l s .  The s i n g u l a r i t y  of t h i s  type of land- 
Bcape "tan" a s  d i s t ingu i shed  from t h a t  of Northern Tibet ,  c o n s i s t s  only  
in the presence of e x t e r n a l  dra inage.  

The landscapes of Southern Tibet  change shfirply as  you move from 
west t o  eas t .  I n  t h e  h e ~ d n a t e r s  of t h e  S u t l e j  and Gartang one can see a 
picture s imi la r  t o  t h e  Changtang; except,  poss ibly ,  t h e  mountains and 
the valleys i n  t h e  bas ins  of these  r i v e r s  a r e  more abundant i n  water 
and grass. Around Lakes Xanasarowar and Sakas and f u r t h e r  t o  t h e  eouth- 
east extends a landscape of highland pas tu res  c a l l e d  "dok" by t h e  
Tibetans. Prom here  t h e  landscapes change very not iceably .  !Thereas on 
the northern s lopes  and a t  t h e  heads of t h e  t r i b u t a r i e s  of t h e  upper 
course of the  Tsangpo t h e r e  grow bushes and occasional  dwarf t r e e s ,  
i n  the middle course of t h i s  r i v e r  t h e r e  aspears  a f o r e s t  which below 
Chetang (Tseetan) covers t h e  mountains along both banks wi th  a dense 
cover, changing over a t  t h e  e a s t e r n  boundary of T ibe t  i n t o  magnificent 
virgin f o r e s t s ,  coniferous h ighes t  up, mixed f o r e s t  below, and still 
lower -- a bamboo t h i c k e t .  a e r e  a r e  s i t u a t e d  t h e  p r i n c i p a l  f o r e s t  
resources of T ibe t  proper. 

CENTRAL SUBREGION 

The nor thern boundary of t h e  subregion passes  along t h e  c r e s t  of 
the Kai las  and t h e  Nyenchen-Tanghla, the  southern, along t h e  c r e s t  of 
the Great Himalaya Range on t h e  e a s t  and along t h e  Zaskar c r e s t  t o  t h e  
west. 

The p r i n c i p a l  p a r t  of t h e  subregion i s  formed by an  intermontane 
depression-graben separa t ing  t h e  Himalaya and t h e  Transhimalaya. A t  
Lakes Rakas and Manasaro1~ar t h i s  depression i s  i n t e r s e c t e d  by a gen t le  
r i s e  of a nor theas te rn  d i s loca t ion ,  serving as  t h e  watershed between t h e  
Indus and t h e  Tsangpo. 

The c e n t r a l  p a r t  of t h e  he igh t s  forming t h e  water d ivide  i s  oocupied 
by Lakes Rakas and iuanasarowar. C h a r a c t e r i s t i c  of i t s  landscapes a r e  low 
t a b l e l i k e  mountains wi th  good bu t  sometimes swampy pas tu res  o r  a l s o  low 
gul ly-scarred mountains and h i l l s  with rocky peaks t h a t  surround f l a t  
va l l eys .  (The e n t i r e  t e r r i t o r y  around Lakes Rakas and !ilanasnrowar i s  
c a l l e d  "dok" by t h e  Tibetans,  t h a t  i s ,  highland pastures . )  Near t h e  
sources of t h e  S u t l e j  and t h e  Gartang t h e  a rea  i s  a r a t h e r  f l a t  end 
s l i g h t l y  r o l l i n g  surface with sca rce ly  no t iceab le  v a r i a t i o n s  of e leva-  
t i o n  which do n o t  exceed 200 meters.  The headwaters of these  streams 
a r e  separated by very low and gen t le  watersheds and t h e  headwaters of 
the  Tsangpo are  a l s o  coming c lose  and it i s  expected t h a t  one of these  
r i v e r s  w i l l  capture p a r t  of t h e  bas in  of t h e  other.  Aiqarently,  t h e  
S u t l e j  w i l l  be t h e  captur ing stream s ince  it has t h e  most deeply inc i sed  
channel and the  s t e e p e s t  f a l l i n g  gradient .  



The c l imate  of t h i s  a r e a  i s  charac te r ized  by Swmi Pratlsvanandra 
a s  cold end dry, with s t rong winds blowing f r m  t h e  beginning of Novem- 
ber t o  t h e  middle of 2ay. The monsoons s e t  i n  l a t e  and t h e  r a i n s  are not 
very abundant, although they f a l l  i n  t h a  form of do:vnp~urs. '1 large  part 
of t h e  r i v e r s  f reeze  t~ t h e  bottom i:l winter .  I n  s m n - r  the  water level  
i n  tne  r i v e r s  v a r i e s  sharply:  i;l the  ~norning and during t h e  day they 
a r e  a t  lm  water, bu t  toward evening, due t o  t h e  thawing of t h e  snow 
a d  i c e  i n  the mountains, they overflow and becorne unfordable. S u e r  
treather, a s  i n  the  Zhangtang, i s  very unstnble  -- k;ood wefither i s  
unexpectedly replaced by bnd and snow f a l l s  ins tend  of r a i n  with thunder. 
The same author 2 o i n t s  out  t h a t  i n  t h i s  p a r t  of Tibet  there  a r e  known 
such wild animals as  t h e  yak, kulang, mountain sheep, musk deer ,  the  
snow leopard,  lynx and brown and black bears .  

Despite the  s e v e r i t y  of t h e  c l imate ,  t h e  s r e a  i s  populated. In  
the  mountain and steppe pastures  c a t t l e  g r s z i e r s  l i v e  a  nomadic l i f e  
-with t h e i r  herds and on t h e  p l a i n s  and i n  t h e  v s l l e y s  a r e  encountered 
v i l l a g e s  of sedentary inhab i tan t s  c u l t i v a t i n g  bar ley,  peas and mustard, 
and i n  t h e  gardens -- r ~ p e s e e d  and ;otatoes.  

In t h e  northivest from t h e  7,vatershod he igh t s  the  t i a r t ~ n g  River flows 
through an intermontane t e c t a n i c  v s l l e y  -- t h e  l e f t  b r ~ n c h  3f the  he?d- 
..*nters of the  Ind~ls .  T .J Carting is s n s l l e r  than t h e  Singichu end it 
flovts slowly t o  i t s  confluence viitn t n e  l a t t e r .  3n the  sauthwest i t s  
val ley  i s  bounded by t h e  gloony s t e e p  and d e s e r t - l i k e  Ladalc Ssnge -- e 
north2rn o u t l i e r  of the  dimalsya, and on t h e  n ~ r t h e 3 s t  -- sy  the  reddish 
hat la- :  iountains -- a southern o u t l i c r  3.f' t he  Transhias laya.  A t  Gartak 
the  r i v e r  flows thr3ugh a  depressing steppe p l a i n  frwned by d e s e r t  h i l l s  
wi th  th in ly -sca t t e red  l i t t l e  bushes 3f v e ~ e t a t i o n  3n t h e  rocky ridges. 
Somewhst below t h i s  c i t y  t h e  Gartang e n t e r s  i n t o  a  broad vul ley,  9-14 
ki lometers  vride, charac te r i zed  by an unusual s t r s i g i l t n e s s  and symmetry 
of s t r u c t u r a ,  thanks t o  ~vhich the e n t i r e  val ley  frsm both  ends can be 
s?cn f o r  tens  of Icilameters. I t  i s  easy t o  see t h e  spurs  of t h e  Lqdak, 
a s  f a r  a s  t h e  eye can see, shaped l i k e  an inver ted  "V", and t h e  canyons 
of t ransverse  va l l eys  s ' l in inc  %st.,veeil the;n; on the  r i g h t  s i d e  of the  
Gartank can be seen t h e  h i l l y  ranges of t h e  Kai las ,  h igher  t h a n  the  
Ladak. 

M t e r  t h e  confluence of t h e  Singichu m d  Gsrtang, t h e  Icdus, as 
the  c ~ m o n  s t r e a n  i s  then ca l l ed ,  f lows i n  a f l a t  v a l l e y  up t o  4 k i lo-  
meters wide.  3n both s i d e s  of it r i s e  low, gent ly  s lo2ing h i l l s ,  60-70 
neters  high, wtth sandj. slopes.  The h i l l s  a r e  almost na!:=d ~ n d  only 
d o m  b e l m ,  a t  t h e  foot ,  i s  t h e r e  a  grassy cover wnich, d e s p i t e  i t s  
scant iness ,  i s  used by nomadic c a t t l e  r a i s e r s  t h e  year  round -- thanks 
t o  t h e  snowless winter .  



To the sou theas t  of t h e  watershed, through a t e o t o n i c  v a l l e y  
the  Liimalaya and t h e  Transhimalaya, flows t h e  Tsangpo River. 

The water divide between it and Lake X.masarowar i s  a low pla teau- l ike  
barrier -- an intermontane lowland b e h e z n  t h e  Ladak and i ia i las  Ranges. 
The watershed i s  almost completely f l a t ,  xeakly  expressed and w i t h  a 
local r e l i e f  t h a t  i s  s c a r c e l j  noticerible. {Two lakes  a r e  s i t u a t e d  on 
the watershed -- Gunchu Tsno a t  4,877 meters abolre sea  l e v e l  and t h e  
l'amlung-Tsho. The e l e v a t i o n s  o l  the  2asses  leading from the  bas in  of 
the Tsangpo t o  t h e  bas in  of t h e  iianasarowar a r e  r e l a t i v e l i  small; t h e  
:Jarianla i s  a t  6,151 meters and t h e  Liarniyakla a t  5,302 f e e t . )  ,111 
this gives reason t o  su,~poss, : c o t e  1i. V. Kyuner in h i s  time, t h a t  i n  
the future  the  headwaters of tile Tsangpo w i l l  d r a i n  t h e  bas in  of Lake 
danasarowar. F r ~ m  west t o  e 9 s t  along t h e  watershed t h e r e  extends a 
short range t h a t  R t t R i n S  6,065 meters absolute  e leva t ion .  

In  the upper course of' t'ne Tsangpo the re  a r e  c l e a r l y  expressed 
traces of eros ion:  i t s  s lodes  a r e  steep,  s t rong ly  dissected,  wi th  bare 
base rock and t a l u s .  Tile r i v e r  f lows i n  a deeply inc i sed  rocky channel 
with a width of up t o  20 meters. From t h e  nor th  it is  c l o s e l y  approclched 
by the g radua l ly  dropping Kai las  ;lountains, and on t h e  south, somewhat 
withdrawn, by t h e  L ~ d a k  Llountains. The a r e a  i s  s t e r i l e ,  wi th  t h e  excey- 
t ion  of shie lded bas ins  and depressions;  t h e  population i s  sparse,  and 
only t o  tho e a s t  of Truksm does t h e  population increase .  Large herds 
of c a t t l e  graze on t h e  mountain pas tures .  

Fur ther  t o  t h e  e a s t ,  approximately t o  Tradum, along t h e  northern 
shore of the  Tsangpo t h e r e  r i s e  up small  h i l l s  of c layey shale ,  l a t o r  of 
red sandstone; on t h e  southern bank of the  r i v e r ,  however, a t  a d is tance 
of 25-35 ki lometers  from it, i s  s i t u a t e d  a high mountain range vihich 
serves a s  t h e  watershed betwecn t h e  bas in  of i n t e r i o r  drainage of Tibet  
and t h e  Indian Ocean drainage basin.  Despite t h e  g rea t  number of i c e  
f i e l d s  and g l a c i e r s ,  t h i s  r idge  does n o t  d r a i n  t o  the  Tsangqo, but  sends 
i t s  streams t o  the Ganges. 

A t  Tradun t h e  Tsangpo i s  s t rong ly  pinched between mountain chain8 
t h a t  oome c l o s e  t o  one another: i n  the  south they a r e  rounded and law, 
b u t  on the nor th  t h e y  a r e  s t r o n g l y  d i s sec ted ,  o f t e n  hanging over t h e  
r i v e r  i n  rocky precipices .  For n considerable d i s tance  the v a l l e y  
becomes unsui table  f o r  se t t lement ,  and even t h e  roads pass it by f o r  
more favorable  intermontane p l a i n s  and t h e  va l l eys  of o the r  r i v e r s .  

There is  no a g r i c u l t u r e  i n  t h e  western p a r t  of t h e  Tsangpo basin. 
T i l l e d  a reas  appear only a f t e r  approximately 100 kilometers towards the  
mouth of t h e  Yalung River, flowing i n  a t  t h e  c i t y  of L1&adze. The t r e e -  
type vegetation,  a s  already mentioned, i s  a l s o  absent, and only on the  
nor thern slopes of t h e  mountains and a t  t h e  heads of s ide  t r i b u t a r i e s  do 
d ~ ~ r f  t r e e s  and bushes grow, 



To the  e a s t  of the  aou th  df the  Yalung 3 ivor  t h e  landscape begins 
t o  chawe  and become .nore varied:  t h e  r e l i e f  bccomos aoi-e dis,ected, 
the  vegeta t ion more abundant, t n e  mountains n o t  so  gloomy and desert- 
l i k e .  The val le)  of t h e  Tsangpo i s  S t i l l  c o n s t r i c t e d  and t h e  bare rock 
of the banks comes r i g h t  down t o  the ur?ter bu t  wnere t h e  v s l l e y  widens 
out  snd i n  the  va l l eys  of t r i b u t a r i e s ,  v i l l a g a s  nre encountered yore 
often,  t h e  f i e l d s  a r e  c a r e f u l l y  c u l t i v a t e d  and t n e r e  a r e  s c ~ t t e r e d  small 
wooza; open = t o r s  a re  coverea wi th  th ick and succulent  grasses .  ,low- 
ever,  a f t e r  the  confluence of t n e  Tsangpo wi th  the  Raga-Tsangpo River, 
the  va l l ey  widens out  and it t ~ k e s  on tihe appeerance of a  wall-protected, 
f e r t i l e  d i s t r i c t  wi th  broad f i e l d s  of g r ~ i n  and groves of poplars among 
d i c h  a r e  seen a  g r e a t  number of v i l l ages .  Only here  and t h e r e  are  
encount2red i n f e r t i l e  sandy a l l u v i a l  p l a i n s .  

A s t i l l  more b e a u t i f u l  p i c t u r e  unfolds i n  t h e  s e c t o r  b e t m e n  
Shigatse and Lhasa. Here s t r a t c h e s  t h e  Tibetanst  a o s t  beloved landscape 
and the  most s u i t a b l e  one f o r  se t t lement .  The Tibetans  c a l l  it 'Iron. 
The mountain spurs  abu t t ing  on the  r i v e r s  a r e  d i s s e c t e d  by deep gu l l i e s  
and canyons along whose rockc beds n o i s i l y  f low t r a n s p a r e n t  r i v e r  cur- 
r e n t s ;  i n  t h e  widenings of the  Tsangpo va l l ey ,  a t  t h e  mouths and i n  the 
va l l eys  of i t s  t r i b u t a r i e s ,  nre s i t u a t e d  the  v i l l a g e s  of farmers who 
sow the  f a r t i l e  a l l u v i a l  s o i l s  wi th  bar ley,  wheat, peas, Indian hemp and 
who c u l t i v a t e  rapeseed and radishes .  

Soon a f t e r  Skigatse  t h e  Tsangpo e n t e r s  i n t o  a  narrow canyon with 
rocky v e r t i c a l  s lopes  up t o  300 meters h igh and from t h e  mouth of the  
dhan River t o  t h e  mouth of t h e  aong l i iver it becomes unnavigable. Then 
t h e  canyon widens ou t  and t h e  r i v e r  w i t h  i t s  powerful c u r r e n t  breaks 
i n t o  the  open. To t h e  south  of t h e  Tsangpo, beyond t h e  adjoining "ron" 
landscape type,  extends t h e  higher  d e s e r t  r eg ion  " tann  of t h e  northern 
slope of t h e  Himalaya, reminding one of t h e  Changtang i n  appearance. 

.'~t Lake Yamdok t h e  Tsangpo flows a t  an e l e v a t i o n  of 3,609 meters in  
a narrow va l l ey  bounded by high mountains approaching c lose  t o  t h e  r iver.  
Sspec ia l ly  s t r i k i n g  i s  t h e  appearance of the  Transhimalaye Liountains. 
iiigh, pointed,  and covered wi th  e t e r n a l  snows, t h e y  seem, a s  *:Taddell 
noted, more p rec ip i tous  and roc!cy than  t h e  c r e s t  of t h e  Yimalaya. %h the 
nor th  and t h e  south of t h e  r i v e r  between t h e  r i v e r  and t h e  mountains 
s loping t e r r a c e s  gent ly  r i s e  which have a width of between a  few hundred 
meters and 3-4.5 kilometers.  Also on them, in t h e  form of t e r r a c e s ,  are 
s i t u a t e d  the  f i e l d s  of t h e  fa.rmers; here  and t h e r e  a r e  encountered v i l -  
lages  surrounded by poplar o r  a l d e r  groves and orchards of walnut and 
apr ico t .  Xild-growing f l o r a  here  i s  a l s o  abundant and var ied.  I n  the 
canyons near  t h e  Tsangpo blackthorn c l i n g s  t o  t h e  c l i f f s ,  wi ld  roses 
grow, t h e r e  i s  bushy rhododendrum and amidst t h e  g rasses  a r e  masses of 
wild f lowers -- forget-me-nots, crowfoot, r o s e - l i l a c  d a i s i e s ,  red  and 
1 i l a c  mytnik. Arnong t h e  animals one can encounter kukuyamana, badgers J 

r a b b i t s  and o t t e r .  



dven i n  the  upper zone of t r ~ e  mountains, on t.he high pas tu res ,  
natural condit ions a r e  generous end b e a u t i f u l .  I. Epshteyn, co'npleting 
a journey by automobile from Ll~osa t o  Sh iga t se  along t h e  new highway and 
paseing through t h e  a l p i n e  2as tu res  of the  l e f t  bank, w r i t e s :  "...our 
vehicle paseed a canyon between two h igh  red c l i f f s  and we came ou t  on 
a high mountain pas tu re  nB?r Y~tnbatszin. dere ,  under t h e  p ro tec t ion  
of tine snowy range of t h e  ,Iyenchen-Tanghla, tnousands af  yaks and sheep 
graze i n  a shimmering s e a  of g r n s s  and bushes oolorod i n  ~ u t u m n  i n  
purple, s c a r l e t  and brown t ~ n e s .  In  tile c ~ u r s a  of many hours ie did  n o t  
lose s igh t  of' t h e  peak of 3zhorno-Gmga Jountain -- one ~f t h e  most mag- 
nificent peaks i n  t'ne world witti an e l e v a t i o n  of 7,800 meters nbove s e a  
level. I t  rose  up before  us, a s  i f  an inunense sugar l o a f ,  t h r u s t i n g  up 
into the blue sky, dazzl ing wi th  i t s  stlining snowy peak, spark l ing  with 
glaciers. As we approached, f  r ightelled ante lope leaped headlong i n  
various d i r e c t i o n s .  luge e u ~ l o s  slowly c i r c l e d  i n  t h e  motionless a i r .  
Once, two meters  from t h e  f i r s t  vehicle 3f our au to  c ~ r a v a n ,  a l a rge  
grey wolf r a n  ac ross  t h e  road. ("Travels  i n  Tibet, ' '  i n  t h e  rnsg~zine 
China [bi tay] ,  No 2, 1956.) - 

S a r a t  Chandra Das desc r ibes  t h i s  p a r t  of t h e  Tsangpo v a l l e y  i n  
delighted tones:  "...from t h i s  place (from t h e  Kamba-la Pass -- 3. YU.) 

I  nRs e n t h r a l l e d  vrith t h e  n o s t  nngn i f i cen t  view I h ~ d  ever encountered i n  
Tibet. The vall .ej  o f  t h s  Ts~.rig,)o ~ p o n e d  before my eqes, t h i s  g r e n t  
r ive r  flowed through R deep canyon a t  t h e  f o o t  of forest-covered Inoun- 
ta ins .  Here and t h e r e  small  se t t l ements  were v i s i b l e ,  a lnrge  p a r t  3f 
them cons i s t ing  of  small  houses with white wa l l s  surrounded by- tsll 
t rees ."  ('Travels i n  Tibet  [Pu teshestviye  v Tibet] ,  St .  l ' e t e r s b ~ ~ r g ,  
1904, page 182.) 

'I'o t h e  soutll of the Tsang,~o, botvrzen t h e  Great ~iirnalasa iimge and 
t h e  Ladak wi th  i t s  e ~ s t e r n  prolongat ion ( t h e  Nepal-Tibetan watershed), i s  
s i t u a t e d  en intermontane l o w l r ~ d ,  r a t h e r  high above sea l eve l ,  however. 
I t s  surface ,  a s  w e l l  RS  the  northtrrn s lope of t h e  Grent d i r n ~ l a y a  dropping 
down t o  it, i s  R r o l l i n g  s teppe a rea  of "do!<" with low east-west  o r ien ted  
 noun-tain r idges  between ~ l i c h  flow r i v e r s  -- i n  t h e  west, the  l'ungchu 
(below Arun), and i n  the e a s t  -- t h e  Subansi r i .  risving a general  west- 
e a s t  d i r e o t i o n  of flow, the  r i v e r s  l a t e r  head southward, burs t ing  through 
the  Great dimalaya Range and dropping down t h e  liindustan Lowland t o  the  
drahmaputra. 

I n  t h e  bas ins  sf the  intermontane depressions a re  s i t u n t e d  l s r g e  
lakes  without o u t l e t s :  Lakes Falgo, Ts~rnotretung, Ys~ndo!c, ?om-, and 
P i ~ u .  I n  addi t ion,  one cnc3untcrs broad f l ~ t  depressions,  n 2 p ~ r e n t l y  
t h e  bottoms of ancient  dried-up lqkes,  c u t  through t o  a depth 3f 3-30 
q e t e r s  by t h e  channel-like r i v e r  val leys .  This p n r t  of Southern Tibet ,  
l o c a l l y  dropping down t o  4,099 meters, has .r ra the r  ? l v o r ~ b l e  c l imate  and 
i s  s v i t a b l e  ?or se t t lement .  S t e r i l e  swampy e x p n s e s  ?re rnreldr encount- 
ered,  these  bein< ro21aced by a hig!~-mountsin s ieppo 7,vitn t h i c k e t s  of 



blackthorn, or  -- a t  high e l e v a t i o n s  -- by a lp ine  meadows with rhodo- 
dendrm. I n  t h e  va l l eys  and on t h e  p l a i n s  n e w  such lakes  a s  Tsonotre- 
t u g  and Yamdok the re  a re  good s o i l s  s u i t a b l e  f o r  c u l t i v a t i o n .  The 
landscapes a r e  enlivened w i t h  l i t t l e  v i l l a g e s  and m.anssterics c l ing ing  
l i k e  g igan t ic  b i r d s t  n e s t s  t o  the  rocky ledges  of t h e  mountain slopes; 
they have the  b r i g h t  green of doplar  and willow groves along t h e  course 
of the  r i v e r s  and high s teep  peaks shrouded i n  snow with juniper cl inging 
t o  t h e  s lopes .  

In  t h e  zone ad jo in ing  t h e  f o o t  of the  nor thern s lope of t h e  Great 
aimalaya Range begins t h e  realm of the  d s s e r t ,  which, however, i s  not 
devoid of a s i n g u l a r  beauty and magnificence, a s  c l e a r l y  described by 
Waddell. The Tibetan landscape, he wr i t es ,  g ives  t h e  impression of 
immense sand dunes, &o gen t le  a r e  t h e  rounded contours  of a lnrge  per t  
of i t s  unforested uplands i n  co~nparison with t h e  p ~ r t  of t h e  iii~nalaya 
through which you pass i n  the  nor th  with i t s  s u r p r i s i n g l y  s t ra igh t - l ined  
mountains deeply c u t  by narrow val leys .  The co lo r ing  of the  landscape 
and t h e  rock exposures of the  mountains have a f i e r y  o r  yellowish tone, 
with dark r e d  and a s h y l i l a c  s1 ; re~ks  and a r e  c lad  wi th  snow ~ n d  ice .  
(!Taddell examined the  Tibetan landscape from t h e  lIimalayan s i d e  of the 
Tanla i n  t h e  wintertime. A .  : : '~ddel l , -~hasn and i t s  ~ e c E e t s  [Lkhasa i 
eye -tuyny], S t .  i .etersburg,  1306.) 

The cen te r  of the  p a r t  i e s c r i b e d  of Southern T ibe t  i s  the  Nyaxchu 
River va l l ey ,  flowing from sauth  t o  n o r t h  i n t o  t h e  Tsangpo across  eas t -  
west ranges. The headwaters of t h e  Kyangchu c ross  t h e  doser t  zone of the 
nor thern slope of t h e  Great ,limal9y.a Sange. Tvrenti-five o r  t h i r t y  kilo- 
meters before t h e  c i t y  of Gyangtse t h e  v a l l e y  l o s e s  i t s  dese r t - l ike  
appearance. A t  an e leva t ion  of 4,990 meters one encounters zhostcr,  
zuniper bushes, elms, nnd a l s o  willow and low yellow b i r c h .  aelow there 
extends a b r igh t  cover of poison hemock, s r n i a a ,  acon i te ,  burdock, 
rhubarb, n e t t l e ,  thorny couch g r%ss ,  f i b r o u s  e v e r l n s t  ings,  veronica,  
s d s i g r a f i y a  mid o ther  plan-ts, i n  l.?.rge p a r t  wi th  yellorr  nnd blue 
flowers. 3f animals, bes ides  the  wi ld  nss (kulan) ,  t h e r e  e r e  wild 
sheep and goats. Also l i v i n g  here  zro wild g a z e l l e s  and burgal ,  and 
among the  b i rds ,  t h e  snowy pheasant. 

A t  Gyangtse the a rea  becomes wooded and one o f t e n  encounters thickets 
of raspberry  and elm. The width of t h e  r i v e r  v a l l e y  a t t a i n s  18 ki lo-  
meters. Prom Gyangtse t o  Shigatse  t h e  v a l l e y  of the  Nyangchu i s  one of 
the  r i c h e s t  and most f e r t i l e  regions  of Tibet .  Sech s u i t a b l e  scrap of 
land i s  c a r e f u l l y  c u l t i v a t e d  i n  m i l l e t ,  legumes, s m e r  wheat and r ice .  
The 11rell s e t t l e d  a rea  extends a l s o  t o  t h e  e a s t  of G y a q t s e  along the 
road t o  Lhasa. 13ut condi t ions  f o r  t h e  i r r i g a t i o n  o f  f i e l d s  arc  here 
l e s s  favorable arid the re fore  among the  sown crops t h e r e  i s  a predoai- 
nance of barley,  yeas and mustard. 3n t h e  meadows f l o u r i s h  such flowers 
as  crowfoot, aconite,  clematis,  primroses, blue hyacinths  and cobalt-  
colored poppies. 



honk  t h e  lakes  s i t u a t e d  i n  tA1e depression letween the  :iepnl- 
Tibet~n :&latershed and t he  u ro r t t  L~irnalaya Range, Ynmdok i s  tile l a r s s t .  
11 i s  s i tua ted  E09 ~ e t e r s  above the  v q l l e ~  of the  Tsangpo m d  i s  sep- 
Rrated f r m  it by a trrelve k i l o n e t e r  zone c~f massive, sharply  defined 
auuntains up t o  5,330 meters higii. I'he l ake  i s  r r m e d  bJ roundod, 
grass covered h i l l s  and s tepde p l a i n s  wi th  cherr~ozcm s o i l s ,  e x c e l l e n t  
for pasture. Espec ia l ly  r i c h  a r e  t h e  pas tu res  of t h e  Yamdok r;srmalin 
Plain, extending t o  the  e a s t  of t h e  lake.  In t h e  r e g i o n  of the  lake,  
i n  canparison wi th  a r e s s  s i t u a t e d  f u r t h e r  vest, t h e r e  i s  a more abun- 
dant t r e e  cover. Besides juniper  one soaetimes comes acrosa willow and 
poplar here ns well  a s  cypress  and s i l v e r  f i r ,  m d  along the  mountain 
slopes of t h e  va l l eys  of t h e  small r i v e r s  running down t o  the Tsangpo, 
barberry, wi ld  white roses ,  h e ~ t h e r  bushes with yellow flowers,  and i n  
the r i v e r  lowlands, orchards of p e a c h ~ s ,  pluns and walnuta.  In  the  
mountnins l i v e  wi ld  sheep, gcJats and musk deer.  There a r e  a l s o  many 
birds. But it i s  cur ious  t h s t  d i f f e r e n t  f r a n  t h e  c o l o r f u l  f lowering 
vegetation t h e  f e n t h a r s  of the  b i r d s  h.sre, a s  . iaddell  notes,  nre dark 
and the re  a r e  almost no b r i g h t  tones.  

The landscapes i n  t h e  v i c i n i t y  of Lake Yamdok, aocording t o  't'iaddell's 
deaoription,  remind one very much of Scotland. "Tne lake,  a t  t h i s  plaoe 
a t t a in ing  a width of 3-5 iniles and ly ing  amidst g e n t l y  rounded mountains 
with l i l a c  t h i c k e t s  of p e a - l i k ~  Ped icu lnr i s ,  resembled the  wild i n l e t s  
of 3ootlend t o  auoh an ex ten t ,  even desp i te  t h e i r  oomplete aosence of 
t r ees ,  t h a t  I i n v o l u n t a r i l y  expected t h a t  a t  any moment a steamship 
would appear around t h e  oorner." ( ~ h a s a  and i t s  Secre t s  [LWlasa i eye 
tayny], St .  Potersburg,  1906, page 243.) 

Similar  i n  n a t u r a l  oondi t ions  t o  Southern Tibet  i s  t h e  interinan- 
t ~ n e  too ton ic  d e p e s s i o n  a3ut11 af tlie nain ~rateroned or  the  Transhima- 
layn and having Lnasa i n  i t s  oen t e r .  Thia uepression i s  s i t u a t e d  between 
tne flyenchen-Tanghla Range on tlie ~ l o r t h ,  the  ens te rn  p o l o n g a t i o n  d t h e  
d a i l a s  on the  south and s s e r i e s  of rangee of various o r i e n t a t i o n s  i n  
t h e  e a s t .  Li Pv notes  t h e  presence here of f a u l t s  end r i v e r  v a l l e y s  
pene t ra t ing  deep i n t o  t h e  mountains. The depression occupied by Lhnsa, 
toge ther  wi th  t h e  p l a i n s  acco.npanyin~ t h e  i l e i c h ~ ~  River, due t o  i t s  tec-  
tonio  o r ig in ,  w r i t e s  Li Pu, f o n l s  R s t a i r c a s e ,  the  s t eps  of which r i s e  
t o  the northward from the  Tsanbpo River.  f i e  i n t e r i o r  ranges of the  
t a r r i t o r 3  described r i s e  up 5,930-5,530 meters, but  i n  individual  casos 
t h e i r  pealcs a t t a i n  6,235 and 6,136 meters. Above t h e  val le]  of the  
Dzichu River (3,650 meters)  t h e  h ighas t  snow;) c r e s t s  r i s e  2,300-2,500 
meters more. The steepness of the  mountain s lapes ,  c u t  by deep val leys ,  
i s  considerable;  the  c r e s t s  of t h e  ranges a re  shs r2 ly  pointed. The 
southern slopes of t h e  mountains, Pacing the  Lhasa Basin, a re  o f ten  
completely bare but t h e  northern slopes a re  overgrown with scanty  low- 
growing brush. 



m e  climate of the  Lhasa Basin, s i t u a t e d  a t  approximately 1,030- 
1,303 meters lower than t h e  Northern Tibetan i ' lateau,  and shie lded from 
the  cold nor th  winds by t h e  Nyenchen-Tanghl~, i s  moderate. The average 
annual tern e r a t u r e  i s  go, the  averace t e m p e r n t ~ r e  of t h e  co ldes t  nonth g i s  about O , and of tne  h o t t e s t  -- July, 17') t h e  maxi:num being 283, 
t h e  minimum 143. Since t h e  ~ n ~ i s t  a i r  masses p e n e t r ~ t e  here  from tie 

Indian 3cean, about 530 mi l l imete r s  of $ r e c i $ i t a t i 3 n  f a l l s .  Sometines 
it i s  two t o  th ree  tirnes more than t h a t .  The f r o s t - f r e e  per iod l a s t s  
143-150 days; t h i s  permits t h e  maturing here  of many ce rea l s ,  legumes, 
vegstables  and f r u i t s .  L'nfavornble f o r  a g r i c u l t u r e  i s  the  f a c t  t h a t  the 
p r e c i p i t a t i o n  f a l l s  p r i n c i g a l l y  from :.hy through Jepteinber inclus ive  
and t h e  f i r s t  months of spr ing a re  r a i n l e s s ;  the re fore  ~ e r i c u l t u r e  i s  
poss ible  only wi th  i r r i g a t i o n  (t!Ie more so s ince  winter ,  a s  a ru le ,  is 
snowless). 

The dzichu River c ~ r r i e s  almost a s  .much as  the  T s a n g ? ~  a t  t h e i r  
point  of confluence. :?idely flooding,  i n  a number of ? laces  it breaks 
down i n t o  a number of branches and f i rs t  washes t h e  low sandy or swampy 
shores,  then i s l ands  or  t e r r n c e s  wi th  s r n i n  f i e l d s  and gardens, then the 
g ran i te  c l i l ' f s .  I n  t h e  l o w ~ s t  p a r t  the  width of t h e  LJzichu va l l ey  i s  
4.5 k i lometers  wida. idere predoninate d e s e r t - l i k e  sandy a l l u v i a l  plains 
which reach up t o  t h e  f o o t  of the  rock banks along whose c l i f f s  and 
crevices  the  sand, t r a : ~ s p ~ r t - c i  bj; the wind, i s  c a r r i e d  t o  a height  of u_u 
t o  603 n e t e r s .  The lower p a r t s  7f t h e  rocky shores,  strewn with sand, 
a re  overgrown with heather  and mytnik; i n  many places ,  however, grani te  
3 u  tcrops protrude from beneath t'ne sandy s u r f  ace. 

Further upst rean the  Uzichu l o s e s  i t s  d e s e r t  a29zarance and thanlcs 
t 3  the  t r ees ,  groves and c u l t i v a t e d  f i e l d s  enl ivening it, it takes  on a 
picturesqueness whic:~ i s  occasional ly  i n t e n s i f i e d  by rocky canyons and 
precipices. The farmers1 f i e l d s ,  ho-jvevar, form only a narrow zone bounded 
by a zone of sandy p l a i n s  reacliing t o  t h e  rock s lopes  of t h e  val ley.  

&fore  re3ching the  Tibetan c a p i t a l  t h e  v a l l e y  widens out  t o  10 
kilometers.  Alonf; the banks of tne  r i v e r  t h e r e  a r e  con t inua l  f i e l d s ,  
grovas end vroods. 3ut here  a l s o  t h e  sands a r e  succe;sful  i n  t h e i r  
b o t t l e  aga ins t  vegeta t ion,  t h e  c u l t i v a t e d  zone i s  narrow nnd i s  saon 
replaced by s t e r i l e  sands. 

A t  Lhasa i t s e l f  " t i e  edges of the  v a l l e y  dar ing ly  r i s e ,  forming 
crclggj ninuntain $, l ints,  t 'neir o u t l i n e s  reminding one 3f the  f a n t a s t i c  
sketches of dore.. ." -- m i t e s  .-;addell. (Lhasa and i t s  3 e c r e t s  
[Lkinsn i eye tnjayl], St .  :atersburg, 1936, pa;,e 219.) dn t h e  hign and 
s t e e ~  c l i f f s  a re  located monasteries,  and everywhere i n  the  v a l l e y  there 
are  .nasces of _ reen beyond whose boundories r i s e  l i l a c - c o l o r e d  mountains 
and craLgy capes, merging f u r t h e r  on wi th  high,  e te rna l13  srow-clnd mun- 
t a i n s .  Elm,  bircl l ,  a lde r ,  l,cillow, ~ n d  walnut make up t h e  groves snd 



woods thnt  cover t h e  bottorn of  t h e  v ~ l l e j -  nnd t h e  s lopes  ul' t h e  h i l l s .  
Together with tne.11 the  landscepe i s  b e a u t i f i e d  by o r c h ~ r d s  of a p r i c o t ,  
cherry, pear, apple and o t h e r  f r u i t  t r e e s .  Cnreful ly  c u l t i v a t e d  f ie lc is ,  
intersected wi th  i r r i g s t i o n  cana l s ,  &ire ZXL-L wit11 oa t s ,  bar ley ,  peas, 
wheat, r i c e   an^ gardens of  17rge t u r n i g - l i k e  rqdis!ios o r  ;:otntoes. The 
regetation i s  r i c h  snd vsilS. I l m l x ~ g  .the nl:,nerr3us r i v u l e t s  one can smel l  
the odor 3f' poten t i l lo .  and one can see  t h e  l u s t e r  of t h e  b r i g ' l t l y  
calored blue d a i s i e s ,  crilncoli 3 r . ~ n ,  orowfool;, primroses and iijracinth. 
3n the sw~mpy a e c t o r s ,  hovxever, t h e r e  apposr  reeds,  rushes,  b r i g h t  an~ri- 
golds, nytnik ,  rose  colored -!rater l i l i e s ,  .<rstr;rcrens nnd for!;et-me-nots. 
.2nd only- the sends a c i j o i n i ~ ~ g  h3ve a scsntJr  v e g e t s t i ~ n  or  drq-, tough c;ra;s 
and rose and yellow pi:n?inella.  Zince t h i s  i s  l ~ e  inost densely- po2ulzted 
part of Tibet ,  the r e p r e s e n t n t i v e s  of w i l d l i r e  s r e  not  numerous, more 
frequently than o t h e r s  one w i l l  encounter p ika  ('Jgotona :<urzoni) and 
rabbits;  from time t o  t ime g a z e l l e s  a r e  seen. 

TO the teast of t ne  meridian or  Lhasa t h e  na tu re  of the  Tsangpo 
valley changes s t i l l  more notably:  t o  t h e  nor th  and t g  t h e  south a re  
seen ever h igher  m ~ u n t a i n  chains  and penks, t h e  va l l eys  a r e  i n c i s e d  more 
deeply and t h e  v e l o c i t y  of tile c u r r e n t s  increrlses.  iiere one no tes  a  
t r a n s i t i o n  t o  t h e  sou thess te rn  p a r t  of t h e  Tibetan highland vcith i t s  
c l ea r ly  expressed f e a t u r e s  of a mountain-alpine oountry. I t  has g r e a t  
va r i a t ions  i n  l o c ~ l  r e l i e f ,  deep canyons and gorges i n  which raging 
mountain c u r r e n t s  foam and roa r ,  tremendous mountain ranges, t h e  s lopes  
of which a r e  f i r s t  rocky and t h e n  &re  covered wi th  f o r e s t s ,  f a r t h e r  up 
Passing i n t o  succulent  a lp ine  meadows. 

The v a l l e y  of the  Tsangpa beco:ues especia l11 b e a u t i f u l  t o  tho e a s t  
of Samye. This i s  the  i~,qrt of T ibe t  t h a t  i s  r i c h e s t  i n  n e t u r a l  resources,  
Co~npeting i n  beauty wi th  the  lan5scepe of Kashmir. 'he s lopes  of the  
mountains f  rarning t h e  Tsangpo a r~d  the  deep cool canyons a r e  'overgrown 
with a b e a u t i f u l  conirerous  f0 res . t .  (The average he igh t  of the  conif -  
erous  t r e e s  i s  about 30 meters arid ind iv idua l  t r e e s  i n  the  Bomi region 
a t t a i r i  62 meters  i n  h e i g h t  with s. diameter of 1.5 meters.)  In  the  upen 
v ~ l l e y s  the re  a r e  orchards of' a p r i c o t ,  walnut and pear t r e e s .  The a lp ine  
aeadows 02 t h i s  p ? r t  of Tibet ,  e s p e c i ~ . l 1 2  t h e  d i s t r i c t  of T o k p ~ ,  w e  d i s -  
t inguished by succulence and abundance of foduer,  the re fo re  t h e  l o c a l  
i n h a b i t a n t s  have a  g r e a t  many domestic animals, yaks being t h e  lnost 
numerous, t h e r e  being nore here than  i n  any o t h e r  Tibetan d i s t r i c t .  

Fa r the r  t o  t h e  a a s t  the  vegeta t ion becomes s t i l l  r i c h e r .  I n  
Xongbo (beyond t h e  boundaries of Tibet  proper)  w e  encountered dense 
bs~nboo t h i c k e t s .  Apricots grow i n  such l a rge  numbers t h n t  they nre used 
t o  f eed  swine. 



After  t h e  T s a n g p ~  leaves  tilo boundrlries of 'Tibet i t s  ~ 5 t h  is blocked 
by t h e  northensterr!  end of the  d r e - t  l l i inn la~a  Xange. Ths r i v e r  heads lo 
the  nor theast ,  it ranches a l a rge  !)asin and tu rn ing  t-, ttle south, it 
forms a s e r i e s  of rapids  mid x a t e r f a l l s ,  f a l l i n g  f o r  a dis tanco of 39 
~ne te r s .  Then it disapgeers i n t a  a deep narrow cnnyan with a length 
as  inuch as 150 ki lomster .~ ,  i ' ro l~  :-dlich it leaves  under t h e  name Liknanba, 
Beyond the w e t e r f a l l s  the  c l i m ~ t e  of the  val ley becomes subtropical .  
"ownstrean it i s  poss ible  t s  &raw cot tan,  tun& and a t h e r  subtropical  
crops. rhe mountair1 s lopes  are covered wittl dense f i r  f o r e s t s  i n  ~ h i c h  
the p i n t e d  Pinus l o n g i f o l i a  predominates. r'or w i l d l i f e ,  such ir i ld nni- 
.rials as  t h e  t i g c r ,  mitang jgos i ' ronta les)  m d  t h e  s q u i r r e l  a r e  charec- 
t e r i s t i c .  S i l k  worms a r e  grown 9.nd have ~ r e - . t  econ-~mic importance. 

To the  south of Lakes Eiakes ~ n d  ~ ~ 1 n a s a r 3 w a r  i s  s i t u a t e d  t h e  val ley 
of the  Karnali  River, a p a r t  3f tile Gangis dnsin.  Tne val ley 3f the 
Karnali i n  i t s  n n t u r a l  condi t ions  i s  very s i m i l a r  t o  t h e  c e n t r n l  sub- 
region. The l a r n a l i  has i t s  source on the  nor theas te rn  s lopes  of the  
Zaskar Range and it tnen  flows t o  t h e  southeast .  I ts  cur ren t  i s  placid 
t o  t h e  2o in t  -where it breaks through the  Great d i m ~ l a y a  Range, but n t  the 
point  where t h e  r i v e r  breaks through t h e  main range it forms a deep can- 
yon with a cascade of raging -::i;rsterfalls. Leaving Tibet ,  t h e  Karnali  
passes through a rernsrkebla cnnyon along one s i d e  of which ;kit. Gurla- 
'Landahata r i s e s  t o  p a  e leva t ion  of 7,723 m t e r s  above sea l e v e l .  Sn the 
o ther  s i d e  r i s e  peaks of 6,730-7,330 meters abso lu te  e leva t ion .  

The v a l l e y  of t h e  Karnali  i s  R r e l a t i v e l y  densely  populated region 
of Tibet  i n  r f ~ i c h  a g r i c u l t u r e  ( t h e  c u l t i v a t i o r ,  of whe.ct and b a r l e j  ) ma 
l i v e s t o c k  r a i s i n g  has developed. Important and convenient t r ~ u e  routes 
f r o n  'Tibet i n t o  i,:esal psss  througn t h i s  va l l ey .  

This subregion occupies tne  s ~ u t h : r e s t e r n  p a r t  of Tibet .  The south- 
7.xstern boundary of t h i s  subregion pacses along t h e  Zaskar Xange, the 
e a s t e r n  boundnry i n t e r s e c t s  the  headwaters of t h e  S u t l e  j, and t h e  north- 
e a s t e r n  boundary passes along the southtvestern s lope  of t h e  Ladak Xange. 
.I l a r g e  p a r t  of t h i s  subregion, l o c s t e d  between t h e  Ladak and Zaskar 
aanges, i n  t h e  recen t  geological  p a s t  formed a broad l ake  bas in .  (These 
rangos f o m  p a r t  of the  Centra l  ~ i imalays  which frames t h e  Tibetan high- 
land i n  the  form of g i g a n t i c  southward fac ing  monoclinal r idges  [ they 
a r e  es-arpments according t o  ~ a d i a ] . )  4 t  tine p resen t  time it has  the 
appearance of an upland p l a i n  t h a t  i s  s t r o n g l y  d i s s e c t e d  by t h e  S u t l e j  
and i t s  t r i b u t a r i e s ,  t h i s  p l a i n  having been u p l i f t e d  t o  an e leva t ion  of 
4,503 meters. I t s  surface i s  made up of a l t e r n a t i n g  l a y e r s  of gravel, 
coarse pebbles and c lay,  s i t u a t e d  p c r a l l e l  t o  one another and almost 
hor izon ta l ly .  This former l ake  bas in  is ,  thus,  an example of a broad 
iiimalayan intermontane rock val ley,  f i l l e d  with alluvium. 



Among tne  landscapes of t h e  subregion t h e  S u t l e j  R i v e r  and i t s  
valley are  d i s t i n c t i v e .  ' h e  r i v e r  r i s e s  n e a r  Lake Rakas, flows through 
the steppe p l a i n s  around t h e  l ake  and then  c u t s  through the  Ladak Range. 
Forty Lilomaters from the  source t h e  r i v e r  receives  t r i b u t a r i e s  which 
have cut  thraugh t h e  range i n  R d i r e c t i o n  opposi te  t o  t h e  flow of t h e  
nain r iver .  This evident&$ g ives  evidence of recen t  t e c t o n i c  d i s loca-  
tiona t h a t  have changed t h e  hydrogre-phy of t h i s  region.  Later  the  r i v e r  
comes out onto t h e  broad l ake  p l a i n  of the  Nbari-'dorsum. Leaving the  
plain, the  S u t l e j  n e a r  Shipki c u t s  through t h e  8askar Zange and changes 
i t s  d i rec t ion  of f low from northwest t o  southwest. The r i v e r  oenyon has 
a lengtn of 7 lcilometers from t h e  Leo Pardzhal massif ,  t h e  height  of 
d o s e  peaks i s  6,791 meters. The r i v e r  i s  loca ted  a t  an e leva t ion  of 
3,050 meters; t h e  d i f f e r e n c e  of 3,711 meters between t h e  e leva t ion  of the  
Sutlej and t h e  top  of t h e  peak i s  so magnificent and t h e  c o n t r a s t s  between 
the mountain masses and t h e  deep narrow canyon with t h e  raging and 
foaming r i v e r  a r e  so  c l e a r  t h a t  they  s tagger  the  imagination. 

A s t r i k i n g  p i c t u r e ,  not  comparable i n  s i n g u l a r i t y  of landscape 
with o ther  p a r t s  of Tibet ,  i s  formed by the  bas in  of t h e  S u t l e j  where 
the r i v e r  c u t s  through t h e  former lake p la in .  The c ross  seot ion of t h i s  
plain, bounded by t h e  Z?skar  and the  Lndak Ranges, has  the  form of a  
curve formed by a  t i g h t l y  s t r e t c h e d  cable bu t  drooping somewhat i n  t h e  
middle. I t s  su r face  i s  cu t  by a  l abyr in th  of deep va l l eys ,  s imi la r  t o  
abysses, washed by t h e  S u t l e j  and i t s  t r i b u t a r i e s  i n  unconsolidated 
s t r a t a  of l ake  deposi ts .  The S u t l e j  i t s e l f  dug a  co lossa l  canyon, 
almost a s  b i g  as  t h e  famed Colorado canyon, having, so maddell t e l l s  US, 

a  depth up t o  2,030 f e e t ,  t h a t  i s ,  more than 600 meters. The va l l eys  
of the  S u t l e j  t r i b u t a r i e s  a re  i n c i s e d  only a  l i t t l e  l e s s .  Thus t h e  
depth of t h e  canyon of t h e  Yungu-Tsangso a t t a i n s  up t o  375 meters. 

In r e l i e f  f en tu res  t h e r e  i s  a  predominance of v e r t i c a l  and s teep ly  
inc l ined  l i n e s  and only r a r e l y  can one see gent le  slopes.  S. 1Icdi.n com- 
pares such a reas  excavated i n t o  deup va l l eys  and oanyons wi th  g igan t ic  
Gothic ca thedra l s  turned upside down. I n  these  plaoes on t h e  s teep 
s lopes  of these  va l l eys  and oanyons where the re  a r e  exposed varioolored 
l ayers  of sand and gravel c u t  by rlumerous v e r t i c a l  -vashes, nature  hns 
croated an o r i g i n a l  striped-checked p a t t e r n ,  colored i n  red and yellow 
hues. 

For a l l  t h i s  s e c t o r  of t h e  S u t l e j  k s i n  the ro  a re  a l s o  charac te r i s -  
t i c  forms of r e l i e f  t h a t  a re  t y p i c a l  f o r  high in te r io r -con t inen ta l  
d e s e r t s  -- i s o l a t e d  masses of standing rock, high towers and huge 
columns, and an endless  nunber 02 canyons t h a t  resemble craclcs i n  the  
e a r t h ' s  c r u s t ;  here  and t h e r e  a re  blocks of f a l l e n  stone which cover the  
bottom o f  t h e  gorge o r  canyon with rubble. A l l  t h i s  c r e a t e s  t h e  p i c t u r e  
of an enormous and f a n t a s t i c  dead c i t y .  



On leaving the  r i v e r  va l l eys  and canyons an assenib1al;e of h i l l s  on 
t h e  surface of t n e  intermontane p l a i n  meets the  eye. Beyond than one 
can see on t h e  horizon t h e  f l a t  o r  cupola-ahnped peaks of t h e  Ladak 
and Znskar w i t h  s20ts  of snow. 

The yellow-brown surface  of t h e  h i l l y  i n t a r f l u v e s  and t h e  val leys  
of t h e  Mgari-Korswn a re  i n  l a rge  p a r t  s t e r i l e ,  eSpec ia l ly  i n  t h e  eas tern  
p a r t ;  only i n  t h e  upper p a r t s  of' the v a l l e y s  do bushes m d  a soanty 
grass  cover appear, and someti~nes meadow a s  well .  I n  t h e  western p a r t  of 
the  bas in  the  vegeta t ion becomes more abundant and more var ied.  ,It 
.rolingmata ( ~ o t l i n )  t h e r e  a r e  t h i c k e t s  of willow and poplar,  and ~t 
Shipki one even f i n d s  a p r i c o t .  

I n  many places i n  the  basin,  prir icipallq i n  t h e  west, t h e r e  a re  
many s a c t o r s  of a l l u v i ~ l  s o i l s  t h ~ t  a r e  p lan ted  i ; ~  bar leq .  

Often t h e  f i e l d s  a r e  s i t u a t e d  on t e r r a c e s ,  one above t h e  other .  
Such a method permits an increase  i n  t h e  a r e a  under c u l t i v ~ t i o n  by using 
the  mountain s lopes  and, i n  addi t ion,  makes e a s i e r  t h e  i r r i g a t i o n  of the 
f i e l d s  -- without ~ i c h  a g r i c u l t u r e  he re  i s  impossible.  

The vallej ,  of' t h e  Sut le  j i s  populated r a t h e r  heav i ly  i n  oompsrison 
with elsewhere. Some v i l l a ~ e s ,  such as  Toling:nsta, s t and  n t  an  elevation 
of 300 meters above t h e  r i v e r  on a sandstone or  l o e s s  p l a t e a u  with ver- 
t i c a l  wa l l s  i n t o  whioh t h e  dwellings of t h e  looa l  i n h a b i t e n t s  have been 
dug. 

SO(ITkE3iJ SLOPS 3F T& ilIE;L&'-Ya ( - 2 ~ 1  m) 

Tne southern slope of the  liimalaqa i n  small  2 a r t  forms p a r t  of 
Tibet  and frorn the c r e s t  of t h e  raain range t o  the  f o o t  of t h e  mountains 
it belongs t o  Tibet  only i n  the  e e s t ,  i n  t h e  a r e a  of Xon-yul. To t h e  
west of iion-yul, however, only s n a l l  s e c t o r s  of t h e  southern slope of 
the  rlimalaya, occupied by t h e  h e a d m t e r s  of t h e  T r i s u l i  ~ n d  Torsa 
Rivers (Chumbi va l l ey)  belong t o  Tibet .  

Ine region of L:entyuy i s  i n t e r e s t i n g  as a c l a s s i c a l  place where i n  
a small a rea  one can observe mountain type condi t ions  i n  a l l  t h e i r  sur- 
p r i s in ;  va r ie ty  and r ichness  -- from the  t r o p i c a l  f o r e s t s  a t  the  f o o t  
of t h e  mountains t o  t h e  cold,  i c y  d e s e r t s  on t h e i r  pezks. 'Yhc -3n-yul 
i i s p l a y s  the  most complete combination of f e s t u r e s  typ ic31  of our 
physical-;eo&raphic region. 

Ih2 width of tile i l ir~~alaynn slope i n  :,:on-yul i s  a l i t t l e  l e s s  than 
100 kilometers.  i ieights from 5,239 meters on the  c r e s t  of t h e  main 
range drop down t o  203 rneters st t h e  f o o t  or" t h e  mountains on tine Jindus- 
t a n  lowland. 3csp i t e  t h e  r e l a t i v e  s teepness  of t h i s  s lope,  t h e r e  i s  



pHer red  here the s t e , ~ - l i k s  drop t h a t  is  c h a r a c t e r i s t i c  of t h e  ~ l i m a l q - a  
i n  ihe for111 o r  two o r  t h r e e  p a r n l l e l  ranges dropping d3w11 t o  the  dindus- 
tan lowland, t h e  s o c a l l e d  ~ u a r o - N -  aange which on t h e  e ~ s t  extends t o  the  
Dikhang canyon. 

The southern   lope of .the iiimalayn i s  considorab1;y more broken than 
the northern, and i s  deep12 d i s sec ted  by V-shaped ~ r s l l e y s  and canyons. 
Tne longi tudinal  p r o f i l e  of t h e  v ~ i l l e y s  i c  s teep,  bu t  due t o  t h e  l a rge  
amount of water c a r r i e d  it i s  q u i t e  graded; t h i s  ex2 la ins  tilo small  
number of - v a t e r f a l l s  encountorcd e l m c  t h e  va l l eys .  Tile w a t e r f a l l s  
o s s i b l y  appearzd a t  a 1z.tkr ti.ne dur: t o  the most recent  u i ~ l i f t s .  
Inc i l i e~~ta l ly ,  t h e  l?+.es t  t e c t o n i c  i ~ r o c e s s e s  have given r i s e  i n  the  Dunrow 
Sange t o  so-cal led  " h ~ g i n g - v ~ l l e y s , ' f  sometimes elevclted hundreds of 
meters above t h e  beds of the  ; jr l i lcipal  streqms. (The name 2f the  noun- 
tain range i s  a ssoc ia ted  m i t l i  -the vord "dunry," which mems "doors t o  
the  x~iountains. " it was these  ii.ringing v a l l e y s  t h a t  resul-Led i n  such a 
na?le being given t o  t h e  mountains, f o r  tbey seem t o  open the  way i n t o  
the mountains. Besides t h e  e ros iann l  r i v e r  v? l l eys ,  usual ly  wi th  a 
north-soutn o r i e n t a t i o n ,  t h e r e  Rre a l s o  tactoi-lic e~ . s t -wes t  va l l eys  
s i tueted between tlie iruarolv ranges i n  tric . .on-yul . 

.Is i s  l'sell knol;m, .the Great hi;naln;l.a Xange serves  a s  a c l imat ic  
divid- between tne  region of t r o p i c a l  nonsson c l i a n t e  i n  Ind ia  and the  
regioc of sharp ly  con t inen ta l  daser t -s tegpe c l imate  i n  Centra l  Asia. 
The Lion-yul i s  s i t u a t e d  i n  tine zone c ~ f  aonsoon climate,  where, i n  the  
course of f i v e  or  s i x  sunner nonths the re  i s  r a i n ,  and i n  the  ?:rinterti:ne, 
frmn uecernber through Apr i l  inc lus ive ,  a1:nost no p r e c i ~ i t n t i o n  f a l l s .  
The amount of p r e o i p i t 9 t i o n  rencilos nore than 1,603 rnillirileters ( A .  2 ' .  

Snosarev). iiains occur da i ly .  'I'ownrd .;liciday tiie previously c lenr  and 
open sky i s  covered wi th  tiluniierolouds nnd s t rong downpours f a l l ,  ncoom- 
panied by h a i l .  l k e  coo les t  season of the year i s  i n  January and Febru- 
ary;  i n  these  months the  temperature i n  t h e  va l l eys  drops belol-r 15" n.nd 
a t  g ren t  e l e v s t i o n s ,  even below go. The hiehes t  te:nperntures a r e  observed 
i n  t h e  second h a l f  of tho dry period, - that  i s ,  i n  !Larch, April  m d  Xay; 
a t  t h i s  time i n  t h e  va l l eys  of tile f o o t h i l l s  it becomes h o t  and s t i f l i n g  
and t h e  vegeta t ion d r i e s  ou t  L'rorn lac!c o r  moisture.  

'Tho area 2 f  :ion-yul i s  ndt g r a n t ,  b u t  t h i s  ynr t  of Tibet  i s  d i s -  
t f n ~ u i s h c d  by the  g r e ~ t e s t  v...riety of n a t u r a l  cortditions, caused by Lhe 
orography of the nrea t h e  v e r t i c a l  eonal i ty-  ~ s s o c i a t e d  with it. 
~ ) i f f e r e n ' t  fro::i the  Tibetnn slopes,  the  southern s lopes  of bhe dimalaya 
P r m  t h e  f o o t  t o  the sno:vs themselves, a re  covered wi th  n dense a d  
var ied vegatation: f a r t h e s t  dam,  t r o p i c a l  and sbutro3ica1,  higher up 
-- temperate cl imate vegeta t ion and s t i l l  higher -- vegeta t ion of the 
cold high mountains. Up t o  ai e leva t ion  o f  1,900 meters a t r o p i c n l  
f o r e s t  ( jung le )  grows cn the s lopes  of the  mountains and t h e i r  f o o t h i l l s .  
13elow, i n  a swampy zone ( i n  tile so-called t e r s y )  and on t h e  f o o t h i l l s ,  



t i e  t r o p i c n l  f o r e s t  c o ~ l s i s  Ls 01' i'an pfllms, & a n t i c  f i ~ ,  Inmgd, gigan t i c  
banboo, banana, sa ln ,  t h e  sosgbnrk tree., the  horse cheqtnut,  t i e  laurel 
t r e e  and magnolias whose trunks a r e  t h i c k l y  in te r twined  ,with 1 iulas, 
In tno  underbrush bushes and b r s sses  ~2 t:, 4-5 ,nc ters  t a l l  2redo,ninate, 
forrnillg a thiclcet  which i s  d i l : ' i cu l t  t : $@SS through. Sensll lakes  arid 
swmn~s a r e  a l s 3  frnined by tiiicl:?ts ~f t q l l ,  t h i c k  g rass .  

'file h igher  i n  t l e  mountcins, t : ~ c  lore s u b t r o p i c a l  bec~,noo t~1. j  

a,peornnce of tkc  f o r e s t .  'verbreen oaks ap2cnr ( ~ u a r c u s  lanatm, 2 .  
d i l e t r t t a ) ,  t r ler~ b i r c h ,  maple, m3 i n  t r ~  ,r?ss cover -- v i o l e t s  m d  
geraniums. A t  an e l e v a t i o n  o r  nb3u-L 1,203 neters  tllo high-trunked palms 
a re  fewer but  the  number of l i a n s s  inc reases .  h e r e  a r e  many b i a n t  barn- 
boo p l a n t s  and orange and lemon t r e e s .  There a r e  wi ld  bananas which 
p re fe r  moist  and s h ~ d y  ? laces ,  and ~ a n d ~ n u s ,  seeking ou t  the b r i g h t  
o u t s k i r t s  of t h e  f o r e s t .  

I n  tne  t r o p i c a l  zone, according t o  ilooker, 0118 can f i n d  18 kinds of 
pal~n,  20 kinds of bamboo, mauy kinds of f e r n s ,  e tc . ,  i n  a l l ,  €50 kinds 
of t r e e s  and bushes. 'Tropical p l a n t s  go up t o  an elevation of a l i t t l e  
more than  2,330 meters.  .kt a l e v e l  of 2 ,253  meters t h e  t r o p i c a l  and 
sub t rop ica l  f o r e s t s  begin t o  be replaced by f o r e s t s  of tine tomperate 
zone i n  h i c h  two subzones a r e  d i s t ingu i shed :  the lower -- l a rch ,  and 
the  upper -- c o n i f ~ . r o u s  and rhododendrum. I n  the  f i r s t ,  up t o  3,330 
meters,  a mois t  f o r s s t  wi th  oak, magnolia, cwnphor and maple dsnlinates. 
Above 3,000 ineters t n e  f o r e s t s  c o n s i s t  p r i n c i p a l l y  of s i l v e r  f i r  ( ~ b i e s  
'.Vebbisna), spruce, l a rch ,  juniper ,  dense t h i c k e t s  of bmboo and a l s o  
bi rches ,  m p l e  and bush-type rhododendrum and d o ~ r o s e .  Besides the  
species  onumera ted, species  found i n  t h i s  zone include walnut,  apple, 
cherry  and b i r d  cher ry  t r e a s .  

Froni 3,700 t o  4,839-5,339 meters and above t h e r e  is  an a lp ine  zone 
having about 380 kinds of f lower ing p l a n t s .  I n  t h e  lower zone a re  s t i l l  
encountered dwarf b i rches  and rhododandrums; i n  t h e  upper zone, however, 
they d i s a p p e ~ r  and t h e  realm of g rasses  and f lowers  begins :  primrose 
( ~ r i m u l a  sikkimensis and o t h e r s ) ,  b lue  goppy, gent ian ,  g r a s s e s  l i k e  
l e s t u c a  dur iuscula ,  meadow Grasses ( ~ o a  t r i v i a l i s )  wi th  a coarse  stem 
and reed  brasses  ( ~ s r e x  h L ~ o r c r o f t i i )  of tykes  q u i t e  ~ r d i n a r y  f o r  Tibet .  
S t i l l  h igher  begins t h e  l i f e l e s s  zone. 

The vfar4n and moist  cl imate of the Pon-yul perrnits t h e  graving sf 
the  .nost va r i ed  crops.  I n  the  f o o t h i l l  a r e a s  i n  t h e  t e r a y  zone r i c e  i s  
grown and i n  the  d r i e r  zones, wheat, corn and a l s o  bor lay .  I-t should be 
mentioned, ho-:;ever, t h a t  as 3 r e s u l t  ~f t h e  s t e e p e s s  ~f tile ~ n o u n t ~ i n  
s lopes  and t h e  aeepness and narrolvrless of tile r i v e r  v a l l e 2 s  t h e r e  a r e  
few s e c t o r s  i n  the Lon-yul t h a t  a r e  s u i t a b l e  f o r  a g r i c u l t u r e .  



The fauna ol' tile lenlyuy rogion,  the  :,n.!le a s  tlie vege t s t ion ,  i s  
~is t inguished by g r e a t  v s r i o t f .  311 h e i ~ h t s  of ,!corse than 2,090 meters,  
there l ive  forms i n  co:nrnon :vith '7ortnern and Southern T iaa t :  x i1J  
(uouniain shl ep o l d  g o ~ t s ,  a n t e l , ~ p e ,  sno:.r l sopards ,  .!iounl.qi~i wolves, the  
olack r ~ n l i y m  ~ d . 1 1 .  ( ~ a l s r i n r c  t ~ s  t ib - lnnus )  ~ n d  rolients;  b i r d s  include 
tne turkey and tile s n x r  vu l tu re .  111 tile lon.er zone, however, the  f'auna 
is relate? t o  t h a t  of I n l i a :  he re  Ire c m  t tncount.?r :nonkeys ( t h i n  bodied 
Zyi3s and nacecos) , beqrs, >an the rs ,  t i g e r s ,  wi ld  borrrs, buff  a10 and 
deer. Among t n e  b i r d s  we can f i a d  p a r r o t s ,  pheasant, wi ld  chickens and 
peacocks. 

Entering w i t h i n  t h e  boundaries a f  ..enlyuy, the  Cnumbi v a l l e y  ( i n  
the headwaters of t h e  Torsa J.i:rer), - s i tuated t o  t h e  west of  t h e  ilon-yul, 
i s  s i tua ted  a t  an elevat ior l  of 2,903 rrleters ~ b o v e  sea  l e v e l ,  t h a t  i s ,  
really i n  the  temperate zone. The v n l l e y  of t h e  Chumbi i s  famed f o r  the  
picturesqueness of i t s  l ~ n d s c a p e s  m d  t h e  heal thy mountain c l imate ,  which 
i s  responsible f o r  t h e  ex i s t ence  here of a & r e s t  n m b e r  of s a n a t o r i a  and 
the v i l l a s  of r i c h  townspeople. I t s  landscapes combine the  beauty of the  
alpine views wi th  t h e  incorngarable asgnificence of t h e  -1imalaya. rha 
rockg rnourltain s lopes  of t h e  v a l l e y  a r e  overgrown by bushes of wi ld  rose  
and red c u r r a n t ,  and above -- with  i n e  f o r e s t  above whose dark green 
slope r i s e s  t h e  jag;;ed pea!cs of mountain g i a n t s  covered wi th  e t e r n a l  
snows and i c e .  ~ ) g w n  i n  the  v a l l e y  along t h e  roclcy bed between inesdows of 
primrose, anemone, s o r r e l ,  celandine and wild s t r awber r i e s  runs  t h e  
source of t h e  Torsa ' l iver,  r i s i n g  high i n  the  mountain snows. 

Pn trle ~lounta ins  and f o r e s k s  of tile Chumbi v a l l e j  nre  encouritzred 
kukuymany, g a z e l l e s ,  musk Geer, s i l v e r  foxes,  snow leopards,  long- 
hai red  r a b b i t s  and, among t h e  b i rds ,  snow doves, pheasants, l a r k s  and 
sparrovs.  

The Zhunbi v a l l e y  i s  one of t h e  densely s e t t l e d  regions of Tibet .  
Aerz a r e  s i t u a t e d  such c i t i e s  as  Yctur~g and l ~ r o .  Thesc IIRVR g r e ~ t  
s ign i f i cancc  f o r  t h e  r e l a t i o n s  .sf T ibe t  wi th  Ind ia  and a vrhole s o r i e s  of 
v i l l a g e s  i s  locntcd e i t h e r  c lose  t o  the r i v e r  o r  on t h e  m.suntain slopes.  
The ;>opulation i s  e~nployed i n  t h e  r a i s i n g  o f  c a t t l e  and w i t h  agr icu l -  
t u r e ,  growing wheat, bar ley ,  pota toes  and t u r n i p s  i n  t h e  f i e l d s .  

3n tine southern s lope of the  I~imalnya vsitr'in t h e  boundaries of  t h e  
kenlyuy region, i s  a l s o  locnted t h e  v a l l e y  of t h e  upper course ~f the  
T r i s u l i  River. . ieinrich Harrer,  an . lus t r ian ,  g ives  some i n f ~ r m s t i o n  
about it. Re i s  the  only European, he w r i t e s ,  who hss v i s i t e d  t h i s  
l o c a l e .  1Jaar t h e  c i t y  of D z n i r ~ n g  (Xirongj the  c levn t ion  of  t i e  v a l l e y  
i s  2,770 meters. Along both s ides  of it r i s e  up the  very h ighes t  peaks 
of the  r ive r -d i s sec ted  Graat ~iiinalaya linnge, among ivilich s tands  ~ u t  
- , i t .  i;ozaintan -- R,220 meters. The north-south o r i e n t a t i o n  of t h e  v a l l e y  



makes e a s i e r  the  pene t ra t ion  of ;yarn and moist a i r   asses i n t o  i t s  
nor thern p a r t .  Therefore the J a n u a r j  t e ~ p e r a t u r e  a t  Dzhirong i s  a  
l i t t l e  below 0°, and wi th  a  rniniiilum of -10'. 

C ~ n i f e r o u s  f o r e s t s  .row i n  .Lhe mou~ltains t h a t  a r e  t y p i c a l  of ulis 
zone of t h e  ,li:nalaga. . I b ~ v e  t ie f o r ~ s t s  the re  a r e  a lp ine  ne~dows  in the 
lnidst of sn.xv f i e l d s .  At tilo c i t j  sf iz i~onke,  A. Liorr-er noted lrlrgs 
f i e l d s .  5olm tile valle2 they ;~ec?~ne broader and ~ r c h ~ r d s  ln~Le t h e i r  
a;lpearance. I n  these  orchards the re  arc: represented allnost a l l  kinds 
of f r u i t  t r e e s  and even banboo grows i n  t h e  lo?ver p n r t  of t h e  val ley.  
In speaking about t h e  fautla, :larror ~ f i e l ~ t i o n s  t h e  panther and monkey as 
being encountered i n  t h e  mountains surrounding uzhironl;; he a l s o  nentions 
wi ld  bees whose honey i s  c o l l e c t e d  by t h e  l o c a l  inhab i tan t s .  This, 
apparently,  i s  tne  only place uhare t : le  i n h ~ b i t a n t s  erik;age i n  such an 
occupation; no o  thar t r a v j l e r  makes any inention about t h e  c o l l e c t i o n  of 
honey elsewhere i l l  Tibat .  

The physical-geographic c h ~ r n c t e r i s t i c s  of Tibet  c m  be s1un2ed up 
i n  t n e  f o l l m i n g  -:lay.. 

1. The stud3 ~f n a t u r ~ l  c o n d i t i ~ n s  i n  T ibe t  i s  of  great indepcn- 
dent i n t e r e s t .  T ibe t  occupias on12 p a r t  JP t h e  Tibetan ~ i igh land ,  but 
i t s  t e r r i t o r y  i s  d i s t ingu i shod  by e x t r e ~ l e l y  s ingu la r  n a t u r a l  f ea tu res ,  
noivl~ere appearing so c l e ~ r l s  and on such a s c a l e  a s  on t h i s  highland. 

2 .  Tibet  i s  s i t u a t e d  on tho world 's  h ighes t  and broadest  highland, 
i n  i t s  most e leva ted  western 2 a r t  having an absolu-te e l e v a t i o n  of about 
5,,300 meters. -4 l a rge  p a r t  of .the a r e a  of Tibet ,  s i t u a t e d  t o  the  north 
or' t h e  'Pranshimalaya ws.tershad, has no d r~? inage  t::, the  ocean. This 
exorc i ses  a  very s t r ~ n g  ini'luence on t h e  course of sxoLenous processes, 
an -the formatisn of r e l i e f ,  t h e  hydrogrsp;~ic  systenl, nnd a l s o  on other 
com~onents of t h e  landscape. 

3. The p r i n c i p a l  f a s t u r e s  of' tile t ec to l i i c s  and r e l i e f  of Tibet  -- 
the  block s t r u c t u r e ,  t h e  orj .ente t ion of mountain ranges, the  extrecnely 
g r e l t  absolute  e l e v ~ t i o n s ,  e t c .  -- were astsb1is;:ed i n  the  course ~f 
a lp ine  o r o ~ a n e s i s ,  or ,  i f  you a r e  r e f e r r i n g  t o  t h e  Xarak~rum and tlle 
Kunlun, it i s  neotectoilic, elevatir ig these  u.ncient mountains t o  g r e a t  
e leva t ions .  . ~ : i t n  movei~ents, r e s a l t i n g  i n  I"e.ult l i n e s ,  i s  a l s o  ess3- 
c i a t e d  tile sresent-daj. volcanism taking place  i i l  t h a  Iiunlun, the  esrt l l-  
quakes o f ten  accurr ing i n  t h e  t e r r i t o r y  of Tibet  a i d  t h e  ,>resence 07 
h3t a;r i t i ~ s  . 



4. 'fi:i! c311tinen.t~l  ,j?1'i'3ti uI" dii i~el2,  .merit o!' tile :iSe tsq 11p.ndscap 
b e p  in  the :Addle 9I the  'Lerti~r) L:,:rirrl. l'he presence of vqri-calored 
and red rocks, making up t h e  su r face  ol" b r m d  s e c t ~ r s  of t h e  h ighlsnd,  
~ i v e  avidence of the  e x i s t e n c e  i n  t h e  L ~ a s t ,  apysrentldl i n  s o s t  T e r t i a r y  
or earl/-.JunternnrJ t imes,  o f  a wsr,r.cr a ~ l d  moister  c l i m - t s  dur ing 
h i c h  time such rulinals a s  the r h i n s c s r a s  nils- havo ex i s t sd .  Tile ciis- 
appearance of warmth-loving ~ n i r n a l  s :.:ns 9 r . s  x i a t e d  w i t h  t h e  c >!>ling o f f  
9f' t he  cli.~a:te, caused b; an u p l i r t  of  tj.8 'lighlanL t a  9n i i~riense h e i ~ h t  
above sea l s v c l  . ;'-LC cw:a i t i .3ns of develoixnei~t a? Lne landsca2e ciimged 
t iaresf ter  s i n c e  -:r i t41 t h e  u p l i f t  or h e  21iglland and s s ~ e c i n l l y  the  
~liinaleya t g  ti-~c i r ~r~odarn  ela-v-nti.sns, -the c liir.nt;e of Tibet ,  R region 
without e x t e r i o r  dra inage,  bccsme co lde r ,  s h s r y l y  con t inen t01  and m i d .  

5. In  the  n ~ d e r n  p2r- i~:  i n  the  forvet . i . :~a of h ~ t s  rc l j .a f ,  >rosier_ 

by- rriv-ers !I-r; ; rea t  signi.fic,:,:lce i..~ the s w ~ t ' l  pi23 c o u t h e ~ s t  o f  Tibet,, 
tol;et;tor witr, i?sotectonicr,.  L".ii r, i s  h ?co:~ss the  r i v e r s  \ e re  flovr t~ 
tne 3ceqn; i n  tile : lo r t ,~ ,  ill t he  regi3n 1 ~ i t h 3 i l t  drninmge t o  t h e  ou t s i5e ,  
eole8.n procenses a r e  of g r e a t  s i g n i f i c ~ n c e  it.s well  c s  ~ ~ e c h a n i c s l  ( f r o s t )  
;?e:lt.iering. i n  t h i s  conr~ect ion,  i n  t i e  sout!l and sou thcas t  thore i s  
predominantly a r i s i n g  development of r e l i e f  and a lowering development 
in the  north.  Since  the  headwaters of t h e  Hwang-ho, Yangtze and S ~ l w e c n  
are fo rce fu l ly  c u t t i n g  i.nt.j t h e  depths of .the a r e s  of i n t e r n a l  drninage,  
in the  f u t u r e  t h e  area oi' r i s i n g  r e l i c f  w i l l  a l s o  c#tpture t h e  n v r t h e r r ~  
regions of  t lie E ~ i g h l ~ c i .  

3. Tibe t  is  ~ i t u s t e d  i n  t i e  zone sf' sub t rop ica l  cl inlcte,  i n  t i i ~ t  
sec tor  s u b j e c t  t o  t n e  inf luence of t h e  Indian :unsoons.  Sut  tlle 13rge 
area  of i n t e r i o r  drainage,  blocked o f f  fro:n t h e  iilf'lucfice of .tile mon- 
soons 'o;v tile ;li..~nleyz. and 'I'1-.cmsili:r.nlnya iianges, h::s R clrq and s i ~ s r p l q  
~,~ri.Lil:caLal c1ilavl;e. iha very t;r..,at abso lu te  e l cvn t ion  3f' t h i s  p-.rt 3J? 

'Tibet, nogrevc-r, makes ,,oxsible an i n t e n s i f i c a t i o n  9," co l i t inen ta l i t j '  ?.nd 
s 'lo:rurii~g of' te:! ip>r~:tures.  T i r i s  : : ~ ~ k r s  tk.e c l i m a t i c  c3r:ditions iicre 
s i . n i l c r  t:, those  of tile t~111urs. 

7. Tne T i b e t a ~ l  1e.kcs hzve cle,?.r t r n c e s  o,C shrinkage.  J u t ,  appar- 
e n t l y ,  t h e i r  shrinkage toolc place ill  a x.zrotherrna1 per iod vrnici~ Centrnl  
$.sin un:i.;.ri,~ent especi;:lly .?f ter  t h e  p e r i ~ d  of g l a c i n t i o n .  A t  the p resen t  
tins, kio!;revcr, the  si1ririk::ge of tile Tibetan lakes  due t o  c l i m a t i c  reasone 
cc.!i acqrcelq occur, sirlce condi t ions  i u  'Tibet nre nore Cavorable f o r  
t h e i r  p r e s e r v ~ t i o n  than j.n any (~tkier p lace  on the  globe. If t h e r e  i s  
now occurrillg a shrin'rsge ia some of thern, then t h i s  process i s  FI n a t u r a l  
dying t h a t  i s  genera l ly  c h n r a c t s r i s t i c  of  a l l  lekes  i n  RreRs of i n t o r n a l  
drainage . 

8 .  The anc ien t  f l o r a  or' Tibet  mas f o r  tne  :nost p z r t  clostroaed i n  
the pe r iod  of tine g r e a t  g l a c i a t i o n .  The beg iming  of tlie formation of 
tne  !~;odern vegeta t ion of Tibet  r e l a t e s  t o  t h e  second h a l f  of t h e  



lua te ruary  pried. I t  -sas for,ued frou! nzvly  a r r ived  elements of 3 more 
aricient f l o r a  of t h e  h i l l  lands of Yunnan and Jurrna ~ n d  t o  u small degree 
from represen ta t ives  of Centra l  A s i a t i c  f l o r a  pene t ra t ing  i n t o  Tibet .  

9. d i f f e r e n t  from v e ~ e t n t i a n ,  i n  the  f o r m t i o n  of vrhich Central 
-4s ia t ic  f l o r a  played a vary sLl.nll r a l e ,  tha fauna of Yibet owed i ts  
formation p r e c i s e l y  t o  Central  A s i a t i c  d e s e r t  fauna end only on the 
southern s lope of trle Liiaalnja, i n  R b e l t  l e s s  than 2,030 meters above 
sea  l e v e l ,  i s  it s i m i l a r  t o  Indian t r o p i c a l  fauna. 

10. The territory of Tibet  ~ x t t t n d s  from south  t o  nor th  f o r  more 
than 1,030 kilometars.  Thersl'ore it wduld be n s t u r ~ l  t o  ox2ect i n  the 
s o i l  and veketa t ion t h e  appearance of a l a t i t u d i n a l  zonation. liowever, 
due t o  t h e  very grcre-l; e l evq t ion  sbove sea l e v e l  and t h e  orographic 
p e c u l i a r i t i e s  i n  3. subs ta r i t i a i  p a r t  9f 'Tibet (excluding tile Tsmgpo 
bas in  and t h e  soulihern slope of the  rii~nalajra) one can observe s imi la r  
condi t ions  of i n s o l a t i o n  and c i r c u l ~ t i o r l  of a i r  masses end i n  the  l a s t  
a - ~ a l y s i s  the re  i s  small d i f fe rence  iLl  the  iacome-outgo h e a t  balauce of 
ind iv idua l  a reas ,  eveii tilose l a t i t u d i n a l l y  s i t u a t e d  d i s t a n t  f  r a n  one 
another.  Cons:;.quently, s uch a f a c t o r  ns I n  Litude, usua l ly  having; -the 
utmost s i g n i f i c ~ n c e  ia t h e  chanLe of  t h e  s ~ i l - v e ~ e t a t i o n  cover, i s  
hare,  so t o  speak, " l eve l l ed  out. " u i f fe rences  i n  t h e  s ~ i l - v e g e t a t i o n  
cover a r e  c ~ u s e d  cli iolly b>" orogrnihic  f e e t u r e s .  The m3untnin r m g e s  of 
t'ne liirnalaya m u  t h e  Trarlshimalnyn havo uater~ldned i n  tile riortilarn pa r t  
of Tibet  t h e  s i n g u l a r i t y  of c l imate  and t h e  drainage condi t ions  and, 
consequently, tile s ~ i l  cover and ve;.;etation, which d i f f e r  s h a r p l j  from 
i;!loso p rcva i l ing  i:~ Southern T ibe t  and o : ~  t h e  southern s lope of t h e  
.Iirns,lay a .  

11. Since, s s  c m  be seen f r m  t'ne ~ f o r e c a i d ,  t i e  fe:itures of 
c l imate  depend pr imar i ly  on orography, and on orography a l s o  depends 
the  charac te r  and i n t e n s i t y  of exogenous processes i n  various p a r t s  of 
l'ibet, t h e  condi t ions  f o r  formation of r e l i e f ,  t h e  hydrographic network, 
tne  s o i l  and veget3tion cover and t h e  fauna, r e l i e f  should the re fore  be 
s e l e c t e d  a s  t h e  primary considerat ion i d  the d e l i n e a t i o n  of physical-  
seographic reg io rs .  3 ther  f a c t o r s ,  t o  a s i g n i f i c a n t  degree being pro- 
duced here  by r e l i e f ,  a re  t h e  amount of p r e c i p i t a t i o n ,  the  degree of 
c o n t i n e n t a l i t y ,  a t c .  They can be used f o r  d i s t i n g u i s h i n g  d i f fe rences  
e x i s t i n g  a t  var ious  places  i n  t h e  p r i n c i p a l  phys ical-geographic regions. 

12. h study of the n a t u r a l  condi t ions  of T ibe t  sho:vs t h a t  a large  
p a r t  of tAle  t e r r i t o r y  i s  s u i t a b l e  f o r  t h e  l i f e  and econonic a c t i v i t y  of 
tile population. 'There no longer should be t a l k  of s teppe,  semi-desert 
and even d e s e r t  regions ,  wi tn  t h e  exception of T i b e t l s  most northern 
zone, even now u s e i  b:, shepherds. illo t e r r i t o r y  oi , , o r the rn  Tibet  w i l l  
be more inkensively  a t i l i z e d  by s h e p h ~ r d s  and i n  tlle v a l l e y s  3f the  
franshimalaya, where the re  a r e  a l ready ind iv idua l  farms, t h e  use of 



suitable i r r i g a t i o n  works w i l l  mnke p o s s i b l e  a considersble  c u l t i v a t i o n  
~f land i n  n & r i c u l t u r a l  crops .  Tile sou thern  reg ions  of Tibet ,  h,,wevcr, 
have a l l  the condi t ions  needed both f o r  t h e  c u l t i v a t i o n  of w h e ~ t  and 
rice and fo r  the  growing of valuable  s u b t r o p i c a l  f r u i t  and i r ldus t r i a l  
crops. 

13. Future p rospec t s  f o r  t h e  economic development ~f Tibet ,  i n  our 
opinion, a re  f o r  t h e  most i;wt a s s o c i a t e d  wi th  t h e  development of indus- 
try in conjunction ~Nith  t h e  u t i l i z a t i o n  ol" t h e  energy i n  t h e  r i v e r s .  
Underground wealth can se rve  a s  the  b a s i s  f o r  indus t ry .  I t  has  been 
establisned t h a t  t h e  major accunulct ion of ores  and ore minerals  i s  
aslrociated wi th  a folded zone t h a t  extends f r o x  west t o  e a s t  ac ross  t h e  
whole of Tibet  from t h e  :{arakor.m. t o  the  2rovince of Yunr~an. This zone 
is characterized by i n t r u s i o n s  i n  g r a n i t e s  and igneous rocks,  R process 
with which ore formation i s  associated. 

According t o  pre l iminary d a t a  fr0.n ri reconnaisance conducted by the  
Chinese expedi t ion of 1351-11-155 i n  Tibet ,  more than  30 kinds of minerals 
were discovered. I n  the  e a s t e r n  p n r t  of tile 'l'sang90 v a l l e y  were found 
deposits of magneti te ~ i l d  a t  L h ~ s n ,  l e p o s i t s  of coa l  and t a l c r  I n  the  
Tanghla Sange l a r g e  depos i t s  o f  i r o n  ore m d  c o d  vrere a l s o  discovered,  
and, i n  edd i t ion ,  depos i t s  of g ra?h i tc ,  R S ~ ~ S ~ O S  and soapstone.  ewe- 
paper ~jruzhba [E'riendship], Peiping, C ;fey 1356.) 3es ides  a l l  t h i s ,  t h e  
expedition discovered depos i t s  of antknony ores ,  a r sen ic ,  molybdenum, 
copper, l ead ,  z inc  and o i l -bear ing  shales .  Tarougnout T i  bet  the re  a r e  
~ ~ W I I  t o  be d e p ~ s i t s  of gold, both i n  veins  and i n  streams, and, f i n a l l y ,  
inexhaustible supp l ies  of various s a l t s ,  both i n  tho f o r a  of depos i t s  
and i n  decs ica ted  l akes  -- borax, gypsum, ordinary s a l t ,  alum and soda. 
There a r e  a l s o  unlimited supp l ies  of const ruct ion m a t e r i a l s  -- g r m i t e ,  
sandstone, limestone, sand and a l s o  jade, R semi-precious stone.  

The f o r e s t s  of t h e  sou theos ten l  p a r t  of Tibet  a l s o  hsve g r e a t  
i n d u s t r i a l  s ign i f i cance .  According t o  i n i t i a l  da ta ,  t h e  reserves  of 
wood here  a re  e s t i m ~ t e d  c i t  over a hundred m i l l i o n  cubic meters.  (iiews- 
paper druzhba [Friendship],  13 P e ~ r u a r y  1957.) 

14. For a more successful  development of the economy of Tibet ,  it 
i s  necescRry t o  make a broad stld d e t a i l e d  study of i t s  n a t u r a l  condi t ions  
and t o  uncover a l l  i t s  nmtural wealth. 3ne of the  important aays t o  
achieve Vlis i s  t h e  physical-seographic s tudy of the t e r r i t o r y  of Tibet .  
Taking i n t o  considerat ion t h a t  a l a rge  p a r t  of it s u f f e r s  from a r i d i t y ,  
e spec ia l ly  i n  the  spr ing,  it i s  expedient t o  f i r s t  t u r n  our a t t e n t i o n  t o  
hydrogeological and geomorphological researc!~,  e s p e c i a l l y  irl the northern 
regions of i n t e r i o r  drainage. ~lydrogeological  r e s e ~ r c n  makes poss ib le  
t n e  discovery of resources of f r e s h  ground water. There i s  no doubt 
t i a t  t h e r e  i s  such ground x a t e r  i n  the s t r ~ t a  of loose deposi ts  which 
f i l l  t h e  intermontane p la ins  and depressions.  The waters can be used, 



i n  t h e  f i r s t  place,  f o r  tile r a i s i u ,  3f l ives t9ck .  'i'liey C M  b r ing  neiv 
regions  i n t o  use f o r  pas ture  r o t a t i o n  and, >oss ib l ) ,  l e n ~ t h e n  tile t i m e  
r3r use of new and alroady used n a t u r a l  pas tu res ;  i n  the  second place, 
the  so lu t ion  of the water problein - . v i l l  iiia'ce e n s i e r  the  s011:tion or  the 
problem of e x p l o i t ~ t i o n  of d e ~ o s i t s  of o res  and .ninerals.  

(;eomorpholo,ic~l studq and rna2ping h e l p  t o  d e l i n e a t e  sec to rs ,  
va l l eys  o r  internontone depressions t n a t  a r e  s u i t 3 b l e  f ~r the  es tab l i sh -  
ment of r e s e r v o i r s  i n  which r a i n  water and s o i l  writer can be ~ccunula ted .  
Tnesc waters a r e  necesyarh bot:1 f o r  i n d u s t r i a l  ,>urp?ses and f u r  tile 
p r o d u c t i m  of e l e c t r i c  p>l:.or a i d  f o r  t h e  i r r i g ~ t i a n  of ,mstures md 
s g r i c u l t u r a l  lands  s u i t a b l e  f o r  cult ivclt ion,  e s p e c i a l l y  i n  the  Transniaa- 
lays. Geomorphological s t u d i e s  w i l l  a l s o  be useful  f o r  de l inen t ion  of 
depos i t s  of p lace r  gold and o ther  minerals  and a l s o  f ~ r  r o n l  construc- 
t ion .  

Geobotar~ical  research i s  of ;re?.,t vslue.  I t  c m  be used f o r  t h e  
d e l i n e a t i ~ n  of Lhe vege ta t ive  resources  2nd f o r  carflgil- tio on of a ]nap 
of pas ture  lands.  

15. Phe i s o l a t i o n  a r  Pi'vet, which h-.s been an obs tac le  t o  develop- 
ment of i t s  productive f o r c i s ,  lsecanie a t h i n g  of the  p a s t  a f t e r  the  
cons t ruc t ion  of tne Siknng-Tibetar, 'I'sinkhay-Tibetau end : i inlztsyan- 
Tibetan highvia$s. Tibet  m s  joined t o  the  renaiilddr .>f Chinn by re l iob le  
routes  o b o ~ a o u n i c a t i o n .  The nss is tonce of a l l  tho b r o t h e r l y  peoples of 
;ree China serves  as a a o l i d  guarantee of t h e  aucce;nful economic and 
c u l t u r a l  developne%t of Tibet .  

The study of t h e  n a t u r a l  condi t ions  ~f  Tibet  i s  a ssoc ia ted  with 
considerable  d i f f i c u l t i e s ,  s ince  up t o  very recen t ly  syste.natic s tud ies  
takink i n  t h e  whole o r  a l a rge  p a r t  of i t s  t e r r i t o r y  d id  n o t  e x i s t .  - 

True, many e x p e d i t i m s  v i s i t e d  t h i s  l 3 f t y  region.  But t h e y  usual ly  
d i d  not  have among t h e i r  p c r t i c i p ~ n t s  t h e  necessary  s t s f f  of s p e c i a l i s t s ,  
~s  s r u l e  t h e  exp lora t i ans  d id  n o t  have an all-around and s y s t e m ~ t i c  
charac te r ,  nor were s t a t i o n  observat ions  nede. There a r e  a l n o s t  no 
desc r ip t ions  i n  -i~hich t h e r e  have been completely general ized ms te r ia l s  
on geology, orograph:, hydro,raphy vegeta t ion and anirnal l i f e  i n  Tibet .  
;*e have t r i e d  t o  c o l l e c t  and so f a r  a s  poss ib le  t o  synthesize  m d  gen- 
e r a l i z e ,  ~ l t ' nougf i  r 'ragmentarily i n  spots ,  the widzst  rnnge of dnta  taken 
fro111 var ious  English, Russian, Chinese, German snd ot'ner sources.  As a  
r e s u l t  of the lac:< of uniformity =d varying q u n l i t y  01- t h e  source 
lnater ie ls  yau can f i n d  i n  the  book, undoubtedly, va r ious  errDrs  and con- 
t rv , i i c t ions .  F:leir e l i iu inat ion w i l l  be poss ible  -$nth c o n t i n u i c ~  iu3esLi- 
& s t i o n s  v r i t l l  t ne  s s s i s t a n c e  or  Lile remsrks end advice of rcsders .  l ' ! ~  
aui.:ar w i l l  r c c & i ~ : :  such remc~r:cs m d  advicz wi th  g r a t i t u d e .  



m e  -- fo re fa t i l e r ,  m u e s t e r  
bema -- sand 
bznyan ( b t t y a n ,  chan, cnznK) -- n o r t h  
gm -- sno'rr 
gaq -- hit;hland (gangr i ,  ;nagri-gml c h e n l )  -- snowy inountains 
gomba -- liionnstery 
d z i ~ i  ( k l i )  -- o l i s s  
d3!c -- mountoin ~ne~,do:r.s, p , . ~ s t u r e  
kam -- cou i t ry  
l a  -- mountain pas s ,  gateway 
l in  -- m o n ~ s t e r y  

(kh la )  -- deity 
lkho (lchlo) -- s o u t h  
nag -- f o r e s t  
nam -- slcy 
non -- r m g e  
nubka -- !vest 
.?yent -- ddainQ- 
29 -- r i v e r  
r i  -- r?2unt,sin 
ron -- nsr row and Jeep v a l l e y  
s i  -- s , ~ r i n g ,  'orool: 
s i ~ i g i  -- l i o n  
tan ( t k i ~ a n j  -- s teppe ,  d e s e r t ;  plain, broad v a l l e y  -- op2os i t e  of "ron" 
tog  (tLbog) -- u29cr 
tsar1 -- 2 l s t e a u  
chzhon -- r e g i o n  
chu -- r i v e r  ( s t r i c t l y  spu.n'xing, -.-;stet-) 
siicu~i -- e a s t  
i s a l  -- lor3s. t  
issrlgpo -- r i v e r  ( l a r g e )  
t z z e  -- mouritain, peak 
tszon -- c i t y ,  f o r t r e s s  
t sva  -- s a l t ,  g r a s s  
t s 3  -- l a k e  ( t s h o )  
shan -- range (shnn)  
yu l  -- cdunt ry  
>in -- t u r q u o i s e  



Adjectives 

ker -- white 
mar -- red 
..lachin -- grey 
nag -- blaclc 
igovo ( n e n l )  -- blue 
t s z a n  -- c lean  
chenl -- l a r g e  
churl ( tan)  -- l o w  
ma -- a p a r t i c l e ,  shwirAg the  v..orJ t o  be of masculine gender. 
po -- a p z r t i c l e ,  showin6: the wwk t o  be of fe:ninino gender. 



:) 
1&k$j of the Daiclzu River in fbs regiea of Lhas8. A t  %he left am a e  
l.*#s the Po%ala mlace, %he ~esldence of %he ~ - ~ .  

Tne city of Shigatse on the ri@t baak of the Ilsangpo River. Irs 
the j.'orcsround i s  8higatse and the '$ashilupno Palace, Obe reaideace 
of the Panchen-Lama. 



. 
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My-+ , . ; 

Lype suspension Chain bridge across .the Tsangpo 



1Spical landscape in the central Chan&ang. 







t 

In the southwestern part of Tibet rises Mt Kailae, a symmetrical! peak. 
It consists of world's highest uplifted serieri of  horizontal-laid 
tediary conglomerates unbroken by faults (view from the west). In 
the foreground are nomadic Tibetans. 

Sssstsst In%emontaae plain Ln the Karakorum to the northeast of W e  
p-mg* 



~ f ~ ~ z t e y  of the KLli8.n Rives on the mrthen. o ~ - ? 2  t@skt- @ii g ~ e  ~ i u ~ l u n .  . _ _  .A C .  
- .  

. . 
E ~ r t b e r n  part of' the Cheagtmg in thc region to the east ca*  
Madcberm. Low east-wec t r-idges rise up amidst the g S b  - 255 - 



TaUey nesr the Angden-la Pass in the cen t ra l  part of the Traaehim~ya,  

High mountain ranges near Lake Lighten. 



Bodlmd londecaga $33~2 in the &$@eJ B a s h .  
, * 

Frogen watertall near Fam on the way f r o m  India to ZS1-. 
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-4 7FC-21L$Y I- &e largest %ri'bu$irary of the IBam 



M e  Igaagla~ing. Small islands are visible in  the center; they ary 
formed by a mountain ridge protruding from the water. Sketch by 8 .  
Hedin. 



..b , . 

On the shores of W e  Chargut. 

W e  Mtma~tirowsbr. U the background Mt . Gurla-Mandhata . 











Typical, p- in the Q=&WS* 

- - &T$ * 



;z.- . 
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Uca~%ailfn daprcssion. In the i o m g r d  a o a n y a - U b  ra-. 



. . 

E4mik.y Uf't bank of the T~imgpo River upstream from 8hj.w-e. 



Xhar i hua  In tho mUIy o f  the Ozichu River. 





~ h s  W& of me aumbi (headwaters of the f ~ o r ~ s  ~ i v e r ) ,  faaua far 
its he@&ligr mwtri. climate. 

P 



PreUminary tectonic map of 'P1,bet 
(fmm muafl-%.I-tsin' ) 





Sketch :nap of the  tectonic  pa t te rn  of High Asia (according t o  V. M. 
~ i n i t s ~ n )  

1 -- platforms and massifs. 2 -- massifs with a r e l a t i ve ly  thick Paleo- 
zoic cover. 3 -- Paleozoic s t ruc tures  of the  Kunlun and the  Nan-shan 
(geosynclinal development i n  the lower Paleozoic and geoant icl inal  
development i n  t he  middle and upper ~ a l e o z o i c )  . 4 -- Post-Paleozoic 
s t ruc tures  of the  Tsin'ling-shan and western Kunlun (geosynclinal dev- 
elopment i n  t he  middle and upper Paleozoic). 5 -- Mesozoic geoantic- 
l i n e  of the  Karakorum-Transhimalaya: a -- sector  of h i& mobility, 
b -- sec to r  of moderate mobili ty with poorly d i f fe ren t ia ted  tectonic  
r e l i e f .  6 -- Mesozoic arches of the  Tetis:  a -- sector8 of consid- 
e rab le  bending, b -- shoals with predominant development of red 
colored rocks. 7 -- bend of the  upper Indus and Brabmaputra (end of 
the Cretaceous - Paleogene): a -- flysch trough, b -- graben with 
t h i n  sedimentary cover. 8 -- Alpine geoanticline of the Himaleye: 
a -- sec tors  v i t h  considerable mobility and a changeable regime of 
development and alpine-type s t ruc tures  b -- sectors  vith a s tab le  
geoant ic l ina l  regime of development and harman-type s t ructures  
9 -- Alpine synclines and marginal folds:  a -- sectors  subjected to 
overturning b -- nonoverturned sectors  10 -- the l i nes  indicate  
boundary l i n e s  of f a u l t  zones in Pre-Cambrian base rock. 



Sketch map of the  three main regions of High Asia: the  Western Flank, 
the Tlbetan Highland, and the Eastern Flank (according t o  V. M. Sini tsyn)  

(upper key reads : Main centers  of u p l i f t  (on surface of pre-chambrian 
basement ) ; lower key reads : t ransverse downdrop) 



Elevations of ranges and intermontane valleys i n  the eastern pa r t  of 
Tibet (according t o  S. ~ e d i n ) .  

BASIC TYPES AND SUBTYPES OF REXCEl? IN TIBET 

High upland p la ins  crossed by ~lountains of irioderate iieight 

I, 1. Relief of open upland h i l l y  plains .  I, 2. Relief of u p l a d  
p la ins  with c lose ly  spaced h i l l s .  I, 3. Relief of h i l l y  upland plains  
with c l ea r ly  expressed t races  of glaciation. I, 4. Relief of h i l l y  
upland p la ins  with t races  of volcanic ac t iv i ty .  I 5 .  Belief of uplmd 
p la ins  w i t h  closely spaced narrow eest-west ridgel; of low mountains. 
I, 6. Relief cI' u p l a d  plains  with crossing ranges of' east-west and 
north-south or ien ta t ion  ( c e l l u l a r  r e l i e f ) .  



1, ( Relief of ~ ~ p l a n d  plains  on the  northern slope of the Himalaya, 
drained by r ivers  flowing t o  the ocean. 

Type of r e l i e f  combining ranges of ~doderate and great  elevation with 
h i &  u p l a d  plains .  

11, 1. Relief with a predominance of ranges of moderate height.  11, 
2. Relief with singular disorderly-arranged mountains of a b e l l  shape. 
11, 3.  1.loderately high and l o f t y  mountains with intermontane basins 
occupied by large lakes.  11, 4. Relief with a predominance of ranges 
of l o f t y  lilountains . 

Karakorum 

11, 5 .  Relief w i t h  a predoniinmce of moderately high niountains. 

11, u.  Relief with a predominate of nioderately high mountains. 

High mountain type of r e l i e f  

Himalaya 

111, 1. blaximum development of high mountain r e l i e f  with intense 
&ciation. 

111, 2. High mountain r e l i e f  with r e l a t i v e l y  l e s s  d i ssec t ion  and 
l o c a l  r e l i e f  and l e s s  development of glaciat ion.  

I V  

Badland type 

Deep canyons and valleys,  dense ne tmrk  of V-shaped dry  washes with 
narrow steep-sloped watersheds between them, poor vegetative cover. 



Key : 

Passes 

swnmps 

v 

Graben va l ley  of the  Indm-Tsangpo 

TIBm 

National boundaries 

Boundaries of provinces of China 

Railroads 

Roads and highways 

Lntermittent r ivers  

Spof %levations i n  meters 

Giaciers Volcanoes 

Solonchaks Sands 

Boundary of area of in terna l  dralnage 

Boundary of r e l i e f  subtypes 



Elevation p ro f i l e  of the Tibetan highlnnd along 90' E. The Himalaya 
Ranges a r e  below the Nyenchen-Tanghla (compare w i t h  p r o f i l e  along 87' E., 
Page 31) 

Annual amount of prec ip i ta t ion  (annotations i n  box read: "Total preci-  
p i t a t i o n  per  year in mm," " less  than 100" and "more than 100") 

- 188 - 



Isotherms for Jsnuary and July (at the earth's surface) (Annotatlone 
read: "Isotherms for Januaryt' and "Isotherms for July') 



 ETERNAL AND G L A C I E R S  SNOWS ~ : ~ ~ $ ~ ~ q : A ~ :  TROI ILIL AND 
T E P P E S  S u s r R w  I C A L  F 

a$;;:;:-PEBBLE M E A D O W - S T E P P ~  VEOETAT I ON CULT ( *GRICWURAL I VATED VE 
VEGETATION OF 

DESCRT% 

O R E S T I  
GETAT I ON 

R E G  l ONS ) 

Schematic Map of Distribution of Principal. Types of Relief 





GRAPHIC R E G I O N .  P 

Sketch map of Zoogeographic Regions and Dis t r ibu t ion  of Several Species 
of Animals 



100 

Regions of Tibet (according t o  Fen-shen). 





T Y P I C A L  CRO5S S E C T I O I 4  C F  A N  AREA I N  

N O R l H r ~ N  T I ~ E T  

Cross s e c t i o n s  of t h e  Main Elements i n  Rel ief  of t h e  Changtang (according 
t o  S .  Hzdin) 



Special Aspects of the Territory of Tibet (use was made of materials- from 
Sun Tszin-dzhi) 

Aost important agr i c u l t v a l  regions 

Most important regiond of livbstock grazing 

Forested regions 

Barren lands 

Eternal Snow gnd ~lac' iers  
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