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cultural lands 
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EDITORpS 
NOTE 



111 tlic courtc o f  the program, the Acadc~ny  tent nlorc than 400 

rc\c~nrclicr\ to  the Tibet A ~ ~ t o r i o ~ ~ l o u \  Ilcgio11. They  includcd spccinlists 

i l l  gcof~hy\ic,.  geology, gcoSrvphy. biology, agriculturc. fo rcs tv ,  and 

aliilllnl I~u\bandry,  drawn from ,chool,, rcscnrch institute5, and 

production organizations all ovcr China. T h e  specialists werc ncsirted by  

roidcntc o f  the nrca. who  served nc guides and provided transport and 

st~pport  \crviccc, as well ns by eoldicrs o f  the Pcoplc's Libcrdtion Army,  

. .. 
. , .. . . -.,4.- --  .- :.<.:.--:.i who hclpcd in the rcsc~rch work.  

O n  their cxpcditions to the Plateau, the sric~ltific teams investigated 
Tlnlc and tlnlea~ain tllc rcscarch tcanl's trucks got cxcccdingly v.lricci terrain. trekking ovcr snowcappc~l  lnountains and 
stuck in the soggy earth of the Nonh Tibet 

It  \\-as labor to free the w~lec l s ,  gl.lcicr\, cro\tillg river, 2nd I.1kc5, csploring volcanoes, pcnctrating 
cspcciall~ slllcc the team was \"orking In the \~lhtropic.nl forots ,  .lnd traversing rich pnsturcc and L ~ r ~ l i l a ~ l d .  This book,  a 
rarefied alr that makes any physical exertion dif- 
ficult. work o f  collcctivc. effort, \vn\ written by z o n ~ c  o f  the rcsrnrch realm ~ n e r n -  

ber\ thc~n\clvc\ :  Chapter 3, Frozen Wonderland,  by Li Jijun of  Lanzhou 

Urtivcrrity: Chnptcr 8, Alpine Plnntt, by W u  Sugong o f  thc Institute o f  

Botany. Chinc\c Acndcnly o f  Scicl~ccs: and the rest by Zh.lng Mingtao, 

n gcotlicrmnl \pccinli\t o f  the Commissiol~ o n  thc Comprchcn,ive Survey 

o f  N.~tnr.\l lic\ourccz of Cllin.1. Cliincsc Acndc~lry o f  Scicnccs, w h o  also 

c o ~ t t r ~ b u t c d  tlic \ccond-lnrgc\t number o f  photograph\ rcproduccd in 

this v o l u ~ n c .  I I I  the course o f  his work  w r i t i ~ ~ g  eleven chaptcrs o €  the 

book. he cor~sultcd the cxpcrt advice o f  his collcagucs in the Acndcmy: 

Li Wcllhua, H:ln Yufcr~g. Huang Wcnxiu ,  and Li Jiyou o f t h c  

C o m ~ ~ i i \ \ i o n  011 thc C o ~ n ~ r c h c n s i v c  Survey o f  Natur.11 Rcsourccs; Fcng 

Zucjian o f  the Institute o f  Zoology;  Challg Clicngfn and Zhcng  Xilan 

o f  the l l~t t i tutc  o f  Geology: Tcng Jiwcn o f  the In5titute o f  Geophysics; 

and Zli;111~ YOII~ZLI ,  Zllcllg 11~1. and Li Bit~gyuan o f  the Institute o f  

C;cogr.~plly. Cl1c11 Hcyi, editor o f  Cl~irrn Pictorin1 ~ l ~ a g a z i n e .  hclpcd in the 

cditori.ll work .lnd contributed the greatest ~ l u m b c r  o f  photographs t o  

be used for tllc book. T h e  nnmcs of all the photogrnpllers whose 

picture\ .lppc.lr hcrcin .Ire ~ i v c l ~  in the list o f  Photo Credits. T h e  maps 

nlld di.lpr.]m wcrc dra\wi hy Z11.111~ Mingtao, Shen Pcilong, Z u  Yuting. 

Zhclrg l)u. and Tc.11~ Yuf.111g. 

A\ we  go  to prces, wc  Ic..lrtl with deep sorrow that Z h c r ~ g  Chal~glu ,  

.I Clrirl~i I'irtorinl cor rccpo~~dcnt  w h o  c o ~ ~ t r i b u t e d  Illany photographs for  

t l ~ i \  nlbuln, diccl il l  .III accidcllt i l l  thc \urrlmcr o f  1081  whilc goilly on  all 

expedition \vith thC scientific rcscnrch tcnnl t o  the H c l l g d i r . ~ ~ ~  Mountairw 

ill  Yunn.111. Hc  had joincrl three cxpcditiot~s t o  the Qinghai-Tibct 

Pl.1tc.1~1 before his ulltinrcly dcnth at the .lge o f  thirty-scve~l. 







T l i c  Qinghni-Tibet Plitcnu is c o ~ ~ ~ p o s c d  of 3 nonibrr of 
distinct regions, each with drnmaticnlly diAi.rcnt topngraplly. 

A lo~ lg  thc southern cdgc of  thc Plntcnu, extending for 2,400 

kilonlcters from west to cnst. is the gre.ltcst mount,~in r.uigc on 

earth: the stupc~ldous Hirn,ll.~y.ls. 6,000 to 7,000 mctcrs nbovc 

se.1 level. At the center of  tlic r.uigc, locked ill snow \:and ice, arc 

clustered clcven of the world's fourteen loftiest including 

Qo~nol\:ingma (Mount Everest), which n t  8,848.13 ~ n ~ t c r s  is thc 

highest point 011 the globe. Thc  mngc dcclincs grndunlly 

from tlie center in both directions, until n t  cncli tip there rises 

another mighty At the western end stands Mount Nanga- 

parbat. in Knshmir. with the Indus River n t  its feet. At thc 

eastern end is Mount Nnn~jngbarwa, in China, with the 
Yarlu~ig Znngbo ( Z n ~ ~ g b o  111cn1is river in Tibetan)-the upper I .  T l i c  Q ~ n ~ h a l - T l b c r  P la t rau  \CL.II 

globc. 
Brahninputrn -looping around it. 

The  ridgeline of the Him,~layns fo r~ns  n definite line of 

denlarcntion, with n different cli~nnte and different plnnt and 

animal life on  either side of  the mnge. The mountain Innss 

blocks most of the w.irm, ~noisturc-lnden nir of tlie Indian 

Ocean from reaching the interior of  the Plateau. For this reason, 

the south face of  the Himal.~yns hns n wnrm, humid climate 

and verdant vegetation, while the north fncc of  the range and 

much of  the rest of  the Platcnu is frigid and arid. On tlie south 

side, the abundant rainfall and tlie surfnce flow of  wntcr it 

creates cause heavy erosio~i on the precipitous slopcc, and the 

bigger rivers cut deep gorgcs between the mountnins. 
Thcse river gorges represent shortcuts through the Himalnyns, 

but they are so nearly impassable that local travelers prcfcr to 
cross over the perilous mountai~l passes, where the air is t h i~ i  

and ice and snow block the way eight months of the ycnr. Our  
research team, however, chose the valley routes, f o l l o w i ~ l ~  the 
course of  the roaring rivers. When  a gorge beca~nc too narrow, 
we climbed the steep walls with ropes and picks and threaded 
our wny through the de~lsc forests until we could descend to 
another scction of  thc rivcr vallcy. 111 this way, we wcrc nblc 
to study the various typcs of vcgctatior~ and wildlife, the 

waterpower resources, and thc strata prcscrvcd intact 
on the canyon walls. 



Not  far from the foot of  the north face o f  the Himalayas, 
and roughly parallel to thenl, is a bclt o f  undulating ~nountains  
that thc Tibetans call the Lhagoi Kangris. This elongated range 
forms a watcrshed, dividing thc Yarlung Zangbo water system 
to the north and the Gangcs water systcm to the south. O n  
both sides o f  the watershed, the crosion o f  the rivers has broken 
down thc banks o f  many o f  the big lakes, draining them o f  
watcr and carving ravines into the dried-up basins. 

Betwcen thc Lhagoi Knngri Mountains and another, parallel 
rangc to the north, the Gal~gdisc-Nyai~~qcntnnglhns, lies the 
valley of  South Tibct. Near the westcrn cnd o f  the valley is 
one of  the scenic wonders o f  Tibet: inside a ring o f  mountains, 
whose peaks are covered with snow and glaciers, lie t w o  
shinlnlcring freshwater lakes, thc Mapam Yumco and the Langa. 
This beautiful basin, with its twin lakes surrounded by rich 
pasturcla~ld, is held sacred by the Buddhists as the blessed abode 
o f  thc gods, and cou~ltless pilgri~ns are drawn to it not only 
fronl the Tibet Autonomous Region but also from India, 
Nepal, Sikkim, and Bhutan. 

The lake basin is o f  special interest for another reason. In 
thc sur rou~ld i r l~  mountains lie the headwaters o f  three o f  the 
principal rivers o f  the South Asian subcontinent: the Indus, the 
G a n ~ e s ,  and thc Bmhmaputra. The  largest and most important 
o f  thcsc upper rivers is thc Yarlung Zangbo (upper Brahnlaputra) 
Thc highcst big river in the world, it flows from west t o  east, 
more or  less to the Hilllalayas. Near the twin lakes, 
the valley is flat-bottomed, and the river spreads out  in a 
network o f  wandering chalulels that water a luxuriant 
pastureland. Here roam great herds o f  yaks and flocks o f  sheep. 

Farther east, down the middle reaches o f  the Yarlung Zangbo. 
thc valley drops in elevation and alternately narrows and 
widens. In the narrow sections, the river races through steep 
gorgcs rich in rare mineral deposits, and the swift-flowing water 
is a grcat potential source o f  power. Where  the valley broadens, 
2nd along the lower reaches o f  the tributary streams feeding 
into the river from the north and south, the land is fertile and 
dcnhcly populated. Lhasa, the largest city in Tibet and the 
capitdl o f  the Autonolnous Region, is built o n  the banks of 
onc o f  these tributaries, the Lhasa River. This part of the valley 



of South Tibet is thc highcst agricultural rcgion on earth, yct 

bountiful crops o f  wheat and barley and thriving orchards of 

apples, pcaches, and walnuts bclic thc Lct  that they perch on 
"thc roof of the world." 

In thc southcastcr~~ cnd of the vallcy, thc river ~nakcs a horsc- 
shoc loop aroil~id Mount Nanljagbarwa at thc tip of the 

Hi~nalayas before it leaves the Qinghni-Tibet Platcau and 
eventunlly beconlcs thc Brah~~iaputra  River in India. Here the 

land comes down to less than 3,000 nicters abovc sen Icvcl. 
W ' l r~n ,  humid air from the Indian Occan moves up  thc river 
valley, so that thc rcgion has lush vcgctation, including an 

C I I O ~ I I ~ O ~ I S  forcst zone. 
T o  thc north of thc South Tibet Valley there rise two lnorc 

huge n ~ o u n t a i ~ ~  ranges, thc Gangdise and thc Nynincle~ltanglha. 
Tlicsc rallgcs form a watershed which, with thc exception of 
a few rivers, divides the extcrior drainage systcln of South 
Tibct and the illland drainage systcm of North Tibet. Thus it is 

all inlportant geographic line o f  dcniarcation. 
O n  the other sidc of the Gnngdise and the Nyainqcntanglhn 

n~ountains lies the vast heartland of Tibet, known as the North 
Tibct plateau. This region co~lsists of  a series of  narrow lakc 
basins and river valleys separated by tremendous ~llountain 
ranges, i~lcludi~lg the Tanggulas, the Karakorum, the Hohxil, 
2nd thc Kunlun, which last forms thc northern bordcr of  thc 
Qinghai-Tibet Plateau. Viewed fro111 the Plateau, these mighty 
ranges, among the highest in the world, do  not appear as 
clevatcd as they actually are. However, when the scic~ltific 
research teal11 climbed thc Kunlu~l Mountains from the Ta r i~n  
Basin -just ~ lo r th  of thc Platcau, wc found the feat as arduous 
as the asccnt of thc Hi~nalayas fro111 thc south. 

Thcrc is no real s u ~ n ~ n c r  on thc North Tibet Evc~i 
in the warm season of July and August, a snowstorm may 
strike, and the tetnperature at night so~netimcs drops bclow 
freczing. Altenlat i~~g extrclncs of temperature causc r l~c  topsoil 
to  frceze and thaw rcpcatedly. The resulting contraction and 
expansion o f  the soil crcates a natural sorting process in which 
the coarser gravel is squeezed down into cracks in thc ground, 
forming curious geometric patterns. 



Co~l,idcring thcsc rugged conditions, one 111igllt expect the 

North Tibct plntcnu to bc utterly barren, but for a nu~ilber  o f  
rcnhons the region is one o f  the few highc\t in the world 

where vcgctatio~l cxijt,. Thrcc fcet undergronnd is a layer o f  
pern~alrost that is inlpc~lctmblc to  nlcltwatcr from the surface 
and thcrcforc kccps thc topsoil nioist. The  thin, clcnr 

atnlosphcrc p c r ~ i ~ i t s  intense solar radiation, and this also fnvors 

plnnt growth during the brief warn1 season. Lnstly, the platca~l is 
dotted with Inkcs, includi~lg Lakc Nam, or  Nnm Co,  tlie highest 

and lnrgcst lake in Tibct, with an area o f  some t,ooo squarc 
kilo~nctcrs. Both the frcshw~tcr  lakes likc tllc N'II~I ,  which are 
,urrou~ldcd with vcgct.ltion, and the snlt lakes, whose silvery 
borders arc bnrc o f  lifc, tcrvc to tclnpcr the harsh cli~natc. 

When  the wcnthcr clears in the warn1 scajon, the North Tibct 
platcnt~ prcsc~lt\ '1 pnI1oraIIln o f  extraordinnry bcnuty. Amid the 

still silc11cc o f  the s l l i~l l~l lcr i~ig lnkcs and sun-gilded volc.lnic 
rock ridges, dormant lifc rcawnkens. After withstanding violent 

gnles 2nd freezing cold, tllc dwarfed but hardy alpine pla~lts 

burst into gorgeom bloom 2nd conlplctc their life cycle in the 
- - 

short growing SC;ISOII. Flocks o f  ~lligrating birds glidc across 
the sky and skin1 ovcr the I.~kcs, while herds o f  wild asses and 

members o f  our research team hunted Mongolian gazelles t o  
provide a welcome change in thc team's diet.) 

T o  the cast, the North Tibet plateau extends into 
neighboring Qinghai Province. T h e  terrain here is similar to  
that in the west, but the altitude is generally lower and the - 
climate more hospitable, so the area is soniewhat more densely 

populated. China's t w o  largest rivers, the Changjiang (Yangtze) 
and the Hunnghc (Yellow), originate in this part o f  the Plateau, 
as does also the Lancang, which becomes the Mekong. the most 
important river o f  Indochina. 

In the southeast, where the Qinghai-Tibet Plateau takes in 
parts o f  Sichuan and Yunnan provir~ces as well, the topography 
is very different. There are n o  wide valleys and lake basins, as 
in the west. Here, alrlong parallel rows o f  craggy mountains, 
the Nujiang, Lancang, and Jinrha rivers have cut steep canyons, 
so~netinles 2.000 to  3.000 meters deep. It took our  research team 
half a day to travel on the Sichuan-Tibet highway from one 
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mou~ltaintop to another, driving circuitously down onc slopc, 

crossing a roaring river, then zigzagging to the top of the 
next, where still we saw no end to the retreating rows of 
towering mountains. Viewed from one of the crests, thc 
undulating ridgelines block the intervening chasms from sight 
and seem to form a rolling plain-a replica of thc original 
surface of the Plateau before it was cut by the rivers. 

Unlike most of China's mountain chains, which run from wcst 
to east, thc nlountni~ls in this southeastern portion of the Platcau 
extend from north to south and are therefore known as thc 
Hengduan or "traversing" mou~~tains. The Hcngdua~i Rangc 
prescnts more than scientific interest for man. Thanks to the 
lllollsoons from the Indian Ocean and the South Pacific, which 
advance north along the river valleys bringing warmth and 
rain, the upper levels of the mountainsides are covcred with 
dense forests, while the lower slopes are striped with bands of 
terraced rice, wheat, and corn. Some of the southern vallcys 
even have a subtropical climate in which sugarcane, citrus 

fruits, and bananas can be grown. The narrow mountain 
gorges hold promise of enormous hydropower, and thc wliolc 
area is rich in mineral deposits. Thus, far from being a uniform, 
desolate wasteland, as is com~nonly supposed, the Qinghai- 
Tibet Plateau offers a wealth of varied natural resources. 

2 .  i e r g  I 0 r I I I  I 0 0  I 
lllrtcrs above rca lrvcl UII r l ~ c  ~ 1 1 t l 1 c r 1 1  borJcr of  tllr 

I ' latra~l.  T h e  IlloTr p r o d ~ g ~ o u r  I I I ( ~ I ~ ~ . B I I I ~  011 cartll. 

rhcv .Ittract I l lJny 111ounm1nccr5 . I I I~ ~ C I C I I ~ I ~ ~ \ .  
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5. The Pdmg Rivcr, a tributary of the 
Ynrlw ZangL in the cartrm pan of r l~c 
S o d  Tibet Fldlcy. In this region the &natc 
ia wwm aad humid a d  tho land u fwule. The 
fifld b she foregrod hm b w l  sown to 
whest. 



8. The Gyirong Rivcr. flowing 
Ch-Nepal bordcr.sutr-dwly inwtkiM- 
risisg )3inrPIpxu to f m  this ~atlgofr. ?IS 

smaller nibuearics, with lcss cutting k, 
06eu renmin at a higher lcvcl ahd join &c 
river in &c fonl~ of watcrfalb like the ane 
show here. 

7. A river gorge in rhc wcstcrn pwt af& 
Ssuch Tibet Vaflcy. T%e rock wthls, h e  of 
vogctation in this arid region, we w v d y  
wmtharcd by cxtrcnlcs of ccmpetam. 



6. #QW &l@'idoge. 6.714 n l e m  in 
dcvuion, irdlpmain ptPk Ofthehe~~agdiae 

It is mdr of mad eanglo~~mntcr 
wrm formed arly in the Trrtiary paiod 

md 1PoeratcVltcd. The T i b  pcoplo ~ r d  
it an a s a d  mouauin baaw of ic unusual 
cam shmpe. tk w l t  of erosion by ice and 
maw. 



9. The Karpkorum Mountains on dw h(arrh 
Tibet pIateau. The main peak of ddr range, 
Mount Qogir, which stands ouaide thr 
Qiighai-Tiba Plateau to the noldtww, i 
second in elerradon ady to 
(Mount Evereso. It is 8.611 mean h w s  
level. 



- . - - - .  - -  

10. Thc Nyainqentaaglha mountain chah 
amidsc a sea of clouds. This range, w h w  
main p k  h 7,rrr meters above sea level, is 
a c ~ d l ~  the n o n h ~  exremion of the Gang- 
Les. ~ o n h  of' the Npainqentanglhas h cht 
parallel Tanggda Range; "Nyainqentanglhs" 
means "the second Tmggula" in Tibetan. - 
r I. Mount Mustag: at 6,973 mrs 
kevl, is f ie main p k  aP the KnnTun chPiP 
whi& f~rms rhe manhem b m b  
Qiiai-mbek Plateau. Viewed from -6S 
No& Tibe! @ P ~ A U ,  it# mere +L- 
mans in dtVati09 &e lo@ ~d.cib.m= 

t a b  a p p  to be af oaly moderate hi&.= - - 
P 

IP. ~ i & e ~ e F & & ~ g e t  pE- ZGKE 
- 

5- mstw pheWeShh1; wF- 
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16. On the hilly land of the Nortb Tibet 17. With t h e c x c e P t i o n o f a f e w h ~ ~  
plateau are p a s u e  coasisting mainly of the Hcngduan Monntains arc gen& .bent 
needlegron. &SOD merm above STA I d .  VimodfmmtHc 

top, the'riclgclines stem ro f k u  a conrinaora 
surfaoe mching to &e h&. 





il 
H I 0  OF 

THE PLATEAU 



M a n  has acl~ieved I I I L I C ~  in the scientific field, but his 

understanding of this world is still fnr from colnpletc. Earth's 

for~nation, the genesis of lifc itself, and phcnonlcna such as the 

Bermuda Triangle remain n~ysterics even to this day. One 

major question that has caught the attaltion of geologists 

throughout the world is the origin of thc Qinghai-Tibct Plateau, 

which sorlle regard as thc kcy to the cnigma of crustal 

dynamics-the science of matter and motion in the earth's crust. 

111 order to understand thc formation of the Platcau, we must first 

briefly consider the basic conlposition of this planet as a whole. 

The earth is structured rather likc an egg and consists 

fundanle~~tally of three spherical shells. Outernlost is a thin, 

rocky crust, enveloping a comparatively thick layer, or mantle, 

which in turn encompasses a central core. The crust, composed 

nlainly of layers of granite and basalt, has an average thickness of 
35 kilometers below the continents, but a mere 5 to 8 kilometers 

below the oceans. The mantle, which constitutes the greater 
part of  the earth's bulk, has a dividing line I ,000 kilometers 

below the earth's surface, separating it into the upper and lower 
mantles. Within the upper mantle is a layer of  low seismic 
velocity, about 60 to 150 kilometers thick. This is known 

as the asthenosphere. The temperature of this layer is extremely 
high and approaches the melting point of the substances present 

in it. Above the asthenosphere lies a strong surface layer of rock 
called the lithosphere, broken into plates of varying sizes. These 

~ l a t e s  are in constant motion, because they are affected by 
tectonic movements-movelnents which create folds and breaks 

in the crustal rocks. I t  is vigorous activity of this kind within 
the lithosphere and the asthenosphere that has played a major 

rolc in lifting up the Qiiighai-Tibet Plateau. 
Our scientific team included specialists in alnlost every branch 

of the earth sciences to study the upheaval of the Plateau. As 
wc collected specimens, sifted data, and performed experiments, 
our discoveries constantly made us modify or totally revisc 

I .  A drawlng of  thc Cboryh~m~~rrrr, w l ~ ~ c l l  l~vcd toward 
the end o f  the mid-jirrass~c pcriod. The anlmal stood 
about three mctcrs high and ~neasurcd al~nost seven 
mcters in length. 

2. In the Jurassic pcriod. 150 ~nillion years ago, thc area 
about the North Tibet pl~tcau and the Hcngduan nioun- 
tain region had already rlscn above the sea and was 
inhabited by dinosaurs. Here we see thc wcstcrn slopes of  
the Darrna La Mountains, in Qamdo Prefecture, slrc of  
the Changd~ua~rus fossil. 

former views. 
One of the first tasks we set ourselves was to determine the 

force of the gravitational field in the area, so that we could 
calculate the approximate thickness of the earth's crust and its 
state of equilibriu~n. 



Any Ia~ldrnnss cnn be likened to n block o f  \s-ood floating 
011 wntcr, o f  which the pnrt nbovc the water'> s ~ ~ r l n c e  i \  
supported by the buoynncy of  the part below it. W i t h  a larger 
block o f  wood, the s c c t i o ~ ~  exposed above the water will be 

g ~ a t c r  mid the portion submerged will be correspondingly 
dccpcr. This is Archinledc\' P r i ~ l c i ~ l e  of  Equilibrium. 
According to this principle. since the Qinghai-Tibet P l n t c n ~ ~  

is the Iiighc\t-lyi~lg piecc o f  land on earth, with nn ,lverngc 
clcv;ltio~l of4,ooo to j,ooo Ilietcrs nbovc sen Icvcl, the depth 

o f  the eruct down into the mantle benc.ith it  nus st be 
g m t c r  thnn that usu.~lly found under the contincntc. It wa\  
in L~ct  fo~111d to II IC. I \UTC 70 kilo~licters in the ccl l t r~l  p.irt of 

the Pl . l tc~~~i .  .~l~i lost  twice t11c 110r111nl tliickllc\s hc11c.ltl1 
colltincnts. Thic call be cxpl.lincd by the Llct that the Jcnsity of  
thc c.~rtl~'s crujt i c  ro to 20 percent less th.ui the ~ ~ ~ . l ~ l t l c  under 

it. I t  11.1s been verified tlint, in gc~icr,ll, the tliickncs, ~i the 

crujt bcncnth tllc Pl.ltc,lu is cx.~ctly in .I 3tntc olccl~~il ibr ium 
with thc hcigIit of  the P l . ~ t c ~ u  .~bove sc.1 Icvcl. 

What  puzzlcd LI> i~liti.~lly. I~owevt'r, WJS tl1.1t Q o I ~ I o I . ~ I I ~ ~ I ~ ~  
(Evcrc\t), whose p c ~ k  towcrs Inore thn~l  Y.ooo mctcrs .~bovc  sea 
Icvcl, lies nbovc .I crust only jo  kilo~nctcrs thick. Obviously, 
the "buoy.lncy" iorccs exerted by the crust pressi~lg illto the 
~n~luntlc. ~t this point arc il~suficicnt to support such .I huge 
rnou~lt.lin ~linss. But it W C ) L I ~ ~  be \vrollp to  S L I ~ ~ O S C  [hilt the 
n~ount.lin i \  \inking. O n  thc col1tr:Iry. surveys h.~vc 
th:~t, i l l  f ~ c t ,  the whole Hin~alnyi~n Kilngc is ri3ing. Its upward 
I I I O V ~ I I I ~ ~ ~ ~  111l1st rliercfore dcpcnd on  c s t r c n ~ c l ~  po\\rcrf~~l iorces 
pressing in troll1 the sides. W c  (ct up stnticlnj o n  both the 



~ l o r t h  and \out11 s ~ d c  o f  the H~~n.llny.l\  to  kccp .I c t l n t ~ ~ i u o ~ i \  

record o f  scl\mlc actlvlty i l l  thc .lrc.l. J I I ~  dll.lly\l\ of  tlic 

S ~ I \ I ~ I I C  WLIVCS co~lf i r~i lcd th ,~ t  trcinor\ In the \outhcrn p r t  of 
the Pl.ltc.111 wrre  i~ldcccl cau\cd rn.l~nly by 11orth-\outh or  

t~orthcnst-southwc\t l l o r ~ z o ~ l t ~ l  coInprcs\IoII. 

O u r  s e ~ s t ~ l o l o ~ ~ s t \  al\o \ct off .I \crlc\ of ulldcrwatcr csp lo \~on\  

in the decp l.~kcs on  the Plntcnu-111 .lnd around Lake Y ~ n l z h o g  

Yu~l lco ,  for exanlplc--thu\ crc.rtllig clartic waves, c n p b l c  o f  

rejist~ng conlprcsclon. By \tuJylng the propngntlon o f  these 

wave\ 111 d~ffercnt underground rock \tmtLl, we xverc able to  
study the deeper p.lrts o f  the I'l.ltcau'\ ctructurc. T h e  figures we  

obtained corre\pondcd with tho\c dcvclopcd by the grnv~t.ltion 

method ~ i l c ~ l t ~ o n c d  above. T h e  tc\t\ rcvcnlcd that the crust and 

upper 111n11tl~ under the Plateau I \  of nlult~laycrcd c o ~ n p o s ~ t ~ o n  

a ~ l d  that the area i i ~ l d c r g o i ~ l ~  the nloct rdpld \tructural change\ 
1s locdted in the touthcrn pdrt of  the Plntcau, whcrc c.~rthc~unkc\ 

are freqiic~lt 2nd hydrothcr~ilal act iv~ty I \  e x t r c ~ n c l ~  v ~ o l c ~ ~ t .  

W c  .~l \o carr~cd out  pnlcomag~ict~c rc\carch. Ava~lablc 

c v i d e ~ ~ c c  show3 that, throughoi~t  the cour+c o f  the ca r th '~  
devcloprncnt, the po5ltrons o f  the p ~ l c o ~ n n g n c t ~ c  polrc hnvc 

changed con\~der~bl~- -have  ~ndccd  reversed many t l m o .  

Igncou, rocks dnd certain , cd~~ncntnry  rock) at the time of t h c ~ r  

f o r ~ n a t i o ~ ~  incorporated some \ubsta~lccs that wcrc \ubsccluci~tly 
~llagrlctizcd by the cnrtll'\ field. M m y  o f  these rocks stdl retam 

their nlagnetlsnl. As fossils d o  by t h e ~ r  location, t h ~ \  magnctlslll 

provldes n g r o c l i r o ~ l o l o ~ ~  o f  the layers and the rocks, and I \  

thcreforc referred to  as "fossil I I I ~ ~ I I C ~ I ~ I I I . ' '  Tll~c lilagllctlslil 
records thc c o ~ l d ~ t i o n  of the layers and the rocks during certain 

geologic per~ods;  and consequcntly the po\itlonc of  the 
geo~nagnetic poles relat~ve to tlic locations o f  thc rocks can bc 
inferred. 

Any landtilass that originally bclo~lged to the \Arne binglc 
cont~nentnl o r  oce711ic criizt w ~ l l  havc identical p o ~ ~ t ~ o l l s  of  
paleomagnetic poles o f  a certain gcolog~c era, as rcprescnted 
by the magnet~zation of  a successioll o f  rocks In thcnl, though 
the land~nass may have dr~fted to  anothcr part of  the globe. 
Co~lscqucr i t l~ ,  the relat~ve s h ~ f t ~ ~ l g  of  d~ffcrcnt landmasses in 
various geologic eras can bc a\ccrtai~led by studying the 
~ l iag~le t i s~ i l  left In rocks. 

1 .  S ~ t e  o f  the fossils o f  Cathaysian flora: Sliuanghu. 
northcrn T ~ b c t .  In the North T ~ b c t  plateau and the 

Hcngduan ~noun ta in  region on the caster11 part of the 
Qingl~ai-Tibet Platcau wcrc found Iargc q u a ~ ~ t ~ t i c s  of  
fossil Catli'iysian flora, wl11cI1 lived zoo  nill lion years ago 
in the Pcrniian period. T h ~ s  sliows that long ago this rc- 
glon and tlic ealtern part o f  China wcrc one continent. 

4. Foss~lr o f  the thrcc-tocd Hippnriorr, which llvcd 10 
m i l l ~ o ~ ~  years ago, have bccn found in tlic Gyirong 

basin in southern T ~ b c t  and tlic I h ~ l u n ~  basin in nortlicrn 
Tibet. T h e  c l i ~ ~ ~ a t c  in thcsc basins tl1c11 was warn1 and 
humid. Hcrc \\,c scc a sltc wllcrc fossils o f  ancient anilnal 
boncs wcre found In the G y ~ r o n g  basin. 

5. A volcanic colic 111 tllc Kacrda volcan~c c111stc-r on tllc 
n o r t l ~ c m  periphery of the North Tibet plateau 





pole\ \\ crc gcncr.illv tlic \ . I I ~ ~ c .  t I o \ \ c \ . ~ r .  tllc I ~ I . I S I I C ~ I \ I I ~  
I 

rc~orctcL1 111 rock\ o ~ c ~ I - ~ c \ ~ o I I ~ ~ ~ I ~ ~  ~ C O I O ~ I C  c r . ~ \  t.ikc11 111 111ct1.1, 

t o  the* \ c~ l t l l  o f  tlic Pl.ltc.1~1, d ~ H ~ r c d  ni.lrhc~lly. TIN\ ~~~cl ic . l tc \  

tli.lt ~ h o u t  loo ~ i i i l l i o~ i  yc.lr\ .l$o thC . i ~ i c ~ c ~ i t  Eur.l\i.in continent 1 
\t.irtill$ frc,1i1 the region \vhcrc Lh.ii.1 i\ IIWV loc.ltcd, .111d the 

South  Abi.111 \ubcontincnt \\,licrc Indi.1 n o w  lie\. \vcrc o ~ i e c  

on t\vo co~itincnt. l l  pl.ltc\ \\!hich Iny Lir .ipnrt fronl onc  another.  

C.ilculLltioll\ sha\v th.lt the prc\c.nt S o ~ ~ t l i  A~i.ln \ubcon t i~ lc~ i t  

Fro111 1yh6 to  1908. .inel .ig,lin in 1975. \trntiSr.iphi\t\ .11ict 

t~.iIco~itologi\ts in o u r  tc.lm recovered fro111 the Pc.r~ni.un 

(.lhont 230 ~ i i i l l i o ~ i  yc.Ir\ JSO) I . ~ ~ c r \  in \ont l icr~i  Tihct.  

i ~ n n i c ~ i i . ~ t c l y  nor th  o f  the Hin1,1l'1y,1\. n I;lrgc q u ~ n t i t y  o f  f;)\\il 

CIosso~~t(,ris, \vIiilc in tlic Pcrnio-C. l rbonifcro~~\  (270 to  3 50 

million yc.Irs  go) I,lycrs signs o f  Sl.Iciation nlld fo\\il\ o f  I 
colci-\\~.itcr i.1~11l.l were  fou~icl. GIosso /~~or i~  i\ ;I gc1111\ o f  x e d  fern I 
\vitli tongue-\h.lpcd froncts \ ~ ~ h i c h  lived in mi ~unv.lricd cold o 

clim.~tc m o r e  tli.ln 200 niillioll year, .IS(>. U p  to  no\v, h i l s  o f  

thii S C I I U ~ ,  kno\vn .I> the C;o~idn~nn.~ pl.lnt group,  li:lvc bccn 

hullel  only  in the South Ati.ln \ubcontincnt. Au,tr.llin, Africa, 

the ,outhc.istcrli pnrt o f  South  America, 2nd Ant.lrcticn, in 

geologic 1.1ycr.i with slncicrs and ice-wntcr sctlimcntntio~i. T h e  

discovery o i  Glos r~~~ror i r  111 southcrn Tibet  prove\ tli;lt thi\ .rrc.l 

nnd the Soiitli A\i.~n \ubcont incl~t  bcloligcd or is~n. l l ly  to the 

s.1111~ c ~ ~ l t ~ ~ l c ~ i t . ~ l  pl.~te. t l i ~ ~ \  dci l~i i t i \~cly  . I ~ V , I I ~ C I I I ~  tlic ~ic>r thcr~,  

l i m ~ t  o f  tlic p.~lcogcogr.lpliic cll\,lrolimcnt. wli~cli  t i ) r ~ i ~ c r l ~  \\,.I\ 

k n o \ v ~ i  to cs i \ t  only in the S o ~ ~ t l i  Aii.111 \uhcontincnt,  hcyollcl 

tlic H ~ I ~ ~ . I I , I ~ , ~ I ~  1<\11isc to  the \ot1tl1L~r1i p l r t  of thy Q i ~ l g l ~ , ~ i -  

Tibcr l'l.ltc~.iu. 

13y rontra\t ,  in  the northern p.lrt o f  the 1'l.ltc.111 I.l)icr\ ot- 

~ o r r c i ~ > o ~ i e l i ~ l ~  period\, colltni11111g 1101ic~ o f  tlic ~ b o v ~ - ~ ~ l c ~ i t ~ o ~ i c c i  

geologic c\,idcncc. .lffordcci ~li\rc.ld .lbulid.lnt fi)\\~I\ ~ 3 i  

Ci~~c~rrrop~cris,  .I troplcal o r  \ubtrc>pic;ll S ~ I I L I \ .  It h . ~ \  hccn Ko1111ci 

cutcn\~\-c ly  in C.irhonifcrou\ . u ~ d  l ' c r ~ ~ i i . ~ n  I.lyc.r\ hoth I I I  ~ ~ o r t I i ~ . r ~ i  

a ~ ~ d  \ o u t h c n ~  C l ~ ~ n n ,  hc~ icc  i t \  ot1ic.r Ilnllic, C.~tIi .~y\i . i~i  flor.1. 



TITIS clearly indicates that about 300 tnillion years ago, w ~ t h  
the prcsc~lt-day Yarlung Zangbo a, thc dividing 11ne, the 
northcnl and southen1 parts of what 1s now T ~ b e t  had totally 
diffcrcnt cltnlatic condit~ons and equally dist~nct forms of l~fe. 

From these discoverlcc the following conclusions can be 
drawn : 

F~rst, that the Platcau Ir made up of two separate landmasses 
which once lay some 6,000 kilometers apart. They were joined 
together in the southern part of the Asian contltlent and t h r ~ r  
suture line runs cloqe to the Yarlung Zangbo. - - 

Second, that the northern portion of the Plateau has always 
been part of  the Eurasian contiilent (also referred to as Laurasia), 
111 the northern hemisphere. Its southern portion, however, was 
once part of the South Asian subcontinent that includes the 
Indian peninsula. Originally located in the cold southern part 
of the southern he~nisphere, it was at one tiine part of a huge 
continent known as Gondwanaland, which included Australia, 
Africa, Antarctica, and the southeastern part of South America. 

Third, that less than 200 million years ago, Gondwanaland - 
broke up into fragments which subsequently drifted in vanous 
directions. The northernmost part moved north across the 
Equator to merge with the Eurasian continent, thus forming the 
present-day South Asian subcontment. The northward 
movement of this landmass exerted horizontal forces whose 
pressure caused the elevation of the Qinghai-Tibet Plateau. 

Let us have a closer look at the process of  the Plateau's 
upheaval. 

Fossil evidence in layers of sedimentary rocks indicates that 
the Qinghni-Tibet Plateau has a relatively short history of 200 
p nil lion years, co~~st i tu t~ng only 5 percent of the earth's history. 
Before that tinle the area now occupied by the Plateau was a 
vast green sea. Here, in the warmer shallows of the northern 
hemicphere, flourished corals, fusulinids, laniellibranchia, and 
other invertebrates. Meanwhile, the shallow seas around the 
northern part of Gondwanaland, later to become the southern 
part of the Plateau, were still a stretch of frigid waters in the 
southern henlisphere and yielded little in the way of  plant life. 

Late in the Triassic period (190 to 225 million years ago), 
the region covering the Kunlun Mountains and the eastern 

7.  Our rcscarcli tcam liiaking grav i l~ i c t r~c  
surveys in tlie Hllnalayan rcglon. 

8.  Mcasuring ~ n a n - ~ n a d c  sliock waves is like 
taking an X-ray picture o f  tlic cartll. B y  
scttlng off slnall cxplosivcs about Lake Yalli- 
zhog Yunico, and analyzing tlic variations in 
t l ~ c  rate o f  propagation o f  clastic w a v n  
through d~ffcrcnt klnds o f  rock Iaycrs, w e  
were ablc to  learn about the co~npositioli and 
structure of thc I'latcau below its surface. 



Geologic Time Scale and Evolutio~l of Life 

Era Periods Epocln Million yean 
and systc~ns and series before present of life 

Holocene Modern nlan 
Quaternary 

Cenozoic 

Mesozoic 

Paleozoic 

Proterozoic 

A r c ~ o i c  

Tertiary 

Cretaceous 

Jurasric 

Plioccnc 
Miocene 
Oligocene 
Eoccne 
Paleocene 

Birds 

Carbon- 
iferous I 

Triassic 

Pern~ian 

Devonian 

Silurian 

Ordovician 

Cambrian 

180 -- 

z z j  - 

Continental Fishes 
Cryptogamia 

Reptiles 
Gymnospern~ae 

Invertebrates 

Sinian 

Pre-Sinian 

part of the Jinsha River began to emerge from the sea. Here, 
in the hot and moist low-lying coastal land, ancient ferns and 
Cycadaceae grew thickly, mixed with tall Ginkgoales and 
conifers. Then. 50 million years later, in the mid-Jurassic period, 
both the area north of what is today the Gangdise Mountains 
and the Hengduan mountain region east of the present Nujiang 

I 

Initial Stagc of 
Devclopmcnt of the Eanh 

r o o o  ? - 

3400 ? 

4500 ? - 
6ooo? 

Algae ? 



River bcgan to rise out of the water. Vegetation differed slightly 
from that seen earlicr on the continent. But the dnosaurs, 
rcprcscntative of the vertebrate reptiles, attained unprecedented 
size for land animals, among them the giant sauropod, which 
browsed by the shorcs and in swalnps amid trees and reeds. 

After another jo million ycars, the mid-Cretaceous ~e r iod ,  a 
huge transforn~ation took place. Gondwanaland, far in the 
southern hemisphere, split into several plates. Hot magma surged 
up from the asthenosphere to intrude into the widening rifts and 
then solidified in the fissures. The presence of this rock created 
horizontal forces which pushed the already separated plates of 
Gondwanaland farther away from each other. The space 
between the plates eventually became the Indian Ocean, and the 
fissures on the continent took the form of deep saddle-shaped 
trenches between high submarine ridges stretching across the 
ocean floor. 

Of  the plates which detached themselves from Gondwanaland, 
the northernmost one, later to become the South Asian 
subcontinent, now "floated" north, forcing the denser and - 
thinner oceanic crust of the Tethys Sea north of  it to underthrust 
the thicker but less dense Eurasian continent along the line 
formed by the present Gar River and the Yarlung. Con- 
sequently, the Tethys Sea shrank in area, and the distance 
between the two continents decreased. This pressure from the 
south and the continuous remelting of the oceanic crust as it was 

- 

thrust under the Eurasian continent produced intense agitation 
within the earth's crust and mantle, which in turn caused faulting 
in the rock layers to the north, along with violent eruptions and 
extensive magma intrusion. (The ~nulticolored volcanic and 
intrusive rocks forming the bulk of the Gangdise Range today 
were laid down at that time.) As a result, the crust grew steadily 
thicker and its surface was pushed higher until it finally stood 
above sea level. This period is referred to as the first phase of  the 
Himalayan upheaval. 

On this vast landmass, tall subtropical evergreens and 
broadleaf trees rose to dominance. The dinosaur, which had 
reigned supreme in the middle of the Mesozoic era, became 
extinct and was replaced gradually by mammals capable of 
controlling their body temperature. 



The South Asian subcontille~lt still pressed northward. It 
ultimately annexed itself to the Eurasian continent about 40 
nlillion years ago, at the beginning of the mid-Eocene epoch 
of the Cenozoic era, when the lithosphere of the Tethys Sea 
had gradually melted away in the process of its underthrusting 
into the Eurasian continent. Because the density and thickness 
of the two conti~lents were virtually the same, no further 
underthrusting was possible, so they now met head-on. The 
tremendous collision compressed the accumulated sedimentary 
rock layers overlying the ocean floor into complex folds, so that 
the last remaining denser crustal material at the bottom of the - 

Tethys Sea between the two plates was squeezed up along the 
line of collision to form a 2,000-kilometer-long ophiolite belt, a 
type of rock structure composed of ultrabasic rock, basic 
rock, basic volcanic rock (pillow lava), and radiolarian siliceous - 

rock. This widespread faulting activity was accompanied by 
another intrusion of magma, and the Gangdise Mountains were 
thus built up. This was the second phase of the Himalayan 
movement. 

South of the Gangdise Mountail~s, the climate was mild and 
humid. Eucalyptus, ficus, and other broadleaf evergreens grew 
prolifically. These forests were later buried in shallow basins and 
eventually turned into coal. The climate north of the mountain 
range was hot and dry, and the waterless inland lakes held 
only red bed deposits of oxidized ferrolnagnesian minerals and 
thin layers of gypsunl. 

The ridges on the floor of the Indian Ocean continued to 
spread, but the northward advance of the South Asian 
subcontinent was greatly arrested by the Eurasian continent. 
Stress accu~nulated slowly and imperceptibly on the now fused 
continent. Then, about 20 million years ago, in the mid-Miocene 
epoch, the pent-up energy was released. The folded rock layers 
became more compact. Along the central part of the present 
Himalayan mountain region, the crust fractured and a huge fault 
zone more than 2,000 kilotneters long appeared, known as the 
main central fault. Along this fault line and also along the 
contact plane of various rock layers elsewhere, a series of 
thrusting and sliding movements occurred during which the 
older rock layers were pushed up to overlie the younger rock 
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9. A fossil of the w m m n  Clormptcrfs, a seed ID. A fanil of natrowkpcd GtMyM,  . 
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strata. The friction caused by this ovcrsliding led to thc 
remelting of  rocks in the crust; magma erupted dnd sct, 
producing a rock called tourmali~~e-granite, 

Under this tremendous thrusting and compressing, the nlighty 
arc of the Hilnala~an Range took initial shape. The l a ~ ~ d  north 
of the range further contracted horizontally in a north-south 
direction, thus thickening the crust and forcing its surface 
higher. All this marked the third phase of the building of the 
Hilnalayas. 

During the Pliocene, the last epoch of the Tertiary period, 
relatively little tectonic activity took place on the Plateau. In 
the northenl and southern parts of Tibet and in certain ancient 
lake basins on the south face of the Himalayas, animal fossils 
show that large herds of lnalnn~als such as the Hipparion (three- 
toed horse), Chilotheritrtn, giraffe, muntjac, hyena, and gazelle 
roamed in dense tropical and subtropical forests of palm, 
bamboo, niountain walnut, and oak, or back and forth between 
forest and grassland. This indicates that the surface of the 
Qinghai-Tibet Plateau had not yet attained a very great height. 
Fro111 the geologic position of the Plateau, together with the 
elevation at which fossils of the Hipparion in north China have 
been found, it can be deduced that the height of the Plateau at 
that time was about a thousand meters above sea level. 
Similarly, the Himalayas were not yet high enough to obstruct 
the migration of these herds of Hipporion. 

The Pliocene epoch lasted about 9 million years, and toward 
its end the clilnate on the Plateau turned cold. Almost 3 million 
years ago, the Pliocene epoch and with it the Tertiary period 
ended with violent tectonic ~novements, and a new period, 
the Quaternary, was ushered in. During this time the Indian 
plate thrust down northward along the main boundary fault at 
the southern foot of the Himalayas. The Plateau, like a 
gigantic wedge inserted between the rigid Indian peninsula 
and the Tarim-Alashan landmass (which enco~n~assed the 
present southern Xinjiang, northern Gansu, and western Inner 
Mongolia), was pushed up. 

Owing to this renewed activity of its older tectonic fissures, 
the lifting of the Plateau varied greatly from  lace to place. 
The Himalayas rose highest, reaching abovc the snow line, and 



gl lclcr\ nppenrcd Some nrcn\ bctwcen the I~lountalll rangcs 
5Llb\lClCd nlollS thc r ~ f t  to form rcl.ltlvcly dccp ba+lns, crcatlng 
new ~nland  lakes I>ur~ng the whole Quaternary ~ c r ~ o d ,  the 
pIlcnomcnnl Ilft~ng of  the Plntenu wn\ nccompanlcd by uneven 

I l l t c r n n l  vcrt~c.ll mc~vc~ncnt \  w h ~ c h  absorbed and dlztr~buted the 
ctrc\\ b u ~ l t  up by the pcr\l\tcnt sprcadlng of  r~dges o n  the bed 
of  the Indlnll Ocean T h ~ s  tccto111c moven~crlt  undoubtedly 
t t i ~ l l ~ ~ [ n t c d  the mngmn 111 the crust dnd tllu, Induced v~olent  
I ~ ~ d r o t h e r ~ l l n l  nctlvlty on nn cuten,ivc scnlc In thc southern 
reg1011 of  Tlbct 2nd c o n t ~ n r ~ c d  volcan~c actlblty In ~ t s  northern 

part. 
Affected by the cyclical changes In cllmntc nrour~d the 

durlnS tllc Q~~.itcrnnry per~od  the Platcau alternated 
bctwcc~i  hot 2nd cold. It t l ~ r o u ~ h  at least three Ice ages, 

d u r ~ n g  w l i ~ c h  numcrou, glac~crs formcd. Thc  Ice age5 were 
~ l l t c r \ ~ c r \ c d  w ~ t h  rcl.~t~vely warmer i~ltcrglaclal per~ods, and the 

southcrn part of  T ~ b c t  even dcvcloped red sods, which lndlcate 
a wnrm cllmnte. 

E V I ~ C I I C C  of  ~ L I I I I . I I ~  actlvlty datlng back at least t o  the latter 
period of the Old  Stone Age, ~ n c l u d ~ n ~  prlnlttlve stone 
I I ~ ~ ~ ~ C I I I C I I ~ ~ ,  llns bccn found In the bouthern part o f  the Plateau. 
From the end o f  the last Ice age to about ro,ooo years ago, 

the cl~mntc of  the Plateau grew warmer The  reglon wab now 
habi t~blc,  and ~ n l ~ l c m e n t s  belong~ng to the M ~ d d l e  Stone Age 
I I ~ I V C  been d~\covered In both the southern and northern areas o f  
thc Plateau. F~ner  than their predecestors, thelr shape and 
1110dc of  ~ l ~ a ~ l ~ ~ f n c t u r c  arc rlrn~lar to  thobe o f  the same p e r ~ o d  
recovcrcd in the Huanglie (Ycllow R ~ v e r )  bas~n. 

The P l a t c ~ u  IS stdl rlslng. W ~ t h ~ n  the last hundred years, 
four ea r t l~~unkeb  cxcceding etght on the Rtchter Scale have 
occurred on the Plateau and along ~ t s  perimeter. In 1951, 
rcncwcd volcan~c eruptlolls took place In the reglon o f  the 

Kunlun Rmge.  Repeated recordings receiltly nlade o f  the 
water level In the southern part o f  the Plateau show that this 
l and t~ la~s  I S  betng elevated at the rate o f  3.2 to 12.7 centlnleters 
a year. 





18. Ocular gneiss, an ancient metamorphic 
rock that forms the base of the Himalayan 
Owing to the rising of the mountains, thi6 
rock now appurs on slopes at high altitudes. 

15 Ridged layers of the Cremxow period, 
with intricate drag folds and cleavage pkacs, 
found in Xigaze in southan Tibet. Thsir 
axial surface slops south, indicating chirt 
they had been formed by the rremsndow 
horizontal pressure applied during Ihe rod 
lision of the Indian and Eurasian plates. 

The Yarlung Zangbo 
Ophiolite Group: 
flustrations 



u- Ophieiio-doeadcdagahb~ric u. Thtpcedh rthrcrarr, gipm &e-e of a. This redioldau siliceous roek, f d  of 
mrmrmhd % htndb p%w lam. was h d  by a V O ~ ~ E  e m p  d e e p  &cnn. wu pushed up along with 

= ~ ~ ~ ~ w e r t d p ,  d o n a t ~ b o c c o n ~ d d u l " & y s ~ a . ~ i a  a l b ~ r o & o f k + o b p u p d ~ g t h ~  
videat tk- d o n .  usually dark red, apkavpl of tho Himilayu. SiIiccrow rack is 

u r d y  whitish. - 



24. ~Odltho110LU mek. crmtfc b h k  
transported fmmr rhe finway s o d  and M 
on the southern side of the ophiali* ~ o s e  
after the c a m  of Ae hbt and tgr 
Eurasian plam. Thc white d o n  is Bmrrhn 
limeot011e md below it ir l h s s k  uosaeeorrc 
shale. 

as. This ir a complex paumuhk of C h  
~ ~ C C O U I  Bysch, ,.nothot typc of r-nodc bIodti 
whorc periphuy ir & f iqpcnd d 
c o n t o d ,  Its pazddm co& hw -baar 
depwiad by water msdng doow d ~ &  
v i 0 l U n t d t ~ 0 ) l r h t f ~ a  - 





3Q. The QhlghrC%het Phtcaa u d&& 
The latest tadcmoatrcmtcnuEd a & 
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T l i c  ovcrwhr l~ i i i~ lg  sizc r ~ i d  cc~~i ip lcs  fc>r~~is  of  tlic gl.lcicrs 

o f  Tihct mid their .~ccolnp.lnying p11cnn1ncn.1 ni.ikc the 
Qi~iglini-Tihct Platcnu .I nlngnificcnt world o i  ice. The Q i ~ i ~ l l . l ~ -  

Tihct Pl.itcau ic the most clc\~clopcd region of  modcrli gl.lcicry 

to  be fou~id  in the ~iiiddlc to lower I .~ t i tudc~  of  the globe. Tha 
Nyainclc~itnnglha R. in~c ,  to the north o f  the niiddlc section 

o f  the Yarlung Z'111gbo v ~ l l c y .  11.1s nlorc thali 5,000 sqii.lrc 
kilo~nc.ters of  glaciers .ilo~ic, \\.liicli escccds by far the glncinl arcn 
of ' thc European Alps. The lcongbuk :uid Kongbu glncicrs o n  

Mount Qonlol.11lgln.l. .ind the Ycbork.lngjlc glacier to tlic north 
o f  Mount Xix.1ba11gm.1 .ire nll o f  considcrnblc sizc. Ice pinnncles, 

ice c.l\-crns, and dazzling gI.~cicr lakes nrc unique Inndjcnpcs of  
the Platc.irr's gl.lci.ll nrens. The ice piiin.lclcs here arc fnr more 

specr.lcul.lr tli,in thc snow dunes of  the Andes of  South America. 
Whcrc;i, the I.ltter nre formed by melting nevc snow (the 

partially compnctcd grnliulnr surtlncc Inycr) n~ id  last only one 
to t\vo ye.irs, the for~iier nrc slinpcd from glncinl ice by the 

intense sunshi~ic of  the nrcn 2nd mny rclnain standing for as 

It mny teen1 ~urpris i~lg thnt ~Incicrs lie nt such low Intitudcs, I AII)III~ 11111\\ ( . / i , r~rt / t l )  are\\\ 2,ioo t o  4.2~10 Illcrcr, 

for the P ln tcn~~ i \  .>bout on n level with the lower Mississippi ~ I ~ O V C  w.1 lc\,cl 0t1 g I x l c r \  111 ~I~I~II~~.I\IC~II 111)cr l r  ~1111g\ 
10 b ~ t \  o f  \OII or g l . l r ~ c r  \C<IIIII~II~. ,111~1, h c 1 1 i ~  CCII~\I.III[~\ 

River or North Africa. The csplnilntion lies in the topogrnphy ,,,II,,I ,, ,,,,,, ,I,, ,,,,, ,. s 1  ,,,,, ,,,,, 1 ,I,, ,,,, c,,, 
of the .I~c.I. created bv the violent lifting U D  of  the Plntenu. ~ ~ ~ c l t \ \ , ~ t c r .  g r < > \ \ \  111 ,111 IIITCT~IOII, .III'I I>C<OII,C\ ~.III- 

0 L 

and the i~ltcnscly cold climate resulting from tlie tremendous 
elevation. Mdny mount.lins here arc above the snow line, thc 
line .ibove which 5olid prccipitntion such a, s11ow n~id hail - - 
nccumulntcs from year to year. Glaciers occur exclusively in 
~nountninous regions above thc snow lillc. Moilntains below the 
snow line only c.lrry scasonnl mow. The snow linc of  Mount 
Q o m o l a ~ i ~ ~ i i n  is .ipprosimatcly 5,800 to 0,000 mctcrc above sen 
Icvcl. but the ~iiountain rice\ j , m o  meter, .lbovc the wow linc, 
wlicrc SIIOM. acc~1111i1lntcs 2nd glncicr5 or igi~~ntc.  Consta~it 
~ V ~ I . I I I C I I C \  of  \now from the slope\ fccd tlic upper renches of  
the glaciers, 50 that the 5urf.lcc I~lyers of  ice .lnd Anow Srow 
incrcn\i~igly thickcr. Ulider thi5 weight. tlic glncicr5 hesin to 
slidc, entering tlic v;illcys like tor~guc, of  m o v i n ~  ice. Th;it part 
of the glacier below the \ n o w  lilic i \  wlicrc the ice melt, 2nd 
evaporates (tllc ablntio~i zone). Bccau\c ablation and  intake of 
ice at tlie glacial to~iguc ;1rc generally in ~ ~ u i l i b r i ~ ~ r n .  the 



positions of thc tcrmini of the glacicrs are fairly cotlstant. 
Glaciers begin as solid prccipitation and turn into lneltwater as 

thcy approach thcir tcrmini. 
If the formation of glaciers on the Qiqhai-Tibet Plateau 

dcpcndc upon thc high altitude of the terrain, then the amount 
of snow that falls detcrmincs to a largc extent the character of  
thc glacicr. An analysis of rainfall data developed by the 
expedition in various parts of the Platcau showcd that the 
Hinlalayas nre in effect a huge barrier that arrcsts the wet 
lilonsoons of the Indian Ocean from the south, leaving the 
interior of the Platcau extremely cold and dry and snow ac- 

cun~ulation on the glaciers very scant. The water equivalent of 
thc annual snowfall here is generally only 500 to 800 nlilhneters. 
Such a thin laycr of snow melts rapidly in thc sulnmer. In - .  
such circu~nstances, it is only in very high altitudes, where the 

. - 
tenlperaturc is very low, that perennial snow can stay and 
glaciers nppcar. C ~ n s c ~ u c ~ l t l y ,  the snow line is normally high in 
the cold and dry interior of the Plateau. 

The snow lint on the northern slopes of  the Himalayas 
and thc Ngari Prefecture in western Tibet reaches 6,200 meters, 
the highest yet found in the northern helllisphere. The glaciers 
herc exist o111y because of the extremely low temperatures. They 
arc therefore referred to as cold or continental glaciers. 

In sharp contrast, snow falls in abundance in the vicinity of 
the bend of the Yarlung Zangbo in the southeastern part o f  
Tibet, owing to the influence of the Indian Ocean's nlonsoons. 
The annual layer of 11eve snow in this part of  the Plateau 
often reaches 2,000 to 3,000 millimeters in water equivalent. This 
substantially lowers the snow line. In the Bomi-Zayu area in 
southeastern Tibet, the snow line is frequently between 4,500 

.igaln*r cadi otlirr.  Ic.lvlng glacial \trl.irloll\ b r l i ~ n d .  
T yp~cally tl lr\r arc .lrc-<luprd, ~ C C ~ U I C  tllc tic)\\. o f  a 

to 4,800 Ineters, lllore than I ,000 meters lower than in the 
:Iac~rr I\ I I I ~ I C I ~  >Io\\,cr tlia11 t113t (1f a n v r r .  Qomolang~na region. Although the mountains here attain an 

elevation of only 6,000 meters above sea level, their peaks rise 
suficiently above the snow line for glaciers of  immense 
proportions to form. The Qiaqing glacier. for exan~ple, on the 
southern slopes of the Nyainqentanglha Range northwest of  
Lake Yiong, is 33 kilometers in length and about 172 square 
kilometers in area, making it a major glacier on the Plateau. 



The ice covering this region is formed at a temperature not 
far below its ~ n e l t i n ~  point, so we describe the glaciers as 
temperate or maritime. Owing to the higher temperature of the 
ice, its pronounced plasticity, and its larger volume, the velocity 
of these glaciers is greater than that of the continental type. 
Whereas the flow of continental glaciers generally does not 
exceed roo meters a year, temperate glaciers in southeastern 
Tibet have been recorded as moving at a rate of 300 to 400 

llleters a year. 
At present, the maritime glacier standing at the lowest 

altitude is the Abzha !glacier of Zayu in southeastern Tibet, 
whose terminus ends 2,400 meters above sea level. The mean 
annual temperature here reaches I I O  C, making this a 
montane subtropical forest zone where corn, tea, bamboo, and 
similar vegetation flourishes. O n  the maritime glaciers there 
thrives a varied comnlunity of organisms, including snow-algae, 
mosses, ice worms, and springtails. These denizens of the 
glaciers have developed their own natural defenses to withstand 
the cold. 

The glaciers of the Qinghai-Tibet Plateau act as reservoirs of 
frozen water. They are the fountainheads of several large 
rivers: the mighty Changjiang (Yangtze) emerges from the 
Jianggen Dirunan glacier of snowcapped Mount Geladandong, 
and the Yarlung Zangbo has its source in the Jiemayangzong 
glacier. With the advent of summer, the glaciers "turn on their 
taps," releasing meltwater to swell the rivers and streams. The 
roaring torrents of ice and meltwater converge to for111 the 
Changjiang, Huanghe (Yellow), Indus, and Ganges-all of 
which have nourished civilizatio~ls of the East since antiquity. 

3 .  In runilncr the glacicrs mclt at diffcfrrc~~t rates. The 
mcltwatrrs converge in the lower arcas to form glacial 
lakes. Shoots o f  icc stand In the water, in which  lankt ton 
is found. 

4. Melting ice at the tcrln~nus o f  rhc Aniugang glacier. 







5 .  Tls Western Rongbuk glacicr below 
Mount Qomolat~~a~a (Evcrcst). 

6. Ice pinnacles at the tcrn~inus of the Central 
Rongbuk glacicr. Tllc Platcall's drv clit~~stc. 





8. The Amugang glacier on the southern 9. Tho mid& d m  of the &CI, ro. A n 4  
slop- of Mount Mutag, highest peak of the a typical mPtiumo &cier, ~cQx(LI  a m i d  5 

Kunlua Rar~ge, is a typical continental glgacr. conifer and brordkd forest at % p ~  mctas & &&"s dW&@WM. - - 

Its lowest point is 5,480 mems above sta above sea level. 
levd. 
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xj.ahhgSci.1 tmpcbuceoduldtheadgeof 16. The vdacity of a mscirime glacier in- 
a p d p k  - u g k r 5 e r 1 v u h h .  &e crtasm at the wion w b  ohc ghcCnred 
ice Eallcoo Wow ad, if it accmndatar, Vgtp dopa rhPeply, to fonn a $cia 
bemmurnahagbdu.~5bi,ypcblt~onn Gasaae, 
nrnqKndadgkdu. 





v. Rach at the h r n  d the moving 18. Itarila glacier is on a peak 6,500 meten * 
glncGt tat down into the bedrodr. h some above sea level in southern Tibct. It hns ad- 
phacad* + badrock, rhopad by glaciur v d  twice, once 3.- ycan ago and again 
o-g, the bado of a Bock of in tho nincrcenth century. l"hc present rureat 
drapandkam is givaathr- 'ihepback cf the glaucr show that the climate on h e  
m&" or ehu moutomill~. P b u  in recurt rimm hw become warmer 

and drict. 
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m e t w e e n  the H i ~ ~ l a l a ~ a s  and the G a n g d i ~ e - ~ ~ a i n ~ c ~ ~ t ~ ~ ~ ~ ~ I I ~ a s ,  

extending for 2,000 kilonleters from the Sengge River 
valley in the west to the fringe of the Hengdun~l Momltnins 
in the east, lies a renlarkable strip of territory unlike any 
other in China. Formed as a consequence of the great 
Hi~nalayan nlomltain-making movement that begnil 70 million 
years ago. it is known as the Himalaya~l geothermal belt. 
A geothermal belt is a strip of territory in which the internal 
heat of the earth is conducted to the surface and released above- 
ground througll the actioil of volcanoes, geysers, boiling 
springs, and similar phenomenn. 

The presence of a strip of this kind in this part of China 
has long been suspected by geologists. Such a belt extends west 
of the Qinghai-Tibet Plateau through Iran, Turkey, Greece, 
and Italy. Another reaches east of the Plateau, running through 
Yunnan Province in China and south through Burnla to - 
Malaysia, where it joins the great geothernlal belt that rings the 
Pacific Ocean. It wasmnly logical to think that there must be 
a link between the Mediterranean belt and the Yunnan-Burma 
belt. All it would take to connect the two would be a relatively 
short strip running across Tibet. 

Evidence of geothermal activities on the Qinghai-Tibet 
Plateau has existed since the end of the nineteenth century. 
Reports of a few western investigators tell of volcanoes in 
North Tibet and hot springs in South Tibet. But there was no  
thorough scientific study of the area until 1973, when the 
Ctunese Academy of Sciences launched its research program. 
Between 1973 and 1976, teams of scientists made four 
expeditions to different parts of the Plateau, spending six months 
in each, questioning the local inhabitants and exploring the 
region in an attempt to confirnl the existence of geothermal 
activity. 

Our research was amply rewarded. While we discovered no 
volcanoes in southern Tibet-a puzzling fact not yet fully 
explained-we found no fewer than 600 areas in which heat 
from deep inside the earth's crust is diffused aboveground in the 
form of hot water or steam. This is the greatest concentration 
of active hydrothermal districts yet found in China. It includes 
every known type of hydrothermal activity: hot springs and 



pools, boiling spouters, boiling springs, funlaroles (crevices 
through which hot gases arc relcased), geyscrs, and hydrothermal 
explosions. These last two arc rare geologic phenonlena of 
great scientific and potential economic value, and they occur 
in only a very few places in the world. "Old Faithful" in 
Yellowstone Park is the 111ost L~~nous  geyser, and only the 
United States, New Zealand, and China have all the phenomena 
listed. Iceland has all but the thcrmal explosions. Generally, 
geyser eruptions must measure 3 meters (almost ro feet) in 
height to be counted. 

There are three geyser districts in Tibet, all of them located 
in the valley under the southern slopes of the Gangdise- 
Nyainqentanglhas. The Takejia geyser district of Ngamring 
County, with four vents, is the largest. The survey team 
members who visited the district in July 1975 enjoyed a 
spectacular sight. The geyser is at the foot of a snowcapped 
mountain that rises 6,000 meters above sea level in the middle 
of the Gangdise Range. As we watched in this dramatic setting, 
a jet of water and steam, about 2 meters in diameter, suddenly 
burst from the ground before us amid thunderous roars and 
shot up to a height ot-some 20 meters, white vapor rising above 
it for another 40 to 50 meters. This was followed by sheets of 

I .  ~ l ~ ~ ~ ~ ~ ~ l ~  Kau Ilydrorllcrnlal district is  4,400 hot rain, which fell on those of US who were not quick enough 
mctcrs above sea Icvcl. ~t i5 infcstcd with an astonlqhillg 10 get out of range. Then a rainbow appeared. Before we had 
nunibcr of snakcs, llving proof that thc Platcau was once 

at a mucl~ lowcr clcvation. Only ~ I I C  warmti1 froln the tilne to ~narvel at the sight, the water and steam shrank back 
gcyscrs and funlarolc5 cnablcs thcln survive ln the gradually until both disappeared. Silence prevailed once more. 
arca's present frcczing clilllatc. 

Geysers are known for their sudden eruptions, great 
~llonlentum, and alternating periods of ejection and quiescence. 
They are generally found in so-called sinter terraces, which have 
been formed by the accumulation of silica deposits from the hot 
water. (An enormous amount of silica is present in the water of 
certain high-te~nperature springs. As the water evaporates and 
cools off, the silica for~ns sinter, some of which may eventually 
change into agate.) The geyser's action is produced by a kind 
of boiler system beneath the terrace. The principal part of the 
system is an underground reservoir into which water seeps 
through crevices in the walls. Through passages that are in 
con~~nunication with heat sources deep in the earth's crust, hot 
water and steam are transferred into the reservoir, which is 



connected to the vent aboveground by a duct..Whcn the water 
accunlulated in the reservoir rcache~ the boiling point and 
expands into steanz, pressure ill the resrrvolr cscccds tlic 
nnnospllcric pressure in the duct. Thus t11c watcr is forced to 
the surface, and the geyser erupt\ until the reservoir is empty. 
Thai all bcconles quiet again. Thr i~~filtration of iuore hot 
watcr into the reservoir start< tlic process all over again. 

A hydrothern~al csplosion is an even rarer and more violent 
phenomenon. It occurs when hot subterranean water, lying 
relatively clow to the earth's ~urf.xe,  is converted into steam 2 

by a sudden i~lcreasc in heat, owing to nlovellients of the 111aglna 
in the depths of the earth or to n seismic shock. T l ~ e  steal11 
erupts through the grou~ld Into the air with enormous force, 
carrying with it i i~ud,  sand, and rocks. 

There are ten known explosion districts in the Himalayan 
geothermal belt. Unlike geyscrs, explosions do not occur at a 
relatrvely fixed place or  time, and in any given district they 
vary in frequetlcy. They may occur as often as a dozen tiines 
a year or as seldom as once in several decades. Since their 
pattenl is ur~predictable, and since few people live near the 
districts 111 question, hydrothernlal explosions are not often 
observed. One that was observed occurred on November I 2,  

1975, in the Qupu hydrothermal district on the southeastern bank 
o f  Lake Mapa111 Yunlco. Some eyewitnesses, who were standing - 
on rhe far side of the Za Rlver several hundred meters away, 
told members of our expedition what they had seen. They heard 
a terrifying boom and saw cattle and sheep grazing in the area* 
scatter in all directions, while Qupu was wrapped in billowing 
fumes. tj colunm oh black vapor shot Boo or goo tneters into the 
air, turned into a bank of black clouds, and drifted away; 
then rocks fell to the ground, some landing at the very feet of 
the onlookers. 

The craters created by hydrothermal explosions bear nlute 
witness to  the awesome events that have taken place. In the 
initial period afker the explosion, the crater has the shape of 
an inverted bell-wider at the mouth than at the base. It is 
filled with boiling water, which, cooling with the passage of 
time, eventually becomes a warm-water pool or lake. Some of 
these bodies o f  water are very large. In the Qupu hydrothermal 

2 .  The watcr f r o ~ n  a hot spring in the Hcngduan MOLIII- 
rains has a "cry liigll salt colltcnt. The local pcoplc dry 
thc spring water In t l ~ e  sun to obtain salt. 

3 .  Liquid steam-a ~nixturc o f  hot wntcr and stcalll- 
erupting from a well dr~llcd in tllc ~ a n ~ b a j a ~ ~ ~  hydrothcr- 
lnal district near Lhasa. Tlle fir51 liquid-steam gcothcrl~lal 
power station in C h ~ n a  began operating in October 1979. 



district, we saw a warm-water crater IOO meters in diameter 
at the orifice, surrounded by 12-meter-high banks of mud and 
sand that had been thrown up by the explosion-one which 
must have been far greater than the one witnessed in 197s. 

Nearby were Inany smaller hot-water ~ o o l s ,  sparkling like 
sapphires in their settings of white siliceous sinter. In some, 
the surface of the water was as smooth as a niirror, while in 
others it scethed incessantly. The slightest breeze wafted vapor 
all around, screening the pools behind mists of steam. 

In the Yangbajain thermal field of Lhasa, we visited a hot- 
water lake with an area of 7,350 square meters and an average 
temperature of 50" C. O n  sunny, windless mornings, a 
huge column of white vapor floats up from the azure waters to 
the azure sky, against thc distant background of the magruficent 
Nyainqe~ltanglha Mountains. The imaginative Tibetan ~ e o p l e  
call this large hot-water lake the tea caldron of the mountain 
god of Nyainqentanglha (the Tibetans brew their tea in great 

quantities). 
When a high-temperature pool is in a later stage of develop 

ment, the hot water overflowing the orifice evaporates quickly 
in the dry climate and intense sunshine, leaving layers of 
mineral deposits around the vent. (Sulphur is obtainable from 
hot water and vapor in many of the high-temperature districts 
in Kau.) This constant action thickens the sinter terrace, 
reducing the likelihood of another explosion. Moreover, our 
research team found that in certain pools the deposits 
accumulate more rapidly around the rim of the opening than 
around the pool walls, so that the top gradually closes in like 
the mouth of a jar. This suggests that the water-filled crater 
may eventually develop into the type of underground reservoir 
found in geysers. The research team concluded that an 
explosion represents the early stage of a high-temperature 
hydrothermal action, while a geyser signifies a matured stage 
of that action-the two phenomena are closely related. 

We  saw many other striking manifestations of hydrothermal 
activity in the Himalayan geothermal belt. The boiling spouters 
of Namling County, for example, emit endless jets of water and 
steam; the Rugyog fumarole of Saga County sends up vapors 
and gases as scorching as the breath of a furnace; the Burong 



boiling s p r i n ~  district o f  Danlxung County has dozens of  vents 
with constantly seething water. 

Thcsc vigorous hydrothermal activities, which would secm 

to be o f  only scientific interest, suggest the practical possibility 
o f  cxploiti~lg terrestrial hcat as a new source o f  cnergy. The  
Hinlalaya~l geotherl~lal bclt provides Tibet with alnplc 

supplies o f  therlnal cncrgy, and sonlc o f  these are already being 
put t o  usc. The  water from the Qabka hot spring in the vicinity 

o f  X a i t o ~ l ~ n l o i n  County, for example, is channeled for usc in 
grecnl~ouses, bathhouses, and swimming pools. The  Yangbajain 

l ~ ~ d r o t h e r n ~ a l  field nortliwcst o f  Lhasa, an area o f  20 square 
kilometers, offers even greatcr possibilities, diffusing into the 

atmosplicre I IO,OOO kilocalories of heat per second, amounting 
annually to  the calorific value o f  470,000 tons o f  standard-grade 

coal. The  area is now being developed. 
The  Himalayan geothermal belt also holds precious mincral 

resources. The  superheated waters of  the area contain large 
quantities o f  certain valuable elements that are rare in other 
parts of the world. For example, onc of  the boiling springs 

in South Tibet represents a rich supply of  cesium. The  most 
highly e l e ~ t r o ~ o s i t i v c  elelnent known, cesiulll is widely used 
in the cinema, television, and national defense industrics, and 
some scientists regard it as one of  the   no st promising ~netals 
for usc i l l  space exploration and the esploitation o f  solar energy. 

In addition to  this important ~nctal ,  the hot water o f  the 
hydrothermal districts contains high concc~ltrations of  boron, 
lithium, rubidium, arsenic, and fluorine. These clemcnts are 
significant not only as mineral rcsourccs but also as keys to the 
u~iderstanding of  certain puzzling geologic phenomena. For 
instance, sinlilar combinations of  elcmcnts are found in certain 
North Tibct salt Iakcs, in areas where many ancient sinters are 
discernible. This suggests that thc salinity o f  the lakes is the 
result o f  previous hydrothermal activities in the region. 

The activities visible on thc surface o f  the Himalayan 
geothcrnlal belt bear witness to  the mysterious agitation far 
below. Study of  thcse activities will throw light on movemcnts 
hidden in the depths o f  the earth and 011 the geologic llistory 
o f  the most prodigious plateau in thc world. 



4. A typical a~dl-explosion cram in the 
Korn~c hydrotherntal district south of the 
Yarlimg Zangbo. A dozen explosions occur 
here every Far. 

5 .  A jar-ahapcd hot-watcr pool h the 
Buxiunglangge hy$rothmmaI disoicl 4 
o f  the Yarlung Z3ngbo. 

6. A fi~mamlc on ae &I& nlidsaaw iil. & 
Yangbajain &YW. When the dvcr 
the vcnr is munLtcd. 

7. The Kau hydr~thcm~sl cfirtritt oom@ ot"& 
Yarlung Zangbo. Thr main vent of rfte 
gcylcr is spouting boiling war* md atam 
niorc than a zwtcr into the air. 
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I I .  An in~prmivc hot-water lake, 16.1 liictcrs 12. Laycrs of calcareous sintcr forn~cd by D 

decp and 7.350 square ~i~ctcrs  in arca, in tltc calciun~ carbonate deposited by a hot spring 
Yangbajain liydrotlicrnial district. Tllc water in tlic Tajic hydrothcr~nal district. 
fro111 this lakc, whosc rcniprraturc varies 
bctwccn 45' and 57OC, flows into a tributary 
of tllc Yarlung Zangbo, at a rate of 24 liters 
pcr second. 
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16. A forest of  sinter p~llars In the Lungmar 
hydrothermal d~strlct on the North T~bet  
plateau. Such formanons occur only at high 
alt~tudes. where solar r a d i ~ o n  E s c r o n ~ n a  
in an arld cllnlate. U n r k r r k ~ s ~ n d i m m  
the water qecrrd by a hut .v..Fjg ~~ 
very quickl) . mdkhe a c ~ i i i a r i ~ a  Or&kia 
depos~ts around ~ t r  ordice buifds his1!rFr%GI 
h~gllrr. forming a kinrt o f - h u i f v ~  pittz 
When at last tlle the pasagebeculnes f ickcd 
so that tbe;lccoCwatcu ea~~4cmp&+ee 
lts \say out, ttre spung A- 
point m r h r  canh'+ surhcc f&r=~- .d  

- -- - - r- 
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17. This 4- ih Qupu i 80 m~m in dia- 
mms at ib bottom d roo Mten at ia 
&. Although no one wimr~rcd the 
plaion, rhcrize of thccratcrmdchntit 
mryt hrvc been wen greater tbrn the one 
rlw ocnured in Novwnbu 1975. 



r8. A hot spring on an ehatcd 8%- ftmaee 
in rhe Qulung h * W  diahkr. TBr 
waterspills downaver a buad@stecpsh~ 
cone 





IoMoLANeM 
(MOUNT EVEREST) 



11, tlic ll~iddlc of  tllc grcrt rrc G.rl1lr.d hy tlic Hi~l inl . l~rs .  
so111c ot ' thc lofticst ~llc>unt.lili pc,ik\ in the \\.orld ri\c in .I 

shroud of  1ni5t. scclnillg to  c n ~ ~ ~ p c t ~  in Iicigl~t .lnd ~n.~gllii~ccncc. 

Hcrc. st.inding proudly .Inlong \nowc.lpFcd pinn.lclcs. i \  tlic 
higllc5t rnou~~t.lin on c.lrth. Wc.\tcrncrs know it .IS Mount  

Evcrcst. but h r  ccn t~~r ics  the people of Tibet h.ivc c.illcd it by 

the Il.inic nt their most hc.iutih11 goJdcs\: Qo~nol . ing~nn.  
Cliillcsc scicnti.its hnvc mc.isnrcd tllc Iicight of  Mount 

Qolllol.lngmn .IS S.84S.13 meters .ibovc se'l lcvcl. But thc' thick 
I.iycrs nc limcstollc of  which the rnount.~in is composcd, 311d 
which liow rc.lcli so spect.~cularly into the sky, wcrc originally 

forlllcd at tllc bottom of the sc.~. They \vcrc lnid doum about 
450 million ycnrc .igu, i l l  the 0rdovici.in period o f  the early 
P.~l.lcoznic cr.1. The  history o f  thcsc layers can be trnccd, because 

c.lcl1 succccdilig geologic pcriod 113s left its mark i l l  the 
sedi~~lc~l t . l ry  I.iyers. 

Thirty million yc.lrs 2 ~ 0  the sen bottom tlint was to bccomc 

thc Hi~li.ll.ly.l\ L>cs.i11 to be P ~ \ I ~ e J  up. :\lid this ~ l i o v c ~ i i e ~ l t  is 



still i l l  progress. Qon~olangma c-ontinucs to risc along with 
thc rctt of the rangc, m ~ d  wcrc it not for thc constant crosion 
that s in~ul tancous l~  wears it down, its summit would now be 
nearly zo,ooo mctcrs abovc sea Icvcl. 

North o f  Mount Qomolangmn is North Peak, 7.580 nlcters 
in elcvation. Thc t w o  nlountains arc linkcd together by thc 
famous North Col, a saddle-shapcd depression in the ridgcline, 
known to mountaineers as a f o r ~ ~ ~ i d a b l c  barrier. At thc lowcst 
part of  the saddle is a shccr wall of  dark grccli ice, 400 meters 
high and critscrosscd by decp crevasscs. Climbers scek routes 
up  through the crevasscs, but at any point hugc chunks o f  ice, 
some as heavy as a hundred tons, may split off f rom the stecp 
slopes and come crashing down, oftcn causing a chain reaction. 
The swift Lfnlls o f  ice and snow that may take place at any 
moment arc a trelnendous hazard to clilnbcrs. It was here in 

1922 that scven Sherpas, men~bers  of a British teanl, were 
engulfed by an avalanche. 111 1975, three scientists f rom our  
Chinese research missiol~, together with a team o f  professional 
mountaineers, successfully ascended thc ice wall of  the North 
Col, bringing back valuablc scientific data and achieving a 
world record for mountaineering by scientists. 

Below thc North Col lies a deep, wide, crescent-shaped basin. 
Enormous amounts of  sllow from avalanches have accu~nulated 
in this gigantic hollow. Under the intense sunshine, the surface 

. - 

snow nielts and runs down into the crevasscs. The  water seeps 
into the interstices o f  the granular snow and, freezing again, 
cements the individual grains into solid ice. Pressed by  the 
t reme~~dous  weight o f  successive layers o f  ice, the hardened - 
mass slides down the slope to  the edge o f  the basin, f o r n ~ i n g  
the source of  the Central Rongbuk glacier. Stretching north o f  
thc basin for 15 kilonlcters, the Central Rongbuk is swelled by 
the East and West Rongbuks and more than thirty other 
glaciers, which feed into it like the tributaries of a river. T h e  
whole systeln covers some zoo square kilometers. 

Because o f  variations in the terrain, in the degree o f  friction. 
and in the a l~ lount  o f  ice flowing in from the various tributaries, 
different parts o f  a glacier move at different speeds. All along its 

course, masses of ice change their shapes. Elevations and 
depressions appear on  the surface, and the uneven intensity of 



sunshine they receive produces different degrees of melting. 
These conditions lead to the formation of a forest of ice towers, 
or  seracs, at the lower end of the glacier. These jagged crystal 
pinnacles, along with the other nlagnificent creations-curtains 
of icicles; walls of ice; tables of ice; mounds, caves, and lakes 
of ice-are all the work of the ~naster sculptor, the sun. 

This glittering, fantastic landscape is as beautiful as any on 
earth, but as alien as any on the moon. Man, the intruder, 
assaulting the heights of Qolnolangma, can survive only with 
the help of modem technology, overcoming for a brief time 
the three deadly factors of  cold, wind, and rarefied air. 

The most overwhelming aspect of  the environment is the 
cold. In January, the coldest month of the year, the average 
temperature at an altitude equal to that of the summit of 
Mount Qomolangnla is about - 36" C, and it may drop to 
an extrelne of -60" C .  Even in the warmest month, July, the 
average temperature is - 19" C,  and at no time of the year 
does it rise above freezing. At these polar temperatures, 
if a man's skin touches metal, it will stick and peel OK But 
because Qoniolangnla is located near the Tropic of Cancer, and 
because the sun has to penetrate an atmosphere only 
one-third as dense as that at sea level, its rays are very strong. 
Thus at noontime around the summer solstice, a climber 
experiences a curious anomaly: standing facing the sun, he feels 
an arctic wind at his back and genial warmth in front, as one 
does at an ordinary altitude when facing a campfire on a cold 
day. The intense solar radiation that brings welcome warmth, 
however, is in itself a hazard. T o  a clilnber without sunglasses, 
the strong ultraviolet rays and the dazzling reflections from 
snow and ice present the constant danger of red and swollen 
eyes, unbearable pain, and even snow blindness. 

As for the wind, the second great dificulty with which 
mountaineers and scientists have to contend, only in the month 
of Octobcr, and again from March to May, is the weather 
call11 enough for climbing. From June to September, the 
Qolnolangma region is under the influence of the monsoons 
that blow in from the Indian Ocean. The mountaintops are 
lost in seas of clouds, and violent snowstorms are frequent. 
From November to February, the global southwest jet stream 



moves i l l  from the north, battering the summit with winds of 
hurricane force that nlay reach a velocity of 87 meters per 
,cco~ld. A climber facing winds of this speed would be subject 
to roo kilograms of pressure. Even in the sulnnler climbing 
season, strong winds may suddenly arise. When a storm comes 
up, often whirling not only snow and ice but also sand and 
stones, thc a~nbitious climber faces unimaginable hardships and 
the greatest danger. 

Professional mountaineers, aware of the invisible enemy that 
may lie in wait for them at higher altitudes, have learned to 
judge its movements by the "flag cloud." In winter and spring, 
whcn the prevailing west wind meets the ~ e a k  of Qomolangma, 
it divides around the summit, pushing ahead of it the 
moisture-laden air that has risen from the southern slopes of the 
Himalayas. In the calm air on the sheltered east face of the 
mountain, this moisture condenses into a white, ~ennant-shaped 
cloud, ~o in ted  east. When the wind is around Force 9 (about 
50 ~ n . ~ . h . )  at the summit, the flag cloud is at a right angle to 
the peak. When the wind is weaker, the cloud tilts up, and when 
it gains momentum, the flag tilts down. Mountaineers keep an 
anxious watch on this natural weather vane and determine their 
climbing program in accordance with its dictates. 

But the greatest enemy of the men and women who seek 
to conquer Qomolangma is the rarefied air. At 3,000 meters 
above sea level, human beings generally begin to have 
physiological reactions to the reduced supply of oxygen: 
breathing is accelerated and heavy, and blood circulation speeds 
up. These automatic reactions enable the body to maintain 
normal functions, but they also have certain adverse effects. 
The increased respiration entails an increase in the amount of 
carbon dioxide breathed out, and this creates an imbalance 
between the acid and alkali in the respiratory system. The relative 
excess of alkali may result in dizziness, nausea, and even 
vomitillg. Accelerated circulation, meallwhile. means a Illore 
rapid heartbeat and an increase of blood in certain organs. This 
is especially noticeable in the extracranial vessels, where the 
increased volu~rle of blood causes great pressure, producing 
throbbing headaches. The lack of oxygen also causes dysfunction 
of the stomach and intestines, resulting in loss of appetite, and 



disrupt.; nlct.lholi\~li, producing .In cscc,\ rcjcrvc of I.lctic .uld 

acetone ill the ~ l i t~ \ c l c \ .  .\o tI1.1t tlic climber t;.cl\ cliorliiou\ 

At .In clc\..irion o f  j.ooo Illctcrs. the .>ir cont .~in\  0 1 1 1 ~  nbout 
h ~ l f  JS 11111cli o s y g e ~ i  .I\ .it Z C J  Ie\.cI. At 7.000 I I I C ~ C ~ . ; .  tlic 

hcight o f  the Nor th  Cnl .  the .inlount of o rvgcn  i \  rcdur-cd 
to the rnillirnl~nl rcquirc~licnt for In.in. . ~ n d  thi\ i\ kno\vn n\ 
the  "d.lngerau< nl t i t l~~ic ."  A t  8.000 meter \ ,  still bclon- the 5umlnit 

o f  Moun t  Q o ~ n o l . ~ n g m n ,  the osygcn  supply i \  only onc-third 
o f  that nt zc.1 I c \ ~ l .  Th i \  .iltitudc i\ cnllcd the "dc.1tl1 line." 

Ncvcrtliclc\s. 1ic.ilthy perj0n.i chin b c c o ~ n c  ,~cclirnntized to thc 
r,lrcilcd air throl~gl i  \rep-by-\tcp nd.lpt.~tion. For csnmplc,  
11io\t of the 111~1iibcr\ d o u r  \c.ic~itiilc mi\\ion of 1075 c.lmc 

fro111 I ~ \ v - ~ l t ~ t i ~ J c  .irc.i\. yet \\,c \\,ere .iblc to  \vork for \cvcrnl 
~ l i c > ~ l t l l \  nt ou r  bn\c c,imp. bct\vccn .;.ooo ,lnd 0,000 11ictcr\ 



above sea Icvcl. During our fint attctnpt to reach the su~nnl i t  
of  Qomolangma, some mcmbcr5 of  the team were caught 
in bad weather at 8,600 rnetcrc. W c  struggled for three 

days and two nights, consuming a\ little o f  the oxygen w e  
carricd with us as possible. O n c  nlountaineer, a Tibetan woman. 
adapted so well to the rarefied atmo,pl~erc that she was able to 
Inovc about, cooking and caring for thc victims of  mountain 
sickness, \vitIiout using any oxygen from hcr tank. 

When ninc nlembcrc of  the team finally had the sunlmit under 
thcir fect, they stayed there for an hour and ten minutcs. They  
set up a red marker for surveyors waiting on the lower slopes, 
collected rock spccinlcns, shot film, and, in accordance with 
~nountain-climbing tradition, planted our national flag. 

Since thc first, historic ascent o f  Qonlolang~na in 1953 by 
Tenzing of  Nepal and Hillary o f  N e w  Zealand, the sun l~ni t  has 
becn attained ninetcen timcs, by mountaineers from sixteen 
countries. The  goal of  these clinlbcrs-and o f  those, n o  less to  
be honored, who have hiled or lost thcir lives in the attempt- 
was to reach the highest point on  earth. Their successes are 
hailed as national triumphs. O u r  Chinese research team o f  
197-5 had a diffcrcnt purpose, however. It was conlposed not of 
nlountaineers but o f  geologists, geophysicists, ~rleteorologists, 
botanists, biologists, and physiologists. O u r  aim was not merely 
to reach the peak but to study the environment and man's 
adaptation to it. Science knows n o  ~lational boundaries, and in 
this sense, our expedition to  Mount Qomolangma represents 
an advance in the struggle o f  all mankind to understand and 
conquer nature. 





3. M o m  Qomobgma, thr mwtl of the 4, tkk im#  4 sp&LoocaP at rhif Nos& 
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* 3, Approaching the Noah CoL The 400- 6. Mount Q o m c h g ~  h @xoWmppefb rfl 
meter woll of in and snow is visible at the yea d rad tmnmtly dmmdedkmire 

- 

upper tight. In the foreground is thc aacmt- 
shaped nkvt basin, the s o w  of the EPt --  - -  
Rongbuk glacier. 



7. Camping in a world of ice and mow. 
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-CEO- 
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RIVER 



T h e  Yarlung is the highest river in the world. It crosses 
the southern part of the Qinghai-Tibet Plateau at all average 
altitude of 4,000 meters above sea level. For this reason, it 
was formerly referred to by the Tibetans as the Yangqiao 
Zangbo, meaning "water that flows from the highest peak." Its 
length of 2,057 kilo~neters makes it the sixth longest river in 
China, and its mean annual flow 0€4,500 cubic meters per 
second, which exceeds that of the Huanghe (Yellow), places it 
third in velocity. This prodigious flow of water, aided by the 
sheer drop afforded by the topography of the Plateau, promises 
a hydroelectric potential of IOO  nill lion kilowatts, which 
would put it second in China only to the Changjiang (Yangtze). 
and on a par with the Congo River in Africa. The Yarlung is 
also a well-known international waterway. On  entering 
northeast India, it becomes the Brahnnaputra, which eventually 
discharges into the Bay of Berlgal in the Indian Ocean. 

Geologic evidence indicates that the Yarlung is a relatively 
young river which has formed only in the last few million years. 
Fed by the Jiemayangzong River to the north and the Kubi 
River to the southwest, it emerges fro111 the northern slopes 
of the Himalayan Range as the Damqog, or Maquan, River. 
Formerly, sotne explorers believed that the Kubi was the main 
headspring of the Yarlung, because its volunne was judged to 
be larger. Others held that the Yarlung's true source was 
the Jiemayangzong, because its course was longer, a belief 
shared by the Tibetans. Our research team determined that the 
Jie~nayangzong is indeed longer than the Kubi by 24 kilometers 
and that its drainage basin is about twice as large. Furthermore, 
in August 1975, we established that the volume is in fact about 
twice that of the Kubi River. This proves conclusively that 
the Jie~nayangzong is the true source of the Yarlung Zangbo. 

Southwest of the Jie~nayangzong River towers a snowcapped 
peak, 6,562.7 meters above sea level. On  its eastern slope, in a 
broad U-shaped trough, lies the Jiemayangzong glacier. As this 
huge mass of ice emerges from the valley, its progress is 
obstructed by a ridge in the form of a horse's head, which splits 
the glacier into two. The horse's snout is a huge 10-meter-tall 
fluvioglacial drift (a Inass deposited by the glacier), on the top 
of the ridge, and its ears are two glacial extensions protruding 



from the glacial valley. This entire area lies S,ZOO meters above 
sea level. With the advent of spring, as the sun blazes down. 
rivulets of meltwater appear on the glacier's surface or issue 
fro111 beneath the glacial tongues, silently declaring the birth 
of the mighty Yarlung Zangbo. 

Strands of meltwater from the nearby glaciers flow down to 
the Jie~na~angzong River, which forms branching waterways on 
the moraine-laden former glacial bed, where deposits of lateral 
and terminal moraines from the retreated glacier block the 
meltwater, creating moraine lakes of various sizes. From afar, 
these look like sparkling blue gems strung together by silver 
threads. 

The river formed by the confluence of the Kubi and 
Jiemayangzong, the Maquan (Horse Spring), derives its name 
from its colorful Tibetan appellation, Damqog Zangbo, meaning 
4 6  . rlver from the horse's earsw-a reference to the horsehead 
ridge at the glacier. The Maquan, its clear and shallow water 
teeming with fish, meanders eastward through verdant flats. It 
is named the Yarlung from Zhongba County. It travels in a 
comparatively straight line from its middle reaches on, 
accommodating itself to the structurally weaker area of the land 
along the suture line between the South Asian subcontinent 
(Gondwanaland) and the Eurasian continent (Laurasia). 



Dow~~st rcan l  from Saga, the river a l t e r ~ ~ a t e l ~  widens and 
narrows as it cuts through several mountain ranges and passes 
through a series o f  gorges. The  most fnmous among thcsc include 
the G a n ~ l a i ,  Torxia, Yunda, Sangri-Gyaca, and Nangxian gorges. 
The  precipitous walls confining thc swift torrent are, for the 
most part, of  solid gmnitc. At a number o f  points, they come 
very close together. The narrowest part of  the Ganglai Gorge, 
for example, is a little over ro meters wide. Gigantic rocks 
protruding from the water along the 42-kilometer stretch of  the 
Sangri-Gyaca Gorge give risc to  rapids and cataracts that 
send spray flying 20 meters into the air. Both the proxin~ity 
of  the walls of the gorges and the exposed bedrock o f  the 
river at certain points offer excellent conditions for the 
construction of  dams, where the violent flow of  water could be 
put to use in generating a huge amount of  hydroelectric power. 

Each gorge is linked to thc ncxt by a broad valley. The  
two valleys stretching from Lhaze to Dag Chuka and from 
Quxu to Zctang are both ro to 20 kilometers wide, but they 
have gradients of  a mere 0.9 per mill and 0.27 per mill 
respectively. After plunging through thc gorges, the river 
sprawls out lazily onto the river flats in the form of  a typical 
braided stream. 

The entire area, covering the middle reaches of  the Yarlung 
and extending along the lower reaches of  the tributaries that 
feed into the river from the north and south, lies below 4,000 
meters in elevation, where tcmpcratures arc moderate and 
favorable for agriculture. For thousands of years, the main 
cha~lnel and its tributaries havc watered the rich land on  their 
banks, which, after gcncrations of  toil, has been turned by the 
Tibetans into excrllrnt farnlland. Thc earliest settlcnlcnt, were 
located here and gradually spread outward. Thus it is that the 
Yarlung Zangbo is considered the birthplace of  Tibetan culture. 
The imposing Potala Palace by the Lhasa River, the golden 
Zhasill~unbo Mona\tcry within thc city o f  Xignzc on the 
~ o u t h  bank of  the Yarlung Zangbo channel, m ~ d  thc bastion 
outside the city o f  Gyangzc by the Niy.lng I<i\.cr, \vhich rcsistcd 
British ~ d v a ~ ~ c e s  at the bcgilining of  the century, are eloqucnt 
tcstin~ony to the superb civiliz~tion that blossomed forth on 
thc rivcr \horcs. 



I '[he r~vc rbcd  (,i thc lo \ rcr  Ynrlung Zangbo  17 raqpcd Today, dcvclopmcnts in modern technology can bc ob5crvcd 
.~ \ \ a ) .  I)!. ~ I I C  v101c111 C L I ~ ~ C I I ~ .  Aitcr plcrclllS I ~ I  \yay bc- 
r,\ccll r,,o 1,,ir\- ,n ( , \ \ , .  n c n ~ 5  Its cnrtcrll  rcac~lcc, t l l c  i l l  the incii19trial ccntcr of  Nyillgclli on thc lowcr renchcs of  the 

, & 

rl\.rr trlrllc \01ltl1 aro~l l ld  M O L I I I ~  N a ~ ~ ~ j n g b a r \ \ . a ,  fi ,rlnll~g NYClIlS New mining enterprises, f.lctories, farms, alld 
a b ~ g  I~<)rr r \ l~<rc  bcncl. N n ~ ~ ~ j a g b a r \ \ - a .  7,756 nlcrcr5 I I I ~ ~ I ,  
I, on r l l c  r l p l l t  ~ ~ , , l ;  [ I l r  b l a  bend rllc ca7tcrll urcliard~ can bc sccn .ill along the middle reaches of  the Y.1rlung. 
t c r l~ l l r~u \  of rIic Ii~rn.~In!..~s. Aftcr gu,Iiing forth from the Nangsian Gorge, the Y'lrlung 

dc~cclld\ to .11i .llttt~ldc of  3,000 ~lletcr\,  co~ltitiui~ig it3 way 
c.l\tw;irci bctwcc~i wooded mount.iins. Downstream from 
M.iililing, it is joined by the copious Niyang from the north. 
Now more v i g o r o ~ ~ \  tllan cvcr, it races along the foot o f  the - 
c.istcrli end of the Hil~i.~lnyali Ka11gc a5 i t  enters its lower 
stretch into .In entirely different envirollrncllt. 

011 rC.ichillg Pai i l l  Mainling County, the river proceeds in 
:I northc,~,terly d~rcctrun, fornilng .I c~lnyon as it cuts it5 way 
~ C ~ W C C I I  t w o  forlnidable s~iowc.~ppcd peaks-hlou~~t Jinlabaili 
(7, I 5 I nictcri), the \iulimit of  the Baisliula R.inge, and to its 
south. M o u r ~ t  Nan1jagb.1~\\-.1 (7.756 meters), at the end o f  the 
Himalay.ui 1i.ingc. Thc  v;llley follows the bend> forlncd by two 
berich of  K i ~ u l t  lines cro.iscd .it right a l l ~ l c > ,  producing a staircase 
cfl:ct. Before the shLirp a l l~ les  o f  the banks could be 3tnoothened. 
the I'l.itc.1~1 h.ld alrc.ldy risen. making the river's violent waters 



cut deeper into the rock bed, so that the acute bends were left 
unchanged. The canyon then makes a U-turn and curls southwest 
around Mount Nan~jagbarwa, from which it twists into a 
spectacular zigzag. In this hazardous section of  the huge vaulted 
valley, nature has created spectacular sights for the human eye, 
but, alas, has forgotten to  leave a path, so that would-be 
explorers of  the canyon's mysteries have, on many occasions, 
becn conlpelled to turn back ungratified. However, our 
research team twice penetrated deep into the ravine to carry out 
multidisciplinary surveys under perilous conditions, and 
witnessed for the first time the marvels o f  this remote and 

fascinating region. - - 

At the entrance of  the canyon, the Ynrlung is entrenched 
in nlurky, sunless depths between towering vertical walls of  

schist and gneiss. The  upper part o f  the valley walls slopes 
gently before dropping abruptly into the ravine, so that the 
valley is V-shaped in cross-section. This is brought about 

by the strong downcutting force o f  the river. Because erosion in 
the adjoining lateral valleys did not keep up with the rapid 

cutting of  the main valley, many tributaries have been left 
suspended high on the canyon walls, discharging their water in 
cascading streams a hundred meters o r  more into the Yarlung. 

At higher altitudes, especially in the vicinity of  Mount 
Jialabaili and Mount Namjagbarwa, lie vast glaciers reaching 
out in all directions. Because the speed at which the glaciers 
move far exceeds their rate o f  ablation, these huge masses o f  ice 
often thrust their way deep into forested areas or bamboo groves, 
and occasionally end within a mere hundred meters o f  the river's 
shores. As the glaciers move down the mountain valleys, they 
gouge out deep troughs in the bedrock. Frequently, segments o f  
the perpendicular walls on either side collapse, setting off 
tremendous rockfalls into the valleys below, where the debris is 
carried by the glaciers down to the river's edge. Avalanches 
frequently occur, particularly downstream from the town of  
Jiala, where the riverbanks are so steep that blocks of  snow 
and ice hurtle into the swift current below several times a day. 

The northeasterly pressure of  the South Asian continental 
plate, which is concentrated around the lower reaches of  the 
Yarlung Zangbo, makes the earth's crust weak and unsettled in 



tl11\ J ~ C J ,  : I I ~ C I  tIiu\ p.~rticul.lrly vulncrnble to nv.rl.rncIie\ and 

rockfall\. In ~ y j o ,  ill thc rcgion o f  the c.uiyon. thcrc o tcurrcd an 

c,lrthclu:lkc o f  8.5 ~ i ~ : l ~ ~ ~ i t ~ ~ c l e  o n  thc Iilclitcr sc:rle which triggered 

cxtcnsivc .iv.llS~nc-hc\ o f  rock, \ I ) O W ,  .lnd ice. Tllc moving nia55es 

o fdc t r i t u j  crushcd forest\ and village5 and cloggcd u p  riverc, 

dr.r\tically transforming the h c c  o f  the land. Local inhahitant, 

\i.ho si~rvivcd this h o l o c n ~ ~ s t  \ t i l l  \ h ~ ~ J d c r  at  the memory  o f  it. 

O n e  o f  the most 5triking con,cqucncci o f  thc quakc \va3 the 

gouging of rock-lndcn vallcyi into ~i lountnin  ,lopes. W h e n  an  

avnlnnchc o r  some other mighty  force stirs boulders and rocks 

into life, thcsc roll d o w n  into thc valleys and set off a chain 

rcnction, whereby more  2nd morc  rocks come  tumbl ing dowm, 

shnttcring the silcnce o f  the ~noun ta ins  and merging to  fo rm 

terrifying rivers of moving stone. In 1973, near Baibung Village 

in Medog  County ,  the precipice at  the head o f  one o f  these 

vn l l cy~  collnpicd during n rninstorm, releasing a flow o f  rock 

and mud  wcighing over ten mil l io~i  tons. Thih huge mnbs nioved 

d o w n  into the Y a r l ~ m g  Znngbo valley, where  it blockcd the 

river for a wholc  day, l~ indcr ing its ~ i o r m a l  rapid flow. 

T h e  Y'lrli111~ Zangbo  nioves at  an  astouliding rate o f  r o  

mctcrs per cccond betwccl~ M o u n t  Jial~baili  nnd M o u n t  

Nanljngbarwa. Hcrc the torrents pound n~crcilessly agninst the 

rock, nnd wavcs cle.ivc the air. T h e  current in this deepest 
section o f  the valley g.rin\ molncntuln .  draegillg wit11 it huge 



boulders which swiftly and rudely rasp down the riverbed, 
accoynting for its vigorous and continuous downcutting. The 

sounds of grinding rock, thundering avalanches of snow 
and ice, and roaring cascades all blend into a sonorous and awe- 
inspiring symphony that reverberates through the entire valley, 
shaking the very mountains. 

The Yarlung leaves the Qighai-Tibet Plateau as it descends 
the southern slope of the Himalayas. Froin Pai in Mainling 
County at the entrance of the canyon, to Xirang Village in 
Medog County at its exit, the river descends a total of 2,200 
meters. This section of its course is 240 kilometers long. 
However, if a straight line were drawn between the two tips of 
the U-bend canyon, it would measure a mere 38 kilometers, so 
that, if a tunnel were to be dug through the Himalayas along this 
line, the river could be made to power a hydroelectric plant 
producing an astronomical 40,000 megawatts. It could be the 
mightiest power plant in the world. (The world's largest hydro- 
electric plant now in operation is at the Itaipu dam in 
Brazil, with an installed capacity of 12,600 megawatts.) 

At a lower altitude farther downstream, near where the 
Jainzhug River joins the main channel from the east, the Yarlung 
stretches out into an elongated S and finally crosses the border 
into India, where it flows in a southwesterly direction as the 
%rahmaputra. 

s 

4. Far in the western part, or beginnings, of the Y~rlung 
Zangbo system, the survey ream sets up camp in Sa~nmg 
at rhc confluence of the Jiemayangzong River from 
north nnd the Kubi River from the south. I 



6. The Tmxin Gorp belaw Dag Chulu, q. The most impressive ciy along the Yulung - 
where the Yadung has cut iu wlry &rough Zaagbo rystcm, Lhaaa is on a tributary to 
clw g r a d .  the noah of the Yarlmg. First built in the 

seventh century, the P d a  Palace by the 
Lhasa Riva ia a masterpiece of Tibetan 
architecture. 
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8. SutVcyi~g cht S ~ h g  made in the 
b;gircP Gorp. The cascade drop a 

-- - h a  mm, ~n the mtmwrot n (3p mm) ''m? - - - - -  , - 
ofthe Snngri-Gym Gorge. I L ~ * s  aeau 
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annual flow is ~ , o w  cubic meten per second. -- - - - -  
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lo. A steep glacim skirting Mount Jiabaili rr. The 7,rjr-rnctes fiabaili, main p d  ~ o f  u. 
cttds das~ to rhe rivet, in the big bend @an. tht BPlbda 6n the I& aids of rha 
The glacier accp like a chvni, ftom arhfolr ice bond in h e  gorge. 
and detritus deposited by avalmohpb && 
I,WO to z,m m a r s  down inw tlic Yarfung. 
Snow avalanches are a ftcqucnt phenomenon ~ 3 .  * ~ = @ ~  
here: sometimes occurring several tima a day. ~ ~ w = B -  









16. Recording the flow in thc horseshoe bend. 
The direction of the flow in the big bend is 
generally in confor~nity with the parallel 
arrangements of the texture of the schist and 
gneiss on the river's banks. The schistosity of 
the rocks in the region of the bend is, on the 
whole, large cumd arcs that have Mount 
Namjagbarwa as thoir focal point. Frequently 
the river is here flanked by nearly vertical 
walls. 

t7. Fast-moving boulders and roclu frrrm 
the slopes, or arricd along by the tributvia 
of the Yarlunp. gouge out huge ch& 
of the riverbed. The exposed texture of 
this quam-schist rock, which at o m  stage 
had been pan of the riverbed. &om long. 
deep grooves dug out of the micr-whkt 
layers sandwiched between the ha+ q a m  
schist layers; after he riw rcdcc& bo& 
that had been rubbdl~llooth and d - 
found in thun. 





R E  L A S  



s c a t t e r e d  about the lofty Qinghai-Tibut Plateau are 
numerous blue lakes and ponds. These bodies of  water form 
the highest lake systelns in the world and present some o f  
China's most superb landscapes. 

Each lake systeill has its own distinct history. The famous 

systems of  East Africa arosc with the fracturing of  the earth's 
crust; nlost of  the "thousand lakes" o f  Finland and those of  
Canada were formed by Quaternary glaciation. The formation 
o f  the Tibetan lakes, however, was not so simple. Their 
development correlates closely with thc evolution of  the Plateau's 
mountains and rivers; their diversity results from the rapid 
upward nlovenlcnt of  the land and thc enormous and complex 
geologic and morphological changes that took  lace during 
this crustal activity. Today, different stages of  lake evolution 
can be observed in these countless lakes existing side by sidc. 

The majority o f  the Plateau's lakes are of  tectonic origin. 

The  upheaval of  the Plateau began more than 12 million 
years ago during the Pliocene epoch. High nlountains rose on 
all sides, enclosing hollows which were later filled with water 

and became lakes. This was the first stage of  lake formation 
o n  the Plateau. In the north, most of  the lakes have an interior 
drainage system; in the south, an exterior drainage system. 
By the end of  the early Pleistocene epoch, as tectonic movements 
in the crust reached a cli~nax, the rate of  elevation of  the 
land varied in different areas. In certain areas where the 
upward movement was particularly pronounced a series of  
mountain ranges was built, and the intramontane depressions 
bccanle natural water reservoirs. This was the second stage of  
lake formation. Examples o f  lakes formed as a direct consequence 
of  tectonic activity are found in abundance on the North Tibet 
plateau, north of  the Gangdise-Nyainqentanglha Range. Here, 
lakes may reach 4.600 meters in elevation and 2,000 square 
kilo~neters in area, as d o  the famous lakes Nan1 and Siting. 

Some of  the lakes on  the Qinghai-Tibct Plateau were formed 
as a result of  silting, o r  rock o r  lava blockages. 

From t l ~ e  top of  the mountain to  the south o f  the Quxu 
Bridge spanning the Yarlung Zangbo, one has a panoramic view 
of Lake Yanlzhog Yumco in the valley below. This odd- 
shaped lake, lying more than 800 meters above the river, appears 



as n de~ldritic network of  waterways, with its main stern in the 
~lorthwcst b r a n c h i ~ l ~  out toward the southeast. Yamzhog 
Yumco was a tributary of  the Yarlung until its course was 
blocked by mud and rock flows and sedimcnt left by floods, 
creating a lake. Such a lakc, whose intake is more or  less 
balallccd by evaporatio~l, is called a barrier, o r  dammed, lake. 
Other factors, such as glnciatio~l and tectonic Irlovenlents, also 
colltributcd to tllc formation o f  Lake Yalnzhog Yunlco. 

More da~nnled lakes havc been fornled in the southeastern 
part of the Plateau, where ~naritinle glaciers are highly developed 
and rock fills and solifluctions of  corlsiderable size are conlmon. 
(Solifluctions arc the creeping o f  wct soil and rocks down a 
slope, resulting i l l  the formation o f  terraces and nlounds.) Lake 
Yiollg on  the lower reaches of  the Yio~ig  River and Lake Rawu 
on  the upper reaches o f  the Youpu Rivcr are well-know1 
examples. The  abundant discharge of  rivers in this part of  the 



Plateau often flows into the lakes and then flows out again over 
the blockage and seeping through it. 

After the Holocene epoch, another retreat of  mountain 

glaciers left behind terminal and lateral nloraines, which - 
obstructed the glacier valleys and held meltwater, forming 
moraine lakes. These, though snlnll in area, are and 

are frequently seen at an altitude o f  over 5,500 meters. 
O n  the northern part of  the North Tibet plateau, volcanic 

activity has given rise to lava flows which have dammed up  

rivers to for111 lakes. Examples of  these lava-dammed lakes, as 
they are termed, are Azhiqikkul and Ulukele, which were 
formed fro111 a tributary of  the Keriya River in  Xinjiang, 4,600 
meters above sea level in the Kunlun Range. 

A feature worthy of  mention is the extraordinary clarity 
and blueness of  the lakes. The transparency of  the water may 
reach as deep as 14 meters, far exceeding that o f  lakes in 
other parts o f  China. Various fnctors niay account for this. 
First, tenlperatures on  the Qinghni-Tibet Plateau are relatively 
low, so that vegetation is sparse and the humus content o f  the 
lakes consequently nlirllmal. In addition, in the summer there 
are n o  torrential r u n 0 6  carrying silt and mud to cloud the 
water. Furthermore, the thin air of  the Plateau at this altitude 
allows the sun's strong rays to penetrate deep into the lakes. As 
the light enters the water, the long-wave rays, such as red and 
yellow, are absorbed by the water particles, whereas the short- 
wave rays, such as green and blue, are dispersed and reflected 
back to the surface. The dazzling colors of  these sapphirine lakes 
encircled by verdant shores and silver peaks lend a freshness 
and vitality t o  this magnificent region. 

From a geochronological point o f  view, all lakes are 
short-lived. O n  the Qinghai-Tibet Plateau, those of  the 
Pliocene epoch have been gradually reduced in volume, drained 
dry, or  transformed into arid basins through evaporation. 
Most o f  the large tectonic lakes seen on  the Plateau today 
originated during the second stage of lake formation toward the 
end of  the early Pleistocene and reached their height of  evolution 
in the interglacial period as the mid-Pleistocene drew to a close. 
Although these lakes are of  diverse types and are constantly 
being added to by newly formed ones, the general tendency 



is for then1 to shrink. This ~henornenon ,  which has been 
particularly marked within the last century, occurs more 
frequelltly in the northern part o f  the Plateau than in its southern 
part. ~ v i d e n c c  of  this shrinkage is borne by the lakes' ancient 
shorelines, which grow in number and in height as the altitude 
increases. For instance, whereas the upper~nost  ancient lake 
shoreline in the southern part o f  the Ngan  Prefecture is a mere 
30 to 40 meters above the present water level, that o f  the 
northern lakes is often roo to ZOO meters above the water surface. 
And there inay be as many as twenty strand lines in  one lake. 

The  diurnal temperature of  the lakes, especially o f  those 
lying in inland basins, is more stable than the temperature 
on  the surrounding land. During the day, air currents above 
the lakes move inland, but they reverse their direction at night. 
This atnlospheric circulation carries vapor from the lakes over 
the land ill the form o f  rain o r  dew, which nourishes the 
pastures 2nd cropland on  the banks. Teirlperatures in lake regions 
are higher than in other areas and therefore are conducive to 
agriculture and aninla1 husbandry. Around Lake Tangra Yumco 
in North Tibet, highland barley grows well, despite the fact 
that the altitude here is beyond the normal limit for such crops. 

Freshwater and semi-freshwater lakes teem with a scaleless o r  
fine-scaled fish called the Schizothoracinae, descendants o f  the 
Tertiary carp. Its continual adaptation to the upward movement 
of  the Plateau has resulted in its present ~norphology.  Dis- 
similarities in the appearance o f  the various species o f  these 
scaleless carp reflect to a certain extent the different envi- 
ronniental changes that occurred during the process o f  
upheaval in each o f  the regions they inhabit. The  Schizo- 
thoracinae are a valuable aquatic resource o f  the Plateau. 

O f  even greater significance in terms o f  the Plateau's natural 
resources are the mineral salts found in its lakes. Throughout 
the existence o f  an inland lake, both surface and underground 
runoffs bring into it soluble salts which accumulate over the 
years. The water finally turns into brine, thus forming a salt 
lake-the declining stage o f  its development. Because the intake 
o f  these lakes cannot balance the amount lost through 
evaporation, the salt content becomes more concentrated and the 
physical and chemical conditions of the water change 



accordingly. Gra~lu.~IIy, crystalli~le salts collect at the botto111 
of the lake in layers o f  varying thick~lcsscs J I I ~  co~~ipos i t io~ l ,  
marking the diff>rent stages of  the lake's snlinization process. 

Volca~lic eruptions, magma i~~t rus io~ls ,  and Iiydrothcr~nal 
activity. caused by movcnlcllts withi11 the Plateau's crust, have 
also played a part in bringing up to thc surface rare substances 
in co~lsiderable amounts. Apart from thc Inore common 
nlincrals such as rock salt, mirabilite, and gypsum, the lakes 
also co~l ta i~ l  large qun~ltities of  borax, a raw material 
indispe~lsable to a number of  industries. This 111ineral is 
rarely e~lcountered in other parts of  the world. Mag~lesium, 
potassium, and lithiun~, too, arc found in high co~lce~ltrations in 
these deposits, as are rubidium, cesium, strontium, uranium, 
and thoriu~n.  

The salt lakes of  the Qi~~gliai-Tibet Plateau are basins of  
tremendous nlineral wealth. The extent of  thcir resources is a 
fascinating subject that requires further exploration. 

2 .  l ) c p c ~ \ ~ t \  CII ts111tc v ~ l t ,  0x1 a IaLc \ l ~ o r c .  

3. I lorax  0x1 rllc \horcs  of 5,llt Lakc  C ~ O .  
T l b c t  Iia\ t r c ~ ~ i c n c l o u \  borax  dcpo<1t5. 



- - 
4. Hungtsaoite, first discowred in Chins, is 6. Corm~)!btc, P ~ - d q d  
quite comnlonly found in Tibarn lakes. It h r n ~ r a ~ i w  . L t  

i s  one of rhc minerals containing borax. 
9. Natural crystnllizcd salt is wcd for making 
optical instruments. 



7. Lakes Mapam Y- (Sdnrs Iake) and 
Langa @evil's I&) uc in Ngd k&ctmc 
between rhe Hhahysts and tbr Ckngdbe 
Rang. At onc dme rhek farad LLt 
which drained inw the b p q a t  River. As 
the warn medcd, it was a~inrotwo in& 
dnininglakescmmdodybyathbsitip 
of w a .  Lake M a p  Ynmco is ovcc Ilo 
mctera dccp; it 5 a h d d h i ~ c  shrh wha,  
in summcr, pilgrims fbm ahroad came m 
worship. 



lo. Sdr Lake hlargai on the North Tibet 11. Lake Yamzhog Yumco, south of the flowed into the Yarlung until it was dammed * 
plateau is a shallow salt lake with a solid bed Yarlung Zangbo, is the largest freshwater by a rockfall. Lying 4.440 n~eters above 
of white mineral salts. To transport our lakc in southern Tibet. The lake, which is level and 800 meters higher than the nearby 
matbriel to the otl~er side of the lake, we load- 624 square kilometers in area with a storage Yarlung, it has a considerable hydropower 
ed it into a rubber boat and dragged the boat capacity of 15  billion cubic meters of water, potential. 
across without much trouble. 





12. Nam Co, Tibetan for "celstid lake," ia 
a brackish body of mecr mnsuring I,W 
sguare kilometers in area. It lies 4.718 m e t ~ m  
above sea level on the northern slopes of_& 
Nyainqentangula Range. 
13. LakeYlon a 150 mam a b o v e 4  
was dammed $ ; ro&ll in the earbw 
Situated in the eatem pas of tlrc =riia 
where the cclimatc is gild aad &a 
abundant, i~ hoP shi& f~mm amdqg & 
banks. - - -- 





= 
ALPINE PLANTS 



T h e  tern1 "alpine plants" is a general name for all 
vegetation that grows above the timberline. On the 
Qingliai-Tibet Plateau, this line is at 4,500 meters above sea 
Icvel. At this altitude, trees give way to countless species of  
shrubs and herbaceous plants. In the blosso~iiing season, their 

brilliantly colored flowers flutter in the wind just bclow icy 

mountain peaks, on sheer cliff;, and ill rocky wastes. Some 

even up from under the mow. The precise upper liniit 

at which alpine plants cml survive is not yet k~ lown,  but our 
research team saw flocks of  goats grazing at 5,800 mcters, and 
even at 6,000 meters we found bush cinquefoil. 

In the coursc o f  evolution, the alpine plants have developed 
many varieties and have acquired adaptive cliamcteristics that 
enable then1 to witl~stand the harsh environment. 

Licliells, a group of  lower plants that attach the~llselves to  
outcroppings o f  rock, are the pioneers at high altitudes. By 
secreting lichen acid they dissolve and fragnlent the rocks into 
the most primitive for111 of  soil, extracting ~~ut r ien t s  for 
thenlsclves and at the same time creating the basic conditions 
for the existence of  other plants. Mosses grow on the debris 
of  the dead liclicns. They perform ph~tos~nt l i es i s  more 
eficielitly than the liche~is and multiply quickly, producing a 
further accumulation o f  fine soil and organic mattcr. This lays 
the foundation for the growth of  higher plants. 

Many of the alpine branch close to the ground in the 
shape of  compact cushions. A cushion-like shrub is generally 
no more than 60 to 70 centimeters tall, but its crown ]nay have 
a diameter o f  7 to 8 meters. This shape protects the underlying 
soil froni excessive evapora t io~~ and enables the plant to  absorb 
maximuln heat during the hours of  direct sunlight and to 
retain heat at night. Thus the plants have a relatively stable 
moisture content and temperature. For example, we  found that 
when the outside temperature dropped below freezing, the 
temperature inside the plants remained abovc the freezing point. 

Most of  these cushion-shaped species are lierbaccous plants, 
such as rock jasmine and sandwort, which grow in clusters on 
otherwise barren plateaus. But the cushion plants also include 
shrubs, such as pea shrub, honeysucklc, and goosefoot, and even 
dwarfed trees, such as willow and juniper. Willows, which 

I .  Thc beneficial propcrtlcs o f  mrd~clnal plnnrs navc bccn 
known to thc pcoplc o f  Tibct sllicr anclcnt tlmcs. Tll~s 
picture. paintcd on cloth, dares (ro111 thc scvcntccnth 
century, but it i5 said to havc been copicd fro111 a nlucll 
older original that was paintcd on bark. Thc rendcrlngs 
are so accuratc that they wcre uscd to illustratc tllc 
Et~cyclo~ardia a/Mdicinr, a classic o f  Tibctan mcdicinc and 
pharmacology. 



grow to n height of  dozens of  nleters in nwre hospitable rcgions, 
may be only a third of  a lilctcr ta l l  at the\e altitudes. A two- 
hundred-year-old juniper niny sprawl on the ground, achieving 
a height of less than a meter. 

Certain plants, such as edclwciss, Soir.ctrrrc,n, and hcp-ta .  arc 
covered with a soft, fine, hairy growth, the fibers of which 
tnat togctlicr to fo r t~ l  innnmcrablc tiny chnnibcrc. There is 
almott 110 interchange between the air inside and outside these 
chambers. Thus, they fornl an insulating tliell that protects 
the pl;l~lt againct lots of water througll rapid cvnporation and 
acts as a buffer against tlle jtrong solar radiation. 

Other alpine plants have leaves that are specifically adapted 
to the dry, cold clinlatc. The leaves of  Tibetan rhubarb, Tibetan 
draba, Lo~riio~~liloiiiio rtltoto, Tibetan figwort, and PTzclr~nlskin 
tniyrrricn, which is found nowhere elsc in the world, grow in 
clusters at the base of  their stems, holding close to the ground 
in the shape of  open lotus blossoms. This structure enables the 
plants to resist high winds, slow down evaporation, and obtain 
heat from the earth's surfi~ce. 

Others, likc stonecrop, have thick fleshy leaves that retain 
water and protect tlleni from dehydration and freezing. 
Stonecrop has another curious way of  adapting to the 
enviro~lment: every year its stem dries u p  but does not fall. A 
new stem simply grows up  in the middle o f  the old one, so that 
in time the old stenis come to form a thick protective 

1 coating, guarding the plant against the r i n d  and cold. T h e  
sagebrush curls up its leaves into tiny needle-like tubes, a shape 
that reduces the plant's respiration and the loss o f  water 
through evaporation. 

All the alpine plants have well-developed roots for absorbing 
watcr 2nd nutrients. For example, the pagoda-shaped rhubarb 
plant, which grows on rock-strewn iilountain slopes, has 
roots over a tneter Ions, longer even than its flnwering stem. 
The stiffleaf sedge, which donlinates some parts o f  the North 
Tibet plateau, attains a height o f  only 10 to  30 centimeters, but 
its roots may extend for 1 5 0  centinieters. 

In the struggle to survive, sotlie alpine plants takc advantage 
2. I'rofi.\sor Wu ZIirngy~ (co,rcr), a notrd botanist, has 
nladc two rrrcarrh trips to Tibrr. HC 1 %  picturcd of the brief season and complete their life cycle in the 
coIIccting \nnlpIc\ \r.itl~ Ilii ro~~cagucs.  shortest possible time. Plants like P C ~ O P O P ~ Y I O I I  ~cn~i f lo r~r r~ l  



J I I L ~  \ . I ~ L ~ ~ > ~ L I \ I I  s r . ~ \ \ l , l ~ i ~ i \ .  T o o \ ~ . f o o t .  t:~l\c t.i111~lr1\k, c o l o r f t ~ l  

milk \ -c t~ .h .  L.rlll1\oli 1.1'(~1,~~/,1, ,111~1 1ii;11iy ot l icr \ .  

Thc .llpinc pI.ult\ n o t  c>nl). br lnS bc.luty t o  tlic l ' l . ~ t c . ~ ~ ~ ,  they  

,rl\o .Ire .I \onrcc  o f  \vc.1ltI1 fi)r ~ t \  inli.lbit.i~nt\. Al l long  thclli .1rc 

v.1li1.1hlc m c J i c ~ n n l  herb,. \uch  .I\ f r i t ~ l l . ~ r ~ ,  po in t  vctc.h. Aj1.1 

bell, TiI~ct~111 f i p \ . o r t ,  ,111~1 B c ~ , ~ c , I I I ( I ,  \vl~~c.Il I1.1vc 1>cc11 k110\v1i 

.ind u\cd in tr.iditic>~l.~l T ~ b c r , l n  11icdir.1nc for  h u ~ ~ J r c c t \  of vc.lr\. 

p rov id ing  v.lrlcJ type \  o f  p . ~ \ t u r c  111 d ~ t f c r c n t  nrc,l\ , ~ t  d i f l>rc l~ t  

\c . i \o~i\ ,  tlicy \ u p p o r t  tlic hc.rcl\ ,~ncl  flock, tli.it .Ire ~ n d ~ \ p c n \ . ~ b l c  

t o  t h ~ .  pcot71c of the  I'lnrcau. 

j .I1115 v.nt rcgIoI1 bcl,,,, t l l r  \110\1. 1111~ and 

nbovc t l ~ c  t r r r  l ~ n r  15 t l l r  r c n l l ~ l  o f  tllc nlplllc 

p la l~ t \  I)url11s ~I~~~\OIIICII~IC, t11c\ 1)11rtt 

forth In  h r~ l l l an t  c r l l ~ l r  ~g.lltlst .I b a ~ h ~ r r > l ~ ~ ~ d  

or gll\ tcl l l l ls \I,,,\\ 



6. T~bctan rock jasn~inc. flowers of red, purple, yellow, and white. The 9. On mountain s l o p  t h  m d v e  9%- 

7. Sctosc rhododendron. Of tl,c 600 to 700 nnall, t111ck lcava ofthealpincrhododcndtons rainfall, nlany spccic~ oB brightly whcd 
ofr~ododcndron in tl,c world, 4k to contain a volatile aroniatic substance that flowers adorn the 111eadowr 

500 can bc found In tl,c nlounrainsof south- has rcccntly bccn found to bc cffcctivc in thc 
10. C h e y a  nnbigma is widely diauibuttd in 

ces,cm China, are over 270 spccics in tmatnicnt of broncl~itis and asthma. the southern Dart of T i b c ~  at clcv~cians of 
Tibet alone, not including the trcc rhodo- 8. Cinquefoil arowinr in the shaoc of a about A.caa meterr. " - 7 . -  

dcndronr that grow In thi forcsts. Early in cushion: on tlic north slope of the ~ lh i a l a~as .  
spring, at altltudcs abovc 4,500 meters, they 5,roo meters abovc sca Icvcl. 11. Com~non &rgmia. which grows on 
cover thc mountains w~th  thor gorgcous mountain dopes 4,ooo rncten above sea 

level, helps w d u a  mflanunations. 



1% h r b r - l e n d  Wntdhrimiagkrbra growing 14. Pcdicu1mif xlo6!fma. Its roar is a tonic. blue, Of the fq spc& in-&e wddt dbb@ 
~pviahdr& at s*Mlo m o m  above 

rS* Pima of tYle gcnle mmry can bs fdmd in T i b m t @ m i ! %  
RI Id. MeEdndPIfS Tavehg Ml common,y " $ d a " d  a the edge offorcsra_ot&= rock mcviccs on high ~~wunMis or on rack 13- sm~ep mil lg  w + ~  thew- ofahe used in Tibctan medicine. They bavc large, - - - 
Ydmg h g k .  ahowy flowers d red, yellow, purple, and dopc3' 

- - - -- -- - . 
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16. In the valley 4,800 mctcrs above sea 17. A pagoda-shapcd rhubarb. This ~ l a n t  19. Tibetan delphinium, effective against 
levcl at thc foot of Mount Kangrinboqe, the grows to a height of about one meter on dysentery and diarrhea. 
principal peak of the Gangdise Mountains, rocky mountainsides. Its yellow calyxes 

20. The bulb of fririllary, which BOWS in 
stonecrop, saxifrage. Cren~et~thodisn~, and rcsenlble flower petals. abundance in the southeastern part of Tibet, 
nlany other plants bloom in July before the 
snow melts. 

I 8. Gcntian is used to reduce fever and inthm- is used toreduce fever andas a cough medicine. 
mations. 

21. Sa~~uurea dominata uninhabited a r m  of 
Nonh Tibet at 5,000 meters above sea level. 



*. s a w  lanu ahc of ale omy spesica OF 
&, genus S ~ w r n x  illuhna nqer t l ~  snow 

*t $om anitat above ar lewd. % bbs- 
&&arc Jlc ice a d  BIRW am wmplc~l~ 

dd. 



25. Milk vetch, which grows on the sandy 
slopes of the North Tibet plateau 4,700 to 
s.200 meters above sea level. has small, hairy 
leaves but bears giant seeds-a special feature 
of certain plants on the Qinghai-Tibet 
Plateau. 

26. Orrosole~~ wattii is used to reduce fever. 

28. T ~ ~ ~ ~ C O S ~ C I I I I U H I  caespitomm growing in 
clusters at 5,sw mura, on the NgPnglong 
Mountains of Ngvi  Prdmture. 

29. Only goosefoot and compact Ohe e~mn- 
risk thrive in the alkaline valley, (8- mncn 
above sea level, b e w a n  the KvPLonw md 
the Kunlun mountains in the n o d  N p i  
Prefecture. 

30. Fake tamarisk in chf Zpda vplky of N p r i  







C r a s s l a l i d  oiakcs up '70 percent of  the total land area of  
Tibet. Because the climate and ~ e o ~ r a ~ h i c  features vary 
greatly from one part o f  the region to miotlier, the grahslc~nd is 
of  different sorts, depending upon its locality. It can be divided 
into four pri~lcipal types. 

I .  M n u ~ l t a i ~ l  grassland: 111 the upper section of  the Yarlung 
Zailgbo valley, between the Hi~iinlayns and the Gangdisc 
Mou~itains, the climate is moderate compnrcd with that of  the 
North Tibct plateau. Here grow the grass spccics of  the 

temperate zone. 011 the level ground by thc river, Perzrrisc~t~rrrr 
and Orirrr~s rhorolii prcdonlinatc, while on  the vallcy slopes 
various spccics of  drought-resistant grass thrive. Among the 
most conlnlon o f  these are awricd ~lccdlegrass, p~~rplc-flowercd 
~iecdlcgmss, 2nd the three-awn variety. 

2 .  Alpine meadows: These are found on the high mountains 

in the central and eastern part o f  Tibet, where the winds are 
strong and there is no absolutely frost-free period. Every year, 
as soon as the brief warm season bcgins, stubby grass of  the 
sedge finlily and different spccics of  thc sagebrush spring up 
from the moist earth. Their growth is sparse and stunted, and 
they have a strong root systc~ii which loosens the earth. 
Accounting for 39 percent of  the total grassland area of  Tibet, 
alpine meadows are Tibet's best grazing grounds. 

3 .  Plateau and wide valley grassland: This is located mainly 
in the North Tibct plateau at about 4,500 meters above sea 
level, where the climate is cold and dry. Immense grassland 
arcas here arc covered with purple-flowered needlegrass, which 
can withstand these climatic conditions. However, the grass 
coverage is only 30 percent, and the fresh-grass yield totals 
300 kilogr~ms per hectare. When the necdlegrass flowers in 
August, its feathery spikes turn the grassland into a stretch of  
glittering white. 

4. Marshy meadows: These arc scattered across the vast 
grassland where there are s~nall pools and dank low-lying 
ground. They are small, and lie in warmcr temperatures than 
the surrou~iding highcr land. The grass licrc bprouts earlier tlia~i 
elsewliere, and grows so bountifully that the per-1icct;trc yield 
may be as much as two to three and a half tons. Thc pre- 
dominating grass is Tibetan sagebrush, which puts forth its 



x. Taking grass samples and measuring the yield. 

stalks from the base of the plant or from the axils of its lower 
leaves above the ground in tufts. These marshy grazing 
grounds supply Tibetan herdsmen with fresh fodder just whcn 
it is needed most-at the close of the long winter, what the East 
year's grass has been consunled. 

On most parts of the Qinghai-Tibet Plateau, the grass i 
short and sparse in comparison with, for example, rhe deep, 
luxuriant plants that cover the Hulun Buir Grassland in Inam 
Mongolia. However, the strong solar radiation on the Plateau 
speeds up the process of photosynthesis, so that the grasses 
there are particularly high in nutritional uaiw, m h i n g  as 
nluch as 16.8 percent coarse protein. FuIthermote, their low 
yield is counterbalanced by the variety of the di&ent rypes 



o f  grassland that lie within close proximity of  each other. 
T h e  fact that grass is available at different times is a special 
advantage for Tibetan herdsmen, for it enables then1 to tide 

their ani~nals over the seasonal shortage in fodder. The  herdsmen 

have an old saying that reflects the use they make o f  this 
wide availability of  fodder: "Graze your herds on  the hilltops 
in sunlmer and down the valleys in winter. When  autumn 
comes, drive then1 up the nlountains to  gain more weight." 

The Qinghai-Tibet Plateau is one of  China's five major stock- 

raising areas. The  climate o f  the different parts of  the Plateau is 
so varied that almost every kind of  dolnesticated animal, with 
the exception of  the camel, is raised in one region or another. 

The most inlportant econonlically are yaks, sheep, and cattle. 
The yak is the most important animal of  the Plateau. 

Because they have strong legs and tough hooves, yaks can carry 
heavy loads for long distances on  the rocky mountains; thus 
they are fondly referred to  as "shps o f  the Plateau." Yaks are 

also used to pull plows in the f a r n h g  areas. C o w  yaks d o  not 
l l d k  as well as ordinary cows, but their tasty yellowish milk has 
a fat content of  6 to 8 percent. Tents made from yak-hair felt 

are strong enough to withstand wind and rain. The  heavy 
woolen locally Aachine-made cloth from the fine hair of  yaks 
sells well on the domestic market. Highly resistant to cold 
climate, yaks are seen grazing on  the North Tibet plateau when 

the te~nperature drops to - 30" C. However, they cannot stand 
the summer heat. When  the temperature rises to 15" to  20' C ,  
they begin to  gasp for breath, and are unable to eat any grass. 

O f  all the livestock on the Plateau, sheep are the most 
plentiful. The best-known variety is the Tibetan sheep, 
raised throughout the Yarlung Zangbo valley. The fine 
elastic wool of  this sheep is handwoven into pullr-a warm, 
heavy cloth that is much prized all over the Plateau. 

Animals on  the Plateau are thoroughly acclimatized to the 
alpine conditions o f  severe cold and rarefied air, because they 
have bigger lungs, underdeveloped sweat glands, and thick fur. 
Moreover, their blood contains more red cells than animals 
o f  low altitudes. Red blood cells are oxygen carriers. When  the 
density of  oxygen is low, the number of  red cells multiplies to  
enable the normal anlount of  oxygen to be carried to  the tissues. 



Thc tablc bclow shows that the number of red cells in the blood 
of shccp increases with the altitude at which they graze: 

Below 1 .((XI 

3.600 (in Tibet) 
4.2lJO 

Number of Red Blood Gllr 
(per cub~c millimeter) 

9 million 
10.93 million 
12.37 million 

Although the strains of animals on the Plateau are good in 
general, to raise their productivity and the quality of animal 
products fine breeds from other parts of China have been 
introduced. 

While the wool from Tibetan sheep is good enough tor 
coarse clothing and rugs, it cannot be used for spinning. So, in 
1962, fine-woo1 and semifine-wool sheep were introduced for 
crossbreeding. The experiment has been a success: wool from 
the new generation of sheep matches that of the h e r  Mongolian 
sheep in quality and surpasses that of the local sheep in quantity. 
At about the same time, fine-breed cows from the Hulun Buir 
Grassland in Inner Mongolia were introduced to the Plateau to - 
improve the local breed. They have become gradually 
acclimatized to the harsh elements and high altitudes. Their 
crossbred offspring are an average of 10 centimeters taller than 

- - 

the local cattle, and they give from three to four times as much 
milk. 





8. bvwd with &k lomg hair, yaks a n  4. Stud bulls of rhe Bhhou breed, gzaring g. A herd of yaks grazing on the wide valley 
widmad pnineat mu-, dphe mld, by the Npag Riaer NW in south- psslund of the North Tibet plateau. 

rraetihd air. * Wctlwy east Tiha. Bin&ot8 dtb &dm 6. horses am stocky, =nd can travd 
di6dt to u r n d % n o - ~ m - * b * d  long dhmca over rocky mountains. 

aPluBc *id. p o d  b a f  artd milk. have 
aedinta* d~emrelvc~ wid1 to nhc alpine 
conditions of  the Qinghai-Tibet Plateau since 
their innoduction to nhe region. 





7, The Ngari hone of west Tibct is an im- 
proved breed of the Tibetan horse. 

8. Tibetan sheep are an offshoot of the sheep + 
of northwest China. They have a long. elastic 
wool which is good material for carpet- 
weaving. 







FOREST=- 
THE PLATEAU'S 

=REEN 
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I f  one tnvcrses the h ig l  nioiintains of  tlic soutl~ern Hcngduan 
Ra~igc  or  penetrates tlie vallcys of  thc lo\ver YarlunS ZanSbo, 
one will find onesclf immerscd in a sca of  virgin forcsts 
fringing China's southwest border. This is thc Tibct Forcst 
Zone, a vast green treasure-trovc whose value has not yct bccn 

fully rcvcalcd. 
After tlic Oligocene epoch, thc South Asian platc floatcd 

north fro111 thc soutlicrn hemisphcrc and eventually coalcsccd 
with the Eurasian plate. The  forcc gencmted by thc collision 
of  thc two plates pushed thc land up\vard to for111 tlic vast 
Qinghai-Tibet Plateau. During the subscquent Quaternary 
period, the alternating glacial and interglacial pcriods that 
occurrcd in the northern hemisplicre complicated thc migration, 
mixture, and diffcrentiation of  the forest plants of  thc clcvated 

Plateau, rcsulting in the rich and varicgnted trcc spccies there. 
The different clinlatic conditions o f  tlie Tibet Forest Zonc 
have madc it possible for a wide varicty of  vegetation to  
flourish, including Inore than fifty forest formations and a still 
greater number of  forest types. It is indecd rare for such 
diverse vegetation to  be concentrated in one region. 

Under the influe~lce of  their nlonsoon climatc, the decp 
~ilountain valleys and secluded ravines became the sanctuary o f  
a numbcr of  ancient species of  forest trees. According to 
the preliniinary investigations of  our rescarch team, there are 
at present over 1.300 specio of  tall trces and shrubs in the Tibet 
Forcst Zonc. These can be classified under more than IOO 

fanlilies and 300 genera. Among thcse, there arc conifcrs of  
high ccono~nic valuc, which alone belong to 8 families, 16 

genera, and over 40 species. In addition to thosc species of  
conifcr that can be found in othcr provinccs, such as the 
Yunnan pine, alpine pine, armand pinc, wcst Sichuan spruce, 
and ycllow-cone Likiang spruce, there arc i 5 spccies which 
can bc found only in Tibet. The most conlmon of  these are the 
Himalayan pine, long-lcaf pine, long-lcaf sprucc, Himalayan 
fir, Hinialayan larch, and Himalayan cyprcss. 

Thc conifers are cxccptionally tall and crcct. Thcir 
stmiglit-grained, water-resistant wood with its high te~lsilc 
strength nlakes cxcellcnt tinlbcr for furniture and building 
purposes. This type of forot  trcc is particularly sturdy and, at 





the same time, is endowed with a unique beauty. The spike 
fir, for instance, locally lu~own as "siernngxiirg," survived the 
violent climatic changes of the Quaternary ~e r iod .  Its long, 
broad leaves have on their lower surhce two distinct rows of 
breathing pores, while its seeds have a scarlet coating. This 
precious plant, as the living fossil of its ancient species, is rarely 
encountered elsewhere and is very much treasured as a decorative 
and afforested tree species. 

O n  slopes which have a temperate or subtropical climate, 
broadleaf trees predominate. The rhododendron, rose, and 
legume families are the dominant ones of this group, followed 
by the honeysuckle, willow, camphor, and cupule families. 
O f  these, the camphor tree, Phoebe riaiiiii~i, magnolia, Chinese 
toon, oak, and mountain ash all furnish excellent wood. Some of 
them are noted for their beautiful coloration; others are famous 
for their fine-textured hardwood; still others, for their aroma. 
All provide first-rate nlaterial for furniture and building. 

The tropical evergreen broadleaf forests also include 

many valuable species of hardwood broadleaf trees which supply 
high-quality material for making durable furniture and tools. 

The timber reserve of the Tibet Forest Zone averages 220 

cubic meters per hectare, the highest in the whole country. 
As one passes through the zone, one often comes upon 

colossal trees whose tips seem to touch the very clouds. Some 
spruce and fir trees reach above 70 meters, equaling the 
height of a twenty-storied building. It would take six persons, 
standing on the ground with arms outstretched, to encircle 
the trunk of one of these trees. Such a tree can yield as much 
as 40 cubic meters of timber. It would require ten trucks, 
each with a ten-ton capacity, to transport such a huge quantity. 

Most of the trees grow at a remarkably rapid rate and 
continue to do so over a fairly long duration. Those that 
grow most rapidly are the Himalayan pine, long-leaf pine, 
Yunnan pine, and armand pine. In a relatively favorable 
environment, trees between 20 and 40 years old can increase 
by more than I centimeter in diameter and I meter in hcight 
each year. For example, the Yunnan pine in the Zayu area, 
in southeast Tibet, takes a mere 130 years to attain an average 
breast-height diameter of 72.3 centimeters, a height of about 



SO meters, and a per-hectare timber reserve of I,OOO cubic 
meters. By contrast, the red pine, the chief timber-producing 
tree in the Lesser Hinggan Mountains in northeast China, 
requires 220 years to reach a breast-height diameter of 46 
centimeters, a height of 29 meters, and a per-hectare timber 
reserve of 800 cubic meters. The spruce of the Borni area, in 
eastern Tibet, can, under the genial cl~matic conditions of the 
vallcys, also yield high timber reserve-ver 2,000 cubic meters 
per hectare. 

The rapid growth and fine wood-yield of trees In the 
Tibct Forest Zone are accounted for by the propitious climatic 
cond~tions of southeastern Tibet. The major part of the zone is 
located on the south side of the Plateau's mountains, which 
d~rectly faces the northerly Inonsoons traveling from the 

2 Tllc Hllllala~an cyprc\s 1% a tree speclcs pccclllar to tllc Indian Ocean. The w~nds br~ng with them an abundant amount 
vallcys of thc mlddlc rcachc? of thc Yarlung. Of moderate 
hclght, sonle of tl,csr lrccs breast- of water at a tinle whcn the forest plants are in their growing 
hcrght d~ali~ctcr I S  4 I I ~ C ~ C I S  season. After the monsoons, when the dry season sets in, the 

valleys and nlountalns are enveloped in clouds and mists, which, 
to a certain extent, compensate for the shortage of moisture. 
Because the lofty Plateau 1s blessed with intense solar radiation, 
a low latitude, and an immense accun~ulat~on of heat, the Tibet 
Forest Zone has abnornially high temperatures for winter, 
reducing the possibility of damage by extreme cold, and affording 
except~onally favorable conditions for tree growth and better 
qual~ty of t~mber. Slnce temperatures vary little throughout the 
year, plants can grow over a long period of time. In summer, 
heat waves, whlch could be detrimental to tree growth, are - 
scarce. Further~nore, the great difference in temperature between 
day and night accelerates the absorption of nourishment. 

Because the virg~n forests of Tibet have so far been kept 
Intact, they are rarely afflicted with plant diseases or infested 
with Insect pests. Trecs which grow in areas below the alpine 
belt have a part~cularly low rate of decay, a phenonlenon that 
IS without parallel in other forest zones of the country. 





+ 3.  (;lursy Cnr~oAt,n~ln, a precious mcdicinal 4. Glossy Gonodrn~~n-a close-up. 
fun~i17.  It tllrivcs under alpine oak$ that pre- 5 ,  -Mol,key,s hcad,n a kind of mushrooln 
dolnin.ltc on rlopcs of 3.ooo nlrtcrl above sea w ~ l i c ~ l  gro,vr trees, is a rare dcllcacy, 
lcvrl nroilnd tllc llnrscsl~oc bend of the Subsidiary products like [his are in 
Y ; ~ r l u n ~ ,  \\rllcrc rain is plcntifill and the c,,rrsrs, 
cl l~l~atc gcll~al. 
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11. CF am Iptne and ~ ~ t e d  in areas la. Growing fast and fiunirhing fine wood, 13. ~n central and eastem Tibet, on mountain 
w h h  giw m y  m a d o w  or alpine the Himrlnym pine is m i m p o m  tree dopa between a,jw md 3.500 meters above 
n?nlbs. ~pccie~ on the south face of the Himalayas sea level, there are dpine forest6 of ordc$ 

within the bomdary of Chinn. shape. The alpine pine, which grows va'Y 
fat. is one of the chief sources of timber. 









A s  one treks soutllward on the Qiqhai-Tibet Plateau, 
crossi~~g the Duoxiongla Pass of Mount Na~njagbarwa at tllc 
eastern end of the Himalayas and descending to the deep valleys 
of the Yarlung Zangbo, one undergoes the unique experience of 
witnessing the four distinct seasons of the year in the short 
space of two to three days. 

Once the pass is reached, the traveler is chilled, even if it is 
spring or sumlner, by the freezing winds that blow across the 
surrounding snowcapped sumnlits. As he descends the steep 
mountain slope, however, the increasingly hotter weather will 
cause him to doff successive layers of outer clothing. When 
he finally reaches the iron-chain bridge spanning the Yarlung 
at Medog, he will find himself bathed in sweat as the sun 
blazes down ~nercilessly upon him. With the change in climatic 
conditions, he will have noticed an increasingly richer variety 
of plant species. Medog (Tibetan for "flower") County, on the 
banks of the Yarlung, offers, as its name indicates, a particularly 
lush display of green vegetation and colorful blossoms. 

He~nlned in on three sides by the looping river and rising 
to a colossal height of 7,756 meters, Mount Nanljagbarwa 
presents a colnplete vertical zonation of vegetation forms that 
appear in the humid areas of the northern hemisphere, ranging 
from plants of the alpine snowbound belt to those of the 
low-mountain tropical belt. 

In the tranquillity of the summit, around the lower 
fringe of this apparently lifeless snowbound world, grows and 
~llultiplies the variegated snow-alga. Close to the snow line 
at an altitude of 5,000 meters, the mean annual temperature is 
about o0 C. When the snow thaws, a number of seed plants 
begin to sprout on the craggy slopes. They include the woolly 
snow lotus and integrifolious poppy, the succulent-leaved red 
stonecrop and the cushion-like white sandwort. Besides these, 
the alpine meadows are covered with tiny-leaved, short-stenlmed 
~ l a n t s  and shrubs such as the rhododendron, willow, primrose, 
saxifrage, and gentian. Altogether they form a huge resplendent 
wreath around the base of the mountain's snow crown. 

Between 2,300 and 3,700 lneters above sea level, the climate 
is telilperate and humid, with the llleall annual temperature 
ranging from 3" to I I "  C. Here, the tall and dense needle-leaf 



and nlixed 11eeJlc- and broadleaf forests encircle the waist of 
Mount Nan~ ja~barwa  likc a wide emerald girdle. The upper half 
of the consists chiefly of firs. Their needle-like leaves spread 

out ill  all directions to intcrccpt the sunshine before it reaches the 
gound.  As a result, the soil is cold and dank and covered with 
moss which spreads likc a soft, thick carpet over the forest floor. 
Thc firs arc interspersed with honeysuckles, maples, European 
bird cherries, and glossy-leaf Chinese canes, as well as a 
profusion of rosebushes bearing countless buds. Ditches and 
roads are lined with raspberry bushes, whose ~iquantly sour 
berries arc irresistible to every passerby. In the lower half of the 
girdle, where precipitation is greater, sturdy helnlocks stretch 
out their drooping branchlets festooned with tassel-like 
epiphytes such as Usnea. In su~nmer the forests, immersed in 
thick clouds and fog, become even darker and more humid. 
Trce trunks are covercd with moss and ferns; edible ~nushrooms 
spring up among Llllcn twigs and thick piles of leaves, along 
with clusters of Plo'qioxyrio and clearweed with pellucid and 
water-saturated stems and leaves. But perhaps most outstanding 
are the red-bark rhododendrons. These plants grow into 
12-meter-tall trees with thick, crooked branches and twigs. 

The cli~nate is even warmer and Inore hurnid in the region 
between 1,800 and 2,300 meters above sea level, where the 
mean a n ~ ~ u a l  temperature stands at 12" to 16" C. The 
precipitation is also greater than that of the region immediately 
above. Here, in the evergreen broadleaf forests, the lamellape 
evergreen oak of the cupule family predominates, with an 
admixture of tall canlphor and Phoebe nanrntr trees. In contrast to 
the pillnacle of the conifers, each treetop is a rounded canopy. 
Thc tree trunks are coated with moss dotted here and there 
with leaf fcrn, while Agapeter tnannii and wild black pepper 
cling to their branches. The shrubby undergrowth here consists 
mainly of banlboos, including a species that has a ring of 
thorns growing around its nodes. 

Below 1,800 meters, the atrnosphere is much clearer. 
Preponderant among the forest trees here are the evergreen 
chinquapins, which are over 30 meters tall. These have centipede 
tongavine gripping their trunks and clusters of  huge-leaved 
wild bajiao bananas growing in the shade of their foliage. The 



betel nut palm of the ~ a l m  family, representative of the southern 
subtropical region, appears at a height of 1,600 meters above 
sea level. Farther down, at an altitude of 1,300 meters, the 
Cyathen, a genus of tree fern, appears. This plant with a 
woody sten1 is the descendant of an ancient species that 
flourished 70 nlillion years ago in the warm and humid climate 
of the Mesozoic era. Although it died out in other parts of 
Tibet during the repeated glacial periods of the Quaternary 
period, it has survived in southeast Tibet because of the area's 
peculiar monsoon climate and geo~norphological conditions. 

Below an altitude of 1,100 meters, the valleys present 
spectacular tropical landscapes. The mountain slopes are cut 
into tidy, green, terraced fields. The wooden huts of the 
Monbas, who inhabit this area, are tucked away among tall 

Vertical Zonation of Vcgctation of Mount 

Natnjagbarwa, Eastern Hitnalayas 

The southeastern part of Tibet, with ib towering 
mountains and deep valleys, shows a vast range ofalti- 
tudes. The distancc between Mount Namjagbanva and 
Baibung Village in the Yarlung Zangbo valley is a mere 
45 kilometers, yet the difference in elevation is more than 
7.000 meters. All the vegetation forms occurring in the 
humid areas of the northcm liemisphcrc, from thosc of 
the cool tempcratc z o ~ ~ e  to thosc of the tropics, appear 
in orderly succession on thc niountaln slopes as they 
decrease in altitude. 
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banana trees and wild orange, tangerine, and lemon groves. 
Here, summer is exceptionally long. Winter is nonexistent, 
with the mean annual temperature standing at 16" to 18" C. 
The lowest temperature is well above zero; thus there is no 
word for "ice" in the vocabulary of the Monbas. The 
moisture-laden air currents coming from the Bay of Bengal 
in the south move up to the valleys, resulting in an annual 
precipitation here of more than 2,000 millimeters. 

In the tropical virgin forests that spread far and wide over 
this area, there grow a great variety of plants, with no one 
species predominating. Trees, shrubs, epiphytes, and creepers 
are intricately intertwined, presenting a wondrous sight of  lush 
verdure. The highest tier of  vegetation in these forests consists 
of the canopies of the evergreen broadleaf trees such as the 
tropical-almond Terminalia, southwest crape myrtle. Homalium, 
and the many kinds of banyans, whose striking features are 
their straight trunks; smooth, light-colored bark; and the 2- to 
3-meter high,  lank-like buttresses which have developed around 
their trunks. The southwest crape myrtle is particularly 
outstanding in appearance. With a height of  40 meters, it does 
not branch till two-thirds of the way up. Its smooth, light-green 
trunk presents a challenge even to the most agile of monkeys; 
hence its nickname "dergongxing," which, in the dialect of the 
Monbas, means "too dificult for the monkeys to climb." 

Trees of secondary height include the twinflower Abelia, 
heliotrope Ehretia, and Chinese Altingia. Some of these have 
thread-like air roots hanging from their boughs. Others bear 
fruits that grow directly out of their branches and twigs-a 
phenomenon which the local people describe as "flowering on 
the old stems." The Gynocardia odorata of the chaulmoogra 
family, for instance, which is called "apidu" in the dialect of  the 
Monbas, is laden with yellow fruits the size of apples. 

All these features-the plank-like buttresses, the air roots, and 
the "flowering on the old stems"-are characteristic of tropical 
rain-forest trees. 

There is an even greater variety of lianas in the forests, 
includi~lg the palm, grape, legume, and gourd families. Their 
long vines entwine the~nselves around the trunks of the tall 
trees standing nearby. Fens, mosses, and orchids also cling to 



the trunks of  the trees o r  sonletimcs nestle in their crotches, 

~naking  their straight trunks look swollen and ungainly. 
These dense tropical forests contain a multitude of  plants that 

can serve specific purposes. Among the most precious medicinal 
herbs are cardamonl, used for treating gastric troubles; 
Erlmda, for nephritis; Choerospor~dins nxil laris and betel pepper, 
for cardiac diseases; Clarodi>r~dror~ serrolrrrrr sprery, a species 

of  glory bower, used to prevent malaria; the gainbier plant, 
for rheumatism; and Dcr~drobi~rrrr r~obi lc ,  a species o f  orchid, for 

indigestion. 
Plants of  commercial value are also found in abundance 

here. The kernel of  the Hodgsorlia rrronocnrpa, which tastes o f  
peanuts and is used to stop bleeding and help swellings subside, 

contains 77 percent oil, is also of  use in industry. The  fibers o f  
the Strrc~r l in  rlobilis can be used as diversely as hemp. Vines and 

banlboos serve as good material in weaving handicraft and 
household articles such as baskets and chairs. In the vicinity of  
Medog, there is a bridge over the Yarlung Zangbo made of  

interlaced white vines o f  the palm family, each 20 to 30 meters 

long. The wild oranges, citrons, and eared strangler figs are 

all edible fruit. The intense heat and rich rnoisturc here are 

extremely conducive to the growth of  tropical plants o f  high 
economic value. Bananas, tangerines, tea, and sugarcane have - - 
been successfully introduced into the area. Prospects also look 

bright for the cultivation of  cinchona trees, coffee, pineapples, I .  A rattan bridgc ovcr ~ I I C  Ioxvcr Yar111ng Zangbo in rllc 

star anise, lichees, longans, mangoes, The fertile valleys of v ' c ' ~ ' ~ Y  of  Mo""' N""~asb"'"" TIlc rfltan Paln1 gro"" 
profilscly in thc tropical cvcrgrccrl ram forcst of tllc 

the Yarlung Zangbo in Medog County will n o  doubt soon take soutI~castcr~~ part of t h ~  Qillgha~-T~bct ~'latcau. Tllis 

their place beside the nlajor zones in China that yield high-value kind ofncttcd rattan bridge is ~lscd to spa'' many of 
tributaries and cvcn thc m.llnstrcam of  thc Yarlung on 

tropical plants. thc southcastcrn Platcau. 

It seems incredible that this area on  the southern slope of  
Mount Na~njagbarwa, which lies on latitude 29" north, well 
beyond the Tropic o f  Cancer, should contain all the chief 
vegetation forrns of  the humid zones in the northern henlisphere, 
including even the northerninost tropical rain forest. The reasons 
for this are manifold. 

The actual surface area from the towering peak of  Mount 
Nanljagbarwa to the deep valleys of  the Yarlung Zangbo is 
quite extensive. It therefore affords a wide range of  climatic - 
conditions and soils suitable for the growth o f  its diverse flora. 



2. The broadleaf forests of Mount ~amjagbarwa arc The Plateau and serried mountain ranges prevent cold mm~~ts 
enveloped in mists throughout the year. Their dense 
canopies prevent light from reaching the ground, which is from the north from entering this region, so that tempera- 
covered with moss. Climbas and shrubs A0 grow in do not drop too low. Moreover, the intense solar radiation 
profusion, forming thickets that are di&ult to penetrate. 

which exists on the entire Plateau and the warn and humid 
air masses that blow directly across from the Bay of Bengd 
raise the temperature of this region considerably. 

Mount Namjagbarwa draws many scientists to its slop 
on long-term research projects to explore the diverse facets 
of this lush and attractive part of the Plateau. 
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11. Epiphytic orchids in an evergreen broad- 
leaf forest. An epiphyte is a plant that grows 
on mother plant or object, but is not parasitic. 

la. &&obiurn cbysmthwin, a climber. The 
foothill tropical everpan rain forest is found 
in regionr o f l a  than 1,zoo metera above sea 
level. The forest is characterized by a vast 
variety of tree species and by an abundance of 
climbers, whose fruit support the rich and 
varied fauna of the tropics. 

13. Ficus srmicordata, a species of fig. The red 
fruit in the picture are its hypmthia. They 
are edible when ripe. 

14. Hdychiurn parvibrac~catum, a ground flora 
of the evergreen rain forest. 

15. The tiger flower, an undergrowth of the 
tropical evergreen rain forest. Its wiry calyx= 
look like the wlliokers of a tiger znd iu white 
epicalyxcs resemble tlic ean; hence iu name. 



16. Lagnstmemia n~invtinnpq r form ofsap 
myrtle. Its m o t h  gra* bark prc&Sm%- 
in the avecgm rain fomt in r;aurmq! 
in the Yaclung Zangb *%-so 
meters above ocn Id. - 

17. The Inl.FyiIku s +of 
50tlUOUS rhc found ds* h*- 
g r o w s o n a a p s g m m c a e ~ n ~ r r ~ - ~  
in e ~ c c p p u  nia forab 





+ x8.The Cyathea, a genus of tree fern, is a 
typical plant of the mountaids warmer 
reaches. 

19. Wi io seed kernel containing 37 percent 
oil, Gynocmdia odorata, of the chaulmoogra 
family, is an excellent oil-bearing woody 
plant. 

20. Rhaphidophora, an epiphyte of the tropical 
evergreen rain forest. 

rr. A tropical-almond Terminalia, a major 
tree species in the evergreen rain forest. 



a& PLnninr. In Nlsdog counrygrowmany 
kindsaf&ui~ofPhempicduld lunitrepM 
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24. A butterfly poised on a blaeom with 
wings outspread. 

1 s .  The butterfly, leaf-ke. is well canms- 
flaged in the foliage. 

a6. A tree frog of the tropics. It nn dimb 
a trcc: hence its name. 





H O M ~  OF 
WILDLIFE 



T 1 1 c  v.~st North Tibct plateau. with its rougll, clcvatcd 
terrain, its rareticd air, and its dry. cold cli~natc, presents too 

rugged nn cn\.ironnlcnt for most of  the birds ;md bcnsts 
co1n111onl~ sccn in nlorc Iiospitnblc regions of  the worlci. Far 
fro111 being a place o f  awesome stillness with hardly any 
l i v i n ~  creatures, howcvcr, it abounds in rare species of  wildlife. 

The largest o f  the wild animals native to  the North Tibct 

platcau, and the nlost re~~~ark . tb lc ,  is also the one most commonly 
associated with Tibct: the yak. The yak has a massive body that 
Inay mca,ilrc as ~ n u c h  ac thrcc nletcrc long from muzzle to 
h i~ ld~uar tc rs ,  and it may be two meters tall at the shoulders. 
Thc highest-dwelling nlanlmal in the \vorld, it is marvelously 

well adapted to its harsh environment. Its big, heavy head and 
its body are covered with dark brown hair so long that the 
thick layers of  wool hanging from its flanks flap like aprons as it 
I ovcs about. Further~nore, it has underdcvcloped sweat glands 
t I ~t nlinimize the loss of body heat. Thus protected from the 
bitter cold and piercing wind of  their natural habitat, yaks can 

survive on icc or frozen snow, mld they may be secn grazing on 
the North Tibct plateau cvcn in temperatures as low as - 30" C. 

Although the grasses on  which the yak grazes are usually 
short and sparse, thc animal's long tccth and thin lips help it to 
obtain enough food. The  yak's strong legs and solid hooves, soft 
and elastic on the underside, enable it to travel long distances - 
over rocky, hilly terrain. Its unusual lung capacity enables it 

to obtain suficient oxygen fro111 the rarefied air: while the 
lungs of  an Inner Mongolian ox, for example, represent 0.47 
pcrccnt of  its total weight, those of a Tibetan yak account for 
1.4 pcrccnt of its weight. Although its vision is poor and its 
view obscured by its shaggy hair, the yak possesses a kccn sense 
of  s~nell which warns it of  approaching danger. 

Once, as our truck was speeding across the plateau, we 
somehow inadvertently offended a solitary yak. The beast turned 
2nd rushed at us in a fury, smashing our tailgatc and propelling 
the truck violently forward for several meters. T I ~ O L I ~ I I  i t  will - 
unhesitatingly charge whcn attackcd, the w ~ l d  yak is not 
provocative. In IIIOI~ICII~S of danger, the adults protect thc 
young by rounding them up and standing g ~ ~ n r d  bc\idc t h c ~ n ,  
their heads lowered and their huge curved horns pointing in the 



dircctiot~ of  the encnly. The bull yak is especially bellicose 
during the mating period, and an ur~usually ctrong male may 
claitll as many nc  tell female partncrc. This breeding by natural 
sclcctioll tends tu ensure the sturdy physique of  the ncxt 
generation and the survival of  the species. 

During the early Quatcrllary period, wlicti the climate 
on cart11 was 1nuc11 colder tlia~l at present and thcrc were 
repeated ~na jor  glaciationc, the wild yak roamed over large 
parts of  nortlier~l Asin and Europe. 111 tnorc recent gcologic 
periods, however, as the glaciers retreated and the climate grew 
wartncr, the habitat of the wild yak bccanlc increasingly 

- .  

restricted. Today it is a rare aninlal, found only on the 
Qinghai-Tibet Plateau and in the neighboring regions of  
Kashmir 2nd Pamir. 111 China, i t  has been designated as a 
protected aninlal. 

Another lloofcd licrbivore native to thc North Tibet plateau 
is the wild ass, which the Tibetans call "wild horse." It is 
really ~leither h o r x  nor ass, though it reseli~bles the one by 
its speed and the othcr by its long ears and noisy braying. 
There are two spccies of  wild asses in the world: the African, 
which has almost disappeared as a species, and the Asiatic, the 
latter i ~ i h a b i t i ~ ~ g  the deserts and grasslands o f  China and Central 
Asia. Because the cnvironnlent differs greatly fro111 one part o f  
this vast area to another, the Asiatic wild ass has developed into 
three subspecies distinguished by differences in size. The  Iranian 
wild ass is the smallest and the Motlgoliari subspecies somewhat 
larger. The Tibetan wild ass is the largest o f  the three and much 
taller than the ordinary donicstic ass. The  dark brown o f  its 
upper body contrasts sharply with the grayish-white o f  the 

lower half nnd the inner side o f  its legs. It has also been 
designated as a protected animal by the Chinese. 

The speed of  the Tibetan wild ass enables it to escape its 
cnctnics and to scck grazing groutids at great distanres from its 
watering places, which are scarce on thc arid North Tibet plateau. 
O u r  research team often saw groups of  d o z e ~ ~ s  and evcn 
Iiundreds of wild asses running at speeds of  up to 60 kilonieters 
all hour. O~lcc ,  as we  wcre driving through a belt-shaped 
basin it1 North Tibet, we encountered a herd o f  wild asses that 
darted fearlessly in front o f  the truck, raced ahead, and then 



~ ~ o n c l ~ a l a n t l y  until we had nearly caught up with them. 
The  ani~nals repeated this maneuver again and again. Finally they 

galloped off, apparently satisfied that they had demonstrated 
their superiority. 

H o w  is it possible for the Tibetan wild ass to run so fast at 

an altitude wlicrc the air is so deficient in oxygen? The  animal's . - 
amazing sta~nina is probably related to its strong limbs and large 

lungs, and especially to its well-developed heart. Though a wild 
ass weighs considerably less than an ox, it has a much bigger 
heart, the result of  evolutionary adaptation to the rarefied air 

of  its environment. 
Even swifter tI1a11 the wild ass is the Tibetan antelope. It 

weighs only 50 kilogranls on  the average, but it has a heart as 

big as that of  an ox, and a well-developed nose with extended 
~lostrils. These ani~nals move about in groups o f  from three to  a 

dozen or  Illore. The males have a pair o f  black, noded, slightly 

curvcd horns, which are about 70 ce~lti~ileters long and very 
sharp. W e  were told of  wolves that had had their bellies ripped 

open by the Tibetan antelope's horns. During the mating period, 

the ~ n a l e  antelope keeps a watchful eye on a strictly p a r d e d  
group of  perhaps a dozen feniales. Any contender faces a fierce 

struggle, which Inore often than not ends in the death of  one 
o f  the males o r  the wounding o f  both. - 

The horns o f  the Tibetan antelope, powdered or  reduced to 
an extract, are used as a medicine that Tibetan doctors prescribe 

for hastening childbirth and for treating goiter, gastritis, and 
prolonged diarrhea. Like the Tibetan wild yak and the wild ass, 
this valuable and beautiful animal, which is peculiar to  the 
Qinghai-Tibet Plateau, is listed among China's specially 
protected wildlife species. 

The Tibetan gazelle is seen almost everywhere on the North 
Tibet plateau. It is 111uch s~naller than the Tibetan antelope, 
weighing only 20 kilograms. The male animal has short horns, 
while the female has none. When the gazelle runs, the brown - 
hair on its buttocks stands on  end, revealing the white underhairs, 
which look like a disc, clearly discernible froni afar. 

The blue sheep, found in rocky, cliffy areas, are nimble 
creatures conlpletely at home on rough terrain. At the approach 
o f  an enemy, they make off as fast as they can, with a male in 



I .  Entellllr monkeys live in thc subtropical Chinese call it "long-nil monkq." Grayish- 
and tropical forests on the south side of the brown hair grows on its back, on &outer 
Himalayas. Iw than z,jw meters above sea sides of its limb, and on its d, while milky- 
levcl. They like to move about in groups. The white hair coven its hrxl and brwt. The 
body of an entcllus monkey is about 80 hair on its head is long enough to cover ia 
ccntin~cten long, and it has a tail about 90 ears. 
centin~cten long, which explains why the 



tlic lead of  the flock . ~ n d  another bringing up the rcnr. The  

argnli sheep lives in similar terrain. Thc  nlalc has huge, 

spiral-shaped horns that coil back toward the cars nnd then 
extend to the front. 

The  North Tibct plntenu also has a small ~ l u ~ i i b c r  of  brown 
bears, snow leopards, wolves, Europe.in lynxes, 2nd other 

predators. Most of  these prey on rodents like tnicc and hnrcs, 
but they also attack the smaller hoofed hcrbivorcs. 

Travelers on  the North Tibct platenu often tilcet with small, 

chirping birds, such as ground choughs nnd snow finches, 
hopping in .itld 0111 of  lioles dug by bl~ck-nosed Inousc hnres. 
This curious phetionicnon is explained by the h c t  that 

there .Ire few trees o r  ~ L I S ~ ~ C S  on  the plnteau to offer sl~cltcr from 
the harsh weather o r  coticealtnent from the eagles and other 

predatory birds that often circle overhcnd. The birds nnd 
t~louse hares have learned to cocxist pcnccably in the snnic home, 

sharing its protection against their common cnetnies. 
Many kinds of  waterfowl inhabit both the frcsliwntcr and 

salt lakes, commo~lly making their nests on thc islands. In 
July, when we were exploring the western part o f  the North 

Tibet plntcau, we made an expedition to Bird Isle in the ~iiiddle 

of  Lake Bangong. W e  found the island swarnling with 
brown-headed gulls which, frightened by our npproach, flew 
up in such nunlbers that they darkened the sky. At almost 
every step we came upon a nest nlndc of  watcrweeds, usually 

containing three light-blue eggs with brown spots. 
Like the gulls, tlic bar-licnded gccsc arc migratory birds that 

sliuttle between the South Asian subcontinent and Tibct, crossing - 
the Hitnalayas every spring to make their summer honlc on tlic 
Plateau. The ~osl ings,  liatclicd from eggs three to four times the 
size of  hen's eggs, are raised in the lush grass of  lake shores and 
riverbdnks, and by the end of  sumnler arc able to  follow the 
adults on tlicir flight south. 

In the nliddlc of  the Dnmqog Zangbo, tlic hcadwnterc of the 
Yarlung Zangbo, I~ec a sandbar that is the summer habitat of  
nearly a thousand bar-headed geese. W e  found nn old Tibetan 
living nearby who had been arsigtied by Iiic commune to 
look after the birds. O n  condition that the geese were 
guaranteed nornial propagation, he agreed to pick up  scvcral 
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tllousalld goosc eggs a ycar for the commune as a collective 
earning. Thc geesc had become his good friends, and the 
cheeping goslings would follow him unafraid as he went about 
his chores. 

The bar-headed geese are prized for their tender, tasty meat, 
as well as for their down and thcir eggs. Sonle families in the 
western part of the Plateau now raise a few of these birds, or 
sonletil~les flocks of them, as domesticated fowl. Certain of the 
wild ~~lanl l~ la ls  can also be bred in captivity for man's purposes. 
In thc vicinity of Lake Bangong, for example, we saw tamed 
wild asses pulling watcr carts more effortlessly than horses. And 
throughout the Qinghai-Tibet Plateau, with the exception of the 
warmer low-lying areas, do~llesticated yaks are used for a 
dozen different purposes, providing meat, milk, hides, and wool, 
and serving as well for transport and as draft animals. 

5 .  The argdi sheep are distinguished by their 
coiling. spiral-shaped horns. 

6. A wild yak shot by our scientific research 
team as a specimen. Its body was found to be 
2.2 ~iietcrs long, its shoulders 1 . 3  meters 
high, and its tail 37 centimetenlong. Though 
weighing more than a ton. it was only of 
medium size anlong its kind. 

7. Wild yaks on the North Tibet plateau. 
These giant herbivores often roam in hcrdc. 







H. W r ~ g h l l l g  a r e d - b r c a w d  tmgopall.  T r a g o -  
pall\ I ~ v c  In I I I I I C ~  ~ o n l f c r ~ ~ ~ c  a l l ~ i  broacllcaf 
forr\r\  on tllc ioutll  elope o f  t h r  H ~ l l ~ a l a y a s .  
less t11a11 j,ooo 111ctcre a b o v r  sen Icvcl. Tllc 
rnalc b~rr l \ ,  c\pcc~ally. l ~ d v c  b r ~ g l l t  a n d  
b r . l ~ l r ~ f ~ l l  fc.~thcrs. Trasopal l \  ,lrr trca\urcd ac 
.I r.lrr cpcclc\: rllcrc arc o111y a \111all nlllilbcr 
111 c x ~ \ t c ~ ~ e c ,  ~ I I L I  tlicsc arc ~CIIIIIJ 111 011ly a 

fr\\  ~ ~ ~ I L N I \  of (:11111a Ot l lcr  btr'ls in rllc 
~ p c t ~ ~ c  arc :  ,111 tllc h c n r l ~ ,  tiny s ~ l l l b ~ r d x  
(lrc1111) a11d a yclln\\-bcakc~l ~ i l a g t > ~ c  (mtr) ;  
111 tlir ba\Lcr o n  the g r o ~ ~ l l d  arc, alllcwg otlicr5, 

a \vhcarcar, a cuckoo,  and a lnounra in  
turtlcdovc. 

9. These  stlo\\. fincllcs live toycrllcr \\,irk 
Illnure 11.1rcs 111 tllclr I~olcs. Tllc s c ~ r c i t y  o f  
rrccs and bu\licc ~ u l t c J  t o  ncstlng crcatcr 
.I 11o115i11g sliortagc for rlic blrdr. su they arc  
o h l ~ g c d  t o  *Ilarc tlir  h o ~ l l c  o f  . ~ l l o r l ~ c r  spcclcs. 

10 .  Tlbcta11 sno\vcocks cauSllt by  the  
s c ~ c ~ ~ t ~ i l i  \ur\.cy tearll. \ l lo\\ .cocls arc c o m -  
1110111) ccrn 111 arcac unrlcr tllc sllo\v llnc but  

solllcrllncc appear  as IiigIi as 6 . m  n l e t c n  
a b o v e  rca Icvcl, w h c r c  the  g r o u n d  is covercd 
partly \ v ~ t h  grass, partly \ v ~ t h  bare rock. 
Tl icy  lliipratc according t o  t h e  reasons. b u t  
vcrtlc.~lly. r c l n a i n ~ n g  in rlic salnc region. 

I I .  Tllc T ~ b c t a l l  5and grouse l ~ v c r  o n  t h e  
n l radows.  Jcrcrts, a n d  s c n ~ i d n r r t s  

o f  t h c  Q ~ n g h a i - T i b e t  Plateau, at r l c v x i a n s  of 
4 . m  ro  5.000 Illetcrr. A newly hatched 
grouse  is rlio\\ . l~ herc ;  a11 adult b i rd  g c n c r ~ l l y  
wciglls Inore than roo grams. 



Jb * bdd &k 14. Aa migatory birds, the bhrsndecl g e e  1s. Brown-headed gdb on Bid in * 
~h~ c v q  apring to the Qinghai-Tibet Bangong, NgariPtefcctllre. 

-lY b w  Platuu h m  south of: the Hidayu. The 
, ~ b W d w y e t f o w 6 . t B c n .  fetnales lay their egga and harch the goslings 

on lake shores. P iwed  hero erc a flock of 
domaticated bar-headed geese in Ngari 
Prdecture, northwest Tibet. 













1 1 1  the autumn of 1975, when our research team came to the I .  Tllcsc nc\\.ly t r ~ ~ ~ s p l a n t r d  rca busllec arc 

middle reaches of  the Yarlung Zangbo. we  s~llelled everywhere ::::,;!':. ~ ~ c ~ , L ~ ~ ~ ~ , , ~ ~ l ~ r ~ ~ a ~ ~ L ~ ~ ~ ~ ~ ~ ~ c ~ i ~ ~  

the sweet scent of wheat and rape ~ l a n t  and heard the songs o f  rhc ~ i ~ o l ~ ~ o o n s  fro111 rhc 111dlan Occati.  

peasants wafted to us on gentle breezes. W e  soon learned that 
all abm~dant  harvest was expected, and the peasants told us 

with pride o f  the successes o f  recent years. 
One  of  the production brigades o f  the Zaxijicai Conlmune in 

Xigaze had reaped 580 kilograms of  spring qitigke barley per nru 
(I  t t l l r  = 111s hectare = 0.1644 acre), setting a national record. 

The  Xipnze Agricultural Research Institute, in its experimental 
winter-wheat plot, had also set a national record o f  836 kilograms 

per r111r. Vegetables, recently introduced to the region, had 

done vcry well too. There had been good crops o f  potatoes, 
the largest speci~nen weighi~lg a kilo and a half. The  heaviest 

turnip had weighed 1 5  kilograms, the biggest kohlrabi 20 

kilograms, and the sugar content o f  the sugar-beet crop had 

exceeded 20 percent. 
H o w  could this seeming miracle of  b r ~ ~ l i n g  have occurred in 

a region as high as the summit ofJapan's Mount  Fuji, a place 

where the climate is relatively dry and cold and where even 
in sumnier crops may suffer the effects of  frost and sudden 

hailstorms? The  answer is that the Yarlung Zangbo valley, like 
the other agricultural areas on  the Qinghai-Tibet Plateau, has 
two advantages that are o f  prime importance in farming: 

long hours of sunshine and a favorable temperature range. 
New arrivals in Lhasa arc invariably impressed with the azure 

sky and dazzling sunlight there. Lhasa has an average of  3,022 
hours of  sunshine per year, whereas Chengdu in Sichuan, for 
cxanlple, at about the salne latitude but with a much lower 
altitude, has only 1.249 hours of  sunshine. Likc most of  the 
Plateau, the Yarlung Zangbo valley has few cloudy days, even 

during the rainy season of  June, July, and August. In Lhasa, for 
example, more than 80 percent of  the annual precipitation occurs 

at night. In sulnnler, clouds usually gather in the evening, and 
rain pours down alllid rolls of thunder and flashes of  lightning; 
but at dawn the clouds disperse and the rain stops, heralding 
another fine, bright day. 

This weather pattern Ineans that the crops have sufficient 
moisturc for sturdy growth but also prolonged hours of the 





sunshine needed for Furthermore, the sunshine 

is intense, because thc air is thin and clcar on the Platcau, 2nd 
only a llegligible amount of solar radiation is lost in penetrating 
the atmosphere. 

The intense solar radiation causes thc temperature on the 
surfnce of the plant leaves to be higher than that of the 
surrounding air, which stimulates photosy~~thesis. It also warms 

the soil, especially in summcr. This makes it easier for thc 
plants to absorb moisture alld nourish~nent through their roots 
and particularly favors the growth of tuber and root crops, 
such as potatoes and tunlips. 

The strong solar radiation on the Plateau produces an 
abundance of ultraviolet rays. The ultraviolet rays ill sunlight 
not only help fruits and vegetables to accunlulate sugar and 
synthesize vitanlins but also improve their size and color. Small 
wonder that we found the apples along the middle and lower 
reaches of the Yarlung Zangbo big, sweet, and tempting. For the 
same reason, the sugar beets grown on the Plateau contain 
a higher percentage of sugar than those produced at lower 
elevations. 

Unlike certain other regions on the Qinghai-Tibet Plateau, 
the Yarlung valley is blessed with a mild climate. The 
te~nperature is generally cool, neither extremely cold in winter 
nor very hot in summer. While certain warmth-loving plants 
are unsuited to such a climate, others, especially winter wheat, 
thrive in it. 

The relatively low temperature has two beneficial effects for 
winter wheat. First, it prolongs the growth period, especially 
during the most important stages of the plant's developtnent: 
from the appearance of new shoots in the spring to the time of 
' 6 .  

jointing," and from the formation of heads to the time of 
ripening. These two stages take a total of thirty to forty days 
longer on the Plateau than in wheat-producing areas elsewhere 
in China. This means that the plants have more tinle for 
photosynthesis and are therefore able to accumulate more 
organic matter. 

Second, the cool climate protects the plants from the ill 
effects of excessive heat during the critical final period of 





from the heading stage to maturity. In wheat-producing 
regions at lower altitude, the high sumnler temperature at 
this period reduces the inteilsity of pl~otosynthesis, whilc at the 
sallle time increasing the plants' rcspiration activity, so that 
they consume more of thc ~ roduc t s  of  photosynthesis. Heat 
wilts thc leaves and forces the wheat to ripen prematurely. In 
the agricultural areas on the Plateau, however, even at midday 
the temperature rarely goes above 20" C ,  and at night it may 
drop to 8" C. This range of temperature not only prolongs 
and intensifies photosynthesis but also reduces the wearing down 
of its products, thereby promoting the formation of large ears 
and nlany, full grains. 

The same natural conditions that pro~note the growth of 
the crops-strong solar radiation, plentiful ultraviolet rays, 
and a cool, dry climate-also help to inhibit the appearance and 
spread of insect pests, thereby contributing to high and stable 
crop yields. 

These favorable climatic conditions are the primary reason 
for thc extraordinary harvests gathered in the middle reaches of 
the Yarlung Zangbo valley. The ears of  winter wheat grown 
on the Plateau are exceptionally large and full: a single ear may 
bear forty to fifty grains, whilc a wheat ear from the North 
China Plain, for example, bears only twenty-five to thirty 
grains. Moreover, the individual grains are heavier: one 
thousand grains fro111 Lhasa or Xigaze weigh 40 to 5 1  grains, 
while the sanle number of grains €row Beijing, at the 
northwestern tip of the North China Plain, weigh only 3 5 to 
40 grams. Consequently, the total yield for each plant is 
higher: in Tibet's agricultural areas, tell thousand ears of 
wheat yield approximately 1 5  to 20 kilogra~~ls, as opposcd to 
a yield of 7 to 10 kilograms in the farming districts on the 
North China Plain. Thc figures for barley arc similar. 

Not content with these nchievcments, the peasants and 
agro-technicians of different minority nationalitich on the 
Qinghai-Tibet Plateau have expcr i~~~ented  with growing various 
crops at increasingly higher clcvations. When a stablc yicld is 

obtained for ili~le out of ten years a t  a given elevation, tllcy 
considcr that the experiment has bcen successful. In this way 



3. Examining a new variety ofg@k-I& 
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have shown, for example, that corn can be grown at an 4. A qin&~ barley field in ~ g a r i  ~Kfc -  on 

the North Tibet plateau. Qingkr barley was 
dtihtdc of 3,a- meters above sea level, winter wheat at 4,100 developed from one of&e wild vnrietier. b 
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6. Olhnt cLBbrga gmwn ih the vicinity of 
xigw, saw mrxeta n b m  cep I W ~ .  

7. L fhc im twmty ycpn apple aaa have 
bvPa itwodud iato mrhua mbcc. Suit- 
able ~~ and r a i d ,  to+ with 
pLntifd d g h t  and ulmpidet ray, make 
b ffruic ocpcot0y big, colprful and sweat. 
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9. &pe p~ant growing in the Gyirong River 
vdcy on thc south face of the H~malayas, 
ncv the Nepal border. The golden flowers are 
m irraistible attraction to the raurch team's 
photographen. 
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ablation zonc. 52 
Abzha glacier. 54: 58. 62 
Africa. 36. 37. 1114. 124. 193 
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.4,p~iprrrr rrra~ri~. plant. 175 
agr~culturc. See iarniing 
allochthonous rock. 47 
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1.52-5.3. 181 
alpinc plant lifc. 138-45; 140-45 
Alps. Europcan, 52 
Alrirqin. plant. 177 
alt~tudc adjustrncnt. 92-93. 
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An~ugang glac~cr. 55, 58 
Andes Mountains. 52 
an~mals. 13 

domcsticatcd. l50. 198 
grazing grounds for. 138. 140. 

148-51. 174: 12-56. 184 
wild. 192-98: 195. 197-205 

Antarct~ca. 36. 37 
antclopcs. 194; 204 
"aprd~r. " plant. 177 
applc trccs. 210; 216-17 
Archacozo~c cra. chart. 38 
Archimedes. 33 
argali sheep. 196; 198 
arrcnic dcpos~ts.  74 
ash trees. 162 
Asla bell. plant. 140 
asses. w ~ l d .  193-94; 204 
asthcnosphcrc. 32 
Australla. 36. 37 
avalanches. 108-9: 6.1 
awned grasscs. 148 
Azhiq~kkul. Lake. 126 

Baibung Village. llr): 119 
Uaahula Mountams. 107; 116 
bamboo, 175, 178 
bmma bushes. 175. 177. 17H; 188 
Bangong. Lake, 196. 198; 131. 

203 
banyan trees. 177 
barley. 208, 214; 214.215 
bears. 196 

Bengal. Bay of. 104. 177. 179 
Bcr,qr~ria. nlcdicinal herb. 140; 

141 
betel nut palm. 176 
bctel pepper. 178 
Bhutan. 11 
Bibilong hydrothermal d~strict .  

8 1 
Binzhou bulls. 154 
Bird Islc. 196; 203 
birds. 196: 200-20.1 
boiling spoutcrs. 71. 73-74: 81 
B o n i ~  arca. 53, 163; 169 
borax dcposits. 128; 128. 129 
boron dcposits. 74 
Brahmaputra Rivcr, 10-12. 104, 

110 
Brazil. 110 
British climbing team, acti\rity. 

89. I06 
Buddhism, sacred places. I I .  

131 
"buoyancy" forccs. 33 
Burma. 711 
Uurong boiling spring arca. 

73-74 
buttcrflics. 189 
Mux~unglanggu hydrothcrtnal 

district. 75 

cabbages. 216 
camphor trccs. 162. 175 
Canada. 124 
Capu geyser. 80 
Carbon~fcrous pcr~od. 36, 44 

chart. 38 
cardamoni. hcrb. 178 
carnallitc. 129 
casslopc. shrub. 140 
Carrnipora foss~l. 43 
Cathays~an flora. 36; 34 
Ccdo. Salt Lakc. 128 
Ccnozoic era. 40 

chart. 38 
Ccntral Asia. 193 
ceslurn dcpos~ts.  74, 128 
Charr~dusa~irrrr. J2  
Changj~ang (Yangtzc) R~ver.  13. 

54. 104 
chaulmoogra plant fam~ly. 

177; 187 
Chcngdu. China. 208 
cherry trccs. 175 
Chemeya trub~ena. plant. 141 
Chilolherium fossil. 48 
C h ~ n a .  71. 163. 193. 212 

geology. 36-37, 42 
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711 
ch~nquapins. c\scrgrccns. 175 
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181 
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178 
cl~matc.  16. 140. I03 

Mount Nanijagbarwa. 174. 
175. 177-79 

North T ~ b c t  platcau. 12-13. 
27. 53. 140. 148. 150; 26. 
27 

Yarlung valley. 53, I4H. 165. 
208. 210. 212 

coffcc plants. 178 
Congo lti\,cr. 104 
conifers, gcticrally. 100. 162. 

175; 166 
corn. 214 
crape myrtle. 177: I85 
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Crctaccous flysch, rock forma- 

tlon. 47 
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chart. 311 
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dinosaurs, 39; 32 
draba, plant. 139 
Duox~ongla Pass. 174 
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Ehn.rr~r. pla~it. 177 
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fcrns. 175-78; 186 
Firrrr rr~rrr~rorlaro. plant. I84 
fig trccs. I84 
figwort, plant. 13'). 1411 
Finland. 124 
fir trccs. 100, 102. 175; 166. 182 
fish. 127 
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f i ~ ~ i g u s ,  mcd~c~nal .  164. 16.5 
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gambicr plant. 178 
Gandirc Mountains. l I .  12: 143 

geology of, 38-40. 124; 22 
hydrothermal activity. 711. 71; 

76. XO 
Gangcs Rivcr, l I. 54 
Ganglai Gorgc. 100 
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(;onda.,ln.~ 

plan[ groiIp. 30 
\cd~mcnt.  44 

( ~ o ~ ~ d \ v ~ i r ~ a I . i r ~ ~ l ,  37, 30, I05 
guo\cfoot. pl.nlt. 138. 140: I45 
gourd. plant I;l~n~ly, 177 
g r ~ n ~ t c .  36 
grape. pl'lnt '1r111ly. 177 
pr.~csl.inda. I4n-il: 149. 152-57 
g r a z l n g g r o ~ ~ ~ l d ~  13H. I40. 148-51. 

174; 152-.56. 1x4 
(;rcccc. 70 
g r c c ~ ~ f  nclicc. 201 
groi~sc. sand. 201 
g ~ ~ l l r .  106: 20) 
Gyangzc. T'ibct. I00 
Gy~rong Itlvcr and .Irca. 21. 34. 

168. 169. 2 0 - 2 1  
(;).rro(,ll$ia odornr,~. pldnt. 177; 

1x7 
~yySLllll dcyoslts. 128 

lidre. IIIOIISC, 100: 197 
HI~~~~~I~I I I I I~~~~I~~~I~~~I I~~~I~I I I I~ ,  pI.~nt, 

1x4 
I~cnilock tree\. 175; 166. I82 
Hcngduan Mountain\. Ih. 3n. 

70, 160: 19. 29, 72, 209, 211 
11crbs. ~ncd~c~n. i I ,  140. 174, 178; 

IJX. 141-45 
Cl~llary. Slr Ed~nund. 0.3 
Hllnalay.~ MOLIII~.IIIIS. 11)-12. 53. 

01, IYA: 16- 17. 21. 107. 
110-11. 125 
iurmat~onof.  33-34.36.3'). 40. 

42. 4s. 4(,, nn-no 
gcothcrn~al bclt. 711-74 
plant l~fc.  IhO. 174: 140, 141. 

168. 170. 220-21 
rlvcrs, 104, 107. 110 
w ~ l d l ~ i c .  195. 200 

t l i l~ggam Mountains. I63 
H~pp,~rl ,r l~ ios$lls, 42: J4. 48 
HoApo~~io rIrnilor,~rptl. plant. 178 
Holix~l Mountains. 12 
Holocc~ic epoch. I26 

rhart. 38 
h~~ncy\ucklc.  plant. 138, 162. 

175 
horse\. 155. 1-56 
hot rpr~ngs.  711-71. 74: 85  
t l i~a~ig l ic  (Y~.llo\v) I l~vcr .  13. 

43, 54. Ill4 
H u l u ~ ~  U u ~ r  Gr.issland. 14'). 151 
ht~ngtsao~tc.  129 
l~ydroclccrr~c power sourccs. 

104, 105. 110: 117, 1.U 
hydrc)tIicrn~,il dctiv~ty. 70-85. 

128: 71. 7-7-85 
cxylosions. 71-73: 80. 84 

Ice 'lgcs, 43 
Iceland. 71 
~ c e  musl~rooms. 100- 101 
ICC pinn.~clcs. YO; 57. Y Y  
Indln. 1 1 .  12, 36. 37. 42. 110 
India11 Ocean, 10, 12. I04 

i o r ~ n a t i o ~ ~  of. 3'). 411, 43 
nlon5oons ironi. I(>. 53. 90. 

I63 
Indoch~na. 13 
I r rd~! /~~~~~l l ra  kllosiar~a. li.in.1. 185 
Indus ltivcr. lo. l I .  54 
Inncr M o ~ i g o l ~ a .  47, 149. 151. 

I02 
Iran. 70. 1'13 
Itaipu d.1111. 13r.lzil. I I0 
It.1ly. 70 

~ J I I I Z I I L I ~  R I V C ~ .  I I l l  

j aw~~inc .  138. I4O; 141 
1i.1l1. 'Tibrt. I O U  
Jlal.ibd~li. Mount. 107-9; 116 
11.111ggc11 I ) ~ ~ U I I J I I  glacrcr. 54 
J l c ~ ~ ~ a y ~ n g z o n p .  glacier. 54. 

104-5; 110-11 

Jlc~iiayangzong R~vcr .  104. 105. 
110 

Jlnrlla R~vcr .  13. 38 
JUnlpM trCCC. 138, 139 
Jurass~c pcrlod. 38-39, 32 

chart. 38 

Kacrda volcanic cluster. 35 
Kangr~nboqe. Mount. 22. 143 
Karakorum Mountains. 12; 23  
Karila glacier. jo~~rirpiuce. 67 
Kashmir. 10. 193 
K a t ~  hydrothermal district. 73; 

71. 75 
Kcriya Rivcr. 126 
kohlrabi. 208 
Kongbu glacicr. 52 
Kubi Rivcr, 104. 105: 110 
Kunlun Mountair~s. 12. 37. 43. 

126; 25. 58 
Kurme hydrothermal district. 75 

L<;qt,rsrn)or~in rr~i~~urirarpa. crapc 
myrtle. 185 

lakes. 13. 74. 105. 124-28; 25. 
37. 12.5, 128. 13&35. 203 
glac~al. 54 
shrinkage of. 1261-27: 131 
warm-water. 72-73; 78 

Ln~i~iopl~l~~rr~ia rornm. plant. 130 
Lancang Rivcr. 13 
landslide, 49 
Langa (Dcv~l 's  Lakc). I I; 1.70 
Langqcn Rlvcr. 131: 18 
Laurdsid. 37. 105 
lava-dan~~ncd lakes. 126 
Icgumc. plant family. 162. 177 
lcmor~ trccs. 177 
leopards. snow. 196 
Lhago~ Kangris. ~nountains. I I 
Lhdsa. I I, 36. 208; I I J  

thermal ficld nearby. 73. 74 
Lhasd Ilivcr. 11-12, 106 
Lhazc. Tibet. I06 
I~anas. 185 
lichee plant. I78 
lichc~is. 138; 182. 183 
liic evolution. on gcologlc scalc. 

38 
lithium deposits. 74. 128 
lithosphcre, 32 
longan plants. 178 
Lungmar hydrothcrmal district, 

8-7-83 
Ivnxcs. I96 

magma intrusions. 39. 4). 42. 
72. 128 

magnesium deposits. 128 
magnetism. In rocks. 34. Mi 
magnolia trees. 162 
Mainling County. 107. 110 
Malaysia. 70 
mangocs, 178 
Mapam Yumco (Saint's Lake). 

11.72; 130 
maple trccs. 175 
Maquan Rlvcr. l(W. 105 
Margai. Salt Lakc. 132 
marltllnc glaciers. 54. 125; 58. 

61. 65 
marshy meadows. I JU-49 
meadows 

alplnc. 148. 174; 152-53, I81 
marshy. 148-49 

.Mrr~lrlopsis, m c d ~ c ~ n a l  herb. 142 
mcdicincs 

antelope horns, 194 
fungal. 164. 165 
hcrbal. 140. 174. 178; 138. 

141-45 
Mcdog area. lIJ0. 110. 174. 178. 

185. 188: 119. 167 
Mckong River. 13 
Mcsozoic era. 39. 176 

chart. 38 
milk vctch, plant. IJo: 145 
mlncral dcposits. l I. 16. 71. 73. 

74. 127-28; 72. 128, 129 
Mioccnc cpoch. 40 

chart. 38 
~nirabllitc dcposits, 128 
Mississippi River. 52 
Monba people. 176-77 
Mongolian wild ass. I93 
monkcys. 177: I95 
"monkey's hcad." mushroom. 

165 
monsoons, 16. 53. 91. 160. 163. 

176 
morailiclakcs, 105. I2h; I25 
mosscr. 138, 175. 177-78: 52. 183 
"mountain s~ckncss." 9 I -V2 
niousc hare. 106; 197 
mushmomr. 175; 16.5 
mushrooms. ice. 100- 101 
Muztag. Mount. 25. 58  
myrtlc. crapc. 177; 185 

Nam C o  (Lake Nam). 13. 124; 
134-35 

Natnjagbarwa. Mount. 10. 12. 



107-V; 107. 176 (diagrdm). 180 
plant lifc. 174-7'): 166. I76 

(diagram). 178-89 
Namling County. 73-74 
Nangaparbat. Moutit, I0 
Nangxian Gorgc. 106. 107 
nccdlcgrass. 140, 148 
Ncpal. I I 
Mcprta. plant. 130 
ncvC snow. 52. 53; 59. 62. 96 
New Zedland. 71 
Ngani r~ng Coi~nty ,  71 
Nganglong M o u n t a i ~ ~ s .  14.5 
Ngari Prcfcct~~re.  53. 127; 130. 

1.jI. 14.5. 202, 203. 214 
Niyang Rivcr. lo6 
North  chin^ I'la~n, 212 
North Tibct plateau. 12-13; 7. 

2.1, 35, 82-83, 1-55 
c l ~ ~ n a t c .  12-13. 27. 53. 14).  

148. 150: 26. 27 
lakcs. 124. 126; 2.5. 132 
plant I lk,  140. I4H: 28, 214 
wildlifc. 192. 19h; I99 

Nujiang Rivcr. 13. 38-39; 19 
Nyainqcntanglha Mountains. I I. 

12,52, 53. 124; 24-25, 134-35 
hydrothcrnial act~vity.  70. 71. 

73 
Nyang H~vcr.  107: I j 4  
Nyingch~. ~ n d u s t r ~ a l  ccntcr. 107 

oak trccs, I62 
ocular gnclss. nictarnorph~c rock. 

4.7 
Oligoccnc cpoch. 160 

chart. 3H 
o p h ~ o l ~ t c .  Ul; 45-37 
orange trccs. 177 
orchids. 177-78; I84 
0reorolc.11 u ~ ~ ~ r r ~ i .  ~ t i c d ~ c ~ n a l  hcrb. 

145 
Orir~~ir rh~~rol~i .  grass spcc~cs. 148 

I'ac~ilc Occan. 16. 70 
Par. T ~ b c t .  107. 110 
pdlcomagnct~c data. 34. 36 
Palcozo~r crd, chart. 38 
palm trccs. 17h. 177; 1711 
Pani~r.  193 
Parlung I l~vcr .  20 
pea rhrub. 138 
I'croprrr~s fowl .  42 
I'rd~ralan,. flower. 144 

Pdirul,~ris,qlt>bjfir<~. ~ncdicinal 
plant. 142 

P~yot,~p/~gror~ sr,ipjflor~rrr~, plant. 
130-40 

I'cngbo Farm, ncar Lhasa. 
218-19 

P o ~ r ~ i s ~ ~ r ~ r r r ~ ,  grass spccics. 148 
Pcrmian pcr~od.  36; 34, 47 

chart. 38 
Pl~ocbr II'IIIIIII(. trcc. 162. 17.5 
P l ~ ~ y ~ ~ o t c l ~ l ~ a l ~ r r ,  reptile. 197 
pillow lava. 46 
pineapples. 178 . ~. 
pinc trccs. 160. 162-63; 170. 

171 
Playiogyrin, plant. 175 
plantains. 188 
plant lifc. 13 

alpinc. 138-45; 140-45 
forcsts. See iorcsts 
grasses. 148-51; 149. 152-57 
o n  Mount  Namjagbarwa. 

171-79; 166. 178-89 
plateau grassland, 143 
Plcistoccnc epoch. 124. 126 

chart. 38 
Plioccnc cpoch. 42. 124. I26 

chart. 3R 
pools. high-tc~npcraturc, 72-73; 

75 
poppy. Chincsc medicinal hcrb. 

174; 142. 144 
Potala Palace. Lhasa. 100; I13 
potassium dcposits. 128; I29 
potatocs, 208 
powcr sources 

hydroclcctric. 1 1 .  16. 104. 105. 
110; 117, 133 

hydrothcrnial. 74; 72 
prccip~tdtion. 53. 140. 175. 177. 

208 
priniroscs. 1W. 174; 140. 181 
Proterozoic cra. chart. 38 
Przr~~~al rk ia  rat~,qurita, plant. 139 
pulu, cloth. 150 

Qabkd hot sprlng. 74 
Q a ~ n d o  Prcfccture. 1J 
Q ~ a q ~ n g  glac~cr. 53 
Q ~ n g h a ~  l'rov~~icc. I3  
Q~nghal -T~bct  Platcau 

global vlcw. 10 
map. 14- 15 

qr r~~kr .  food plant. 21). 214 
Qogrr. Mount. 23 
Qo~nolangrna (Mount Evcrc\t). 

10. 33. 52. 53. 88- IOI ; 88. 
94-99 
North Col,  80. 92; 95. 96 

Quaternary period. 42-43. 124. 
160. 162. 176. 193 
chart. 3R 

Qulung hydrothcrmal district. 
85  

Qupu. Tibct. 80. 84 
hydrothcrmal district. 72-73 

Quxu. Tibct. 106. 124 

rain forcsts. 177; 184. 185. 187 
chart. 176 

rapc plant. 220-21 
raspbcrry bushcs. 175 
rattan bridgc. 178 
Rawu. Lakc. I25 
reptiles. 71, 197 
Rl~apl~ido~rl~orn. cpipliytc plant. 

187 
rhododcndron bushcs. 140. 162. 

174. 175; 141. 181 
rhubarb. 139; 143 
rock falls. 125 
rock formations. 34. 36-42 

ophiolitizcd. 45-47 
"shccpback." 16 

rock jasmine. 138. 140; 141 
Rongbuk glacicr. 52. 89; 56. 57. 

99-101 
source. 96 

Rongbuk Lamascry. 92 
rose, plant family, l h2. 175 
rubidium dcposits. 74. 128 
llugyog iurnarolc. 73-74 

Saga County. 73. 106 
sagebrush. 130. 140. 148-4% 

152-53 
Saint's Lakc (Mapam Yumco). 

1 1 .  72; 130 
salt dcposits. 72. 128. 129 
5alt lakcs. 74. 127-28; 132 
Samsung. Tibet. 110 
candwort. plant. 138. 174: 145 
Sangrl-Ciyaca Gorgc. 100: 1 I4 
rauropod fossils. 44 
Sarrssrdrea. plant, 130. 140; 143, 

I44 
saxifragc. plant. 140. 174; 14.1 
Srl~iro~l~orar~r~nu. fish. 127 
Scnggc River valley. 70 
rcracs. 90; 57. 100- 101 

shccp, 150-51. 194, 196; 157 
Sliuanghu, Tibct. 34 
S~cliuan I'rovincc. C h ~ n a ,  13, 

208 
S~kkin i .  I I 
Sikkim prlrnroscs. 181 
silica dcposits, 71 
Sil~ng. Lakc, 124 
sintcr forlnatio~is. 71; 79. 82-83. 

85  
snakes. 71 
snow-alga. 174 
snow-avalancllc glacicr, 6J 
snowcocks. 201 
snowfall. annual. 53 
snow finchcs. 201 
snow lcopards. 196 
snow linc, dcfincd, 52 

diagram. 176 
snow lotus. 174; 144 
sol~fluctrons, dcfincd. 125 
South Amcr~ca.  36. 37. 52 
South Asia11 tcctonlc platc. 

I 08-9. I (,o 
South I'ac~fic Occan. I6 
South Tibct valley. 11-12; 20. 

2 1 
s p ~ k c  fir trcc. 162 
spoutcrc. boiling. 71. 73-74; 81 
sprucc trccs. 160. Ih3; 168. I69 
star anise. 178 
stcarn powcr. 72 
Src~ulin r ~ o b i l ~ ~ ,  plant. 17H 
st~fHcaf scdgc. 138-39 
Stone Age. 43 
stonecrop. plant. 13'). 174: 142. 

14.1 
strontium dcpos~ts. 12H 
sugar-bcct crop, 208, 210 
sugarcane. 178 
sulphur depos~ts. 73 
suspcndcd glac~cr. 64 

Tajic hydrothermal d~strict. 79 
Takcjia gcyscr. 71; 76. 77 
tangcr i~~c  trccs, 177. 178: 188 
Tanggula Mountai~ls. 12. 25 
Tnngra Yumco. 127 
Tarinl-Alash.~n landn~ass. 42 
T a r ~ n i  Basin. 12 
tea bt~slics. 178; 209 
tcrtonic lakcs. 124. 126 
tectonic ~no\,cnlcnts. 32. 42. 47. 

49, I24 
tcmpcratc glac~crs. 54 
Tenzing Norkay. ')3 



Terrr~irrnlio. plant. 177; 187 
Tcrtlary pcr~od. 22. 42. 127 

chart. 3H 
Tethys Sca. 39. 40. 46 
thlstlc. 181 
thorium deposits. 128 
Tl~ylnrosprnnvrr~ raespilnsrmr. 

plant. 145 
T ~ b e t .  map of, 14-15 
Tibct Forcst Zone. 160. 162, 

163 
tlgcr Howcr. 184 
timberline. 13H 

diagram. 176 
timber rcsourccs, 162. 163: 171 
tongavlne. plant. 175 
Torfrrlo, alpme moss. 52 
Torria Gorgc. 106; 112 
tourmaline lnuscovitc potash 

feldspar granite. 26 
tragopans, birds. 200 
trcc frog. 189 
Trlasslc pcrlod. 37-38; 47 

chart. 38 
tropical foliage. 162, 176-78: 

167. 184, 187. 188 
Tropic of Cancer, mcntioncd. 

'10 

Turkey. 70 
turn~ps.  208 

ultrav~olct rays. 90. 210, 212 
Ulukelc. Lake. 126 
United Statcs. 71. 21 4 
uranium deposits. 128 
Usneo. lichen. 182 

vegetables. 20H. 210 
vines, 177-78: 186 
volcanlc act~vity.  70. 126. 128; 

35. 46 

Waldhrirsio,ylobm, plants. 142 
weather. See climate 
Wr~jeln. plant. 140 
wheat. 208. 210. 212. 214; 

218-19 
Whitncy. Mount. 214 
wildlife. 192-98; 195. 197-205 
willow trccs. 138-39. 162. 174 

wolves. 104. 196 
wool. 151 
Wu Zhcngvi, bntanist. 139 

Xaitongmoln County. 74 
"xierar~fxir~f. " fir tree, I62 
Xigazc, Tibct. 106. 208; 45.216 
Xinjiang Autonomous Region. 

42. 126 
Xirang Village. 110 
Xixabangma. Mount. 52 

yaks. 150. 192-93. 194; 154. 
155, 199 

Yarnzhog Yurnco. 34. 
124-25; 37. 133 

Yangbajain thermal field. 73. 
74; 72. 78 

Yangq~ao Zangbo (Yangqiao 
River). 104 

Yangtze River, 13, 54. 104 
Yarlung Zangbo. 10. 11. 104-10. 

125; 75. 107-9. 112-21 
area of, 52. 33. 150. 174. 208. 

210. 212: 75 

bridges. 124, 178; 178 
geology of. 36. 37. 39. 104; 

45- 4 7 
maps. 14-15. 105 
plant life. 148. 160. 178. 1%; 

163. 164. 167 
source. 54. 104-5. 1%; 11fF11 

Yeborkanglle glacier. 52 
Yellow Rlver. 13. 43. 54, 104 
Yellowsrone Park. 71 
Ylong. Lake. 53. 125; 135 
Yiong River. 125 
Youpu Rivcr. 125 
Yunda Gorgc, I06 
Yunnan pine tree. 160. 162-63 
Yunnan Province. China. 13, 70 

Zada valley, 145 
zanba. flour. 213 
Za Rivcr. 72 
Zaxijicai Communc, 208 
Zayu area. 53. 54. 162: 211 
Zetang. Tibet. 106 
Zhaxilhunbo Monastery. 106 
Zhongba County,  I05 
Zhuxigou glacier. 63 


	DENe 001.tif
	DENe 002.tif
	DENe 003.tif
	DENe 004_2R.tif
	DENe 005_1L.tif
	DENe 005_2R.tif
	DENe 006_1L.tif
	DENe 006_2R.tif
	DENe 007_1L.tif
	DENe 007_2R.tif
	DENe 008_1L.tif
	DENe 008_2R.tif
	DENe 009_1L.tif
	DENe 009_2R.tif
	DENe 010.tif
	DENe 011.tif
	DENe 012_1L.tif
	DENe 012_2R.tif
	DENe 013_1L.tif
	DENe 013_2R.tif
	DENe 014_1L.tif
	DENe 014_2R.tif
	DENe 015.tif
	DENe 016_1L.tif
	DENe 016_2R.tif
	DENe 017_1L.tif
	DENe 017_2R.tif
	DENe 018_1L.tif
	DENe 018_2R.tif
	DENe 019_1L.tif
	DENe 019_2R.tif
	DENe 020_1L.tif
	DENe 020_2R.tif
	DENe 021_1L.tif
	DENe 021_2R.tif
	DENe 022_1L.tif
	DENe 022_2R.tif
	DENe 023_1L.tif
	DENe 023_2R.tif
	DENe 024_1L.tif
	DENe 024_2R.tif
	DENe 025_1L.tif
	DENe 025_2R.tif
	DENe 026_1L.tif
	DENe 026_2R.tif
	DENe 027_1L.tif
	DENe 027_2R.tif
	DENe 028_1L.tif
	DENe 028_2R.tif
	DENe 029_1L.tif
	DENe 029_2R.tif
	DENe 030_1L.tif
	DENe 030_2R.tif
	DENe 031_1L.tif
	DENe 031_2R.tif
	DENe 032_1L.tif
	DENe 032_2R.tif
	DENe 033_1L.tif
	DENe 033_2R.tif
	DENe 034_1L.tif
	DENe 034_2R.tif
	DENe 035_1L.tif
	DENe 035_2R.tif
	DENe 036_1L.tif
	DENe 036_2R.tif
	DENe 037_1L.tif
	DENe 037_2R.tif
	DENe 038_1L.tif
	DENe 038_2R.tif
	DENe 039_1L.tif
	DENe 039_2R.tif
	DENe 040_1L.tif
	DENe 040_2R.tif
	DENe 041_1L.tif
	DENe 041_2R.tif
	DENe 042_1L.tif
	DENe 042_2R.tif
	DENe 043_1L.tif
	DENe 043_2R.tif
	DENe 044.tif
	DENe 045_1L.tif
	DENe 045_2R.tif
	DENe 046_1L.tif
	DENe 046_2R.tif
	DENe 047_1L.tif
	DENe 047_2R.tif
	DENe 048_1L.tif
	DENe 048_2R.tif
	DENe 049_1L.tif
	DENe 049_2R.tif
	DENe 050_1L.tif
	DENe 050_2R.tif
	DENe 051_1L.tif
	DENe 051_2R.tif
	DENe 052_1L.tif
	DENe 052_2R.tif
	DENe 053.tif
	DENe 054_1L.tif
	DENe 054_2R.tif
	DENe 055_1L.tif
	DENe 055_2R.tif
	DENe 056_1L.tif
	DENe 056_2R.tif
	DENe 057_1L.tif
	DENe 057_2R.tif
	DENe 058.tif
	DENe 059_1L.tif
	DENe 059_2R.tif
	DENe 060_1L.tif
	DENe 060_2R.tif
	DENe 061_1L.tif
	DENe 061_2R.tif
	DENe 062_1L.tif
	DENe 062_2R.tif
	DENe 063_1L.tif
	DENe 063_2R.tif
	DENe 064_1L.tif
	DENe 064_2R.tif
	DENe 065_1L.tif
	DENe 065_2R.tif
	DENe 066_1L.tif
	DENe 066_2R.tif
	DENe 067_1L.tif
	DENe 067_2R.tif
	DENe 068.tif
	DENe 069_1L.tif
	DENe 069_2R.tif
	DENe 070.tif
	DENe 071_1L.tif
	DENe 071_2R.tif
	DENe 072_1L.tif
	DENe 072_2R.tif
	DENe 073_1L.tif
	DENe 073_2R.tif
	DENe 074_1L.tif
	DENe 074_2R.tif
	DENe 075_1L.tif
	DENe 075_2R.tif
	DENe 076_1L.tif
	DENe 076_2R.tif
	DENe 077_1L.tif
	DENe 077_2R.tif
	DENe 078_1L.tif
	DENe 078_2R.tif
	DENe 079.tif
	DENe 080_1L.tif
	DENe 080_2R.tif
	DENe 081_1L.tif
	DENe 081_2R.tif
	DENe 082_1L.tif
	DENe 082_2R.tif
	DENe 083_1L.tif
	DENe 083_2R.tif
	DENe 084_1L.tif
	DENe 084_2R.tif
	DENe 085_1L.tif
	DENe 085_2R.tif
	DENe 086_1L.tif
	DENe 086_2R.tif
	DENe 087_1L.tif
	DENe 087_2R.tif
	DENe 088_1L.tif
	DENe 088_2R.tif
	DENe 089_1L.tif
	DENe 089_2R.tif
	DENe 090_1L.tif
	DENe 090_2R.tif
	DENe 091_1L.tif
	DENe 091_2R.tif
	DENe 092_1L.tif
	DENe 092_2R.tif
	DENe 093_1L.tif
	DENe 093_2R.tif
	DENe 094_1L.tif
	DENe 094_2R.tif
	DENe 095_1L.tif
	DENe 095_2R.tif
	DENe 096_1L.tif
	DENe 096_2R.tif
	DENe 097_1L.tif
	DENe 097_2R.tif
	DENe 098_1L.tif
	DENe 098_2R.tif
	DENe 099_1L.tif
	DENe 099_2R.tif
	DENe 100_1L.tif
	DENe 100_2R.tif
	DENe 101_1L.tif
	DENe 101_2R.tif
	DENe 102_1L.tif
	DENe 102_2R.tif
	DENe 103_1L.tif
	DENe 103_2R.tif
	DENe 104_1L.tif
	DENe 104_2R.tif
	DENe 105_1L.tif
	DENe 105_2R.tif
	DENe 106_1L.tif
	DENe 106_2R.tif
	DENe 107_1L.tif
	DENe 107_2R.tif
	DENe 108_1L.tif
	DENe 108_2R.tif
	DENe 109_1L.tif
	DENe 109_2R.tif
	DENe 110.tif
	DENe 111.tif
	DENe 112.tif
	DENe 113.tif
	DENe 114_1L.tif
	DENe 114_2R.tif
	DENe 115_1L.tif
	DENe 115_2R.tif
	DENe 116_1L.tif
	DENe 116_2R.tif

