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Introduction

Basing on total more than 9000km routing geological investigation in field including southern
Tibetan valley area ( Lhasa-Xigazé-Lhazé-Saga-Paryang-Moincér-Bar-Zanda-Shiquanhe, Zanda-
Burang-Saga-Lhazé-Tingri-Gyirong-Nyalam-Dinggyé-Yadong-Gyangzé-Nagarzé-Qiixii ) and along
Qinghai-Tibetan road area ( Lhasa-Damxung-Nagqu-Bilung-Amdo-Tanggulashankou-Wudaoliang-
Kunlunshankou-Xidatan) , we have known geological structure, geomorphology, glacial rem-
nants (glacial till, ice-water deposit and so on), lacustrine deposits (lacustrine stratum, lake-
shore levees, lacustrine beach rock and so on), lacustrine landform (lacustrine eroding cave,
lacustrine eroding flute, lacustrine eroding cliff) , fluvial deposit, Quaternary geology and geo-
morphology, the modern fluvial-lacustrine and other facets basic feature in Qinghai-Tibetan plat-
eau.

Geological investigation in field, remote sensing interpretation in laboratory and other inte-
grative studies have been carried out during the last two years. The main achievements of remote

sensing geology and Quaternary geology are shown as following.

1. The regional geology, geomorphology, lacustrine and fluvi-
al geology

The fluvial and lacustrine investigation on Qinghai-Tibetan plateau were taken two times. On
the first geological investigation, we took investigation on key paleo-lake and geological events,
observed and sampling the late Cenozoic key lacustrine geological section, and found the interpre-
tive symbol of remote sensing of the key rivers and lakes with remote sensing interpretation in la-
boratory, dating of structural events and so on. On the second geological investigation in field, we
measured several lacustrine stritigrapic section on different area and different period of late Ceno-
zoic, established the standard section of the late Cenozoic key lake, systemically collected sam-
ples.

1.1 The tectonic location of Qinghai-Tibetan plateau

Qinghai-Tibetan plateau is located in eastern Tethys-Himalayan tectonic domain section be-
tween the Eurasia and Gondwana continent. It is held by the three ancient rigid blocks that are Ta-
rim-China-Korea block on north, Yangtze block on east, India block on south. There exists ab-
normal thickness of crust and altitude of geomorphology. Active structures develop and mountain-
lakes spread on the plateau.

1.2 The basic crustal structure of Qinghai-Tibetan plateau

The crustal structure of Qinghai-Tibetan plateau which is surrounded by “plasticity platform”
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of the old block and formed by different period “micro-continent” is different from other crustal
structure of stability carats “plateau” in the world. We divided it into five micro-continents and
five sutures from north to south. They are shown as following: west Kunlun-Qilian mountain Cale-
donian suture, Qaidam block, Kunlun Variscan suture, Bayan-Har block, Jinsha River India
suture, Qiangtang block, Bangong Co-Nujiang suture, north Tibetan block, Yarlung Zangbo
Jiang-Himalayas suture, Himalayas block. They are the products of the repeatedly collision of
plates since Paleozoic.

1.3 The active structural feature of Qinghai-Tibetan plateau

Fault block movement that mostly differential uplift, fault depression and fault under whole
uplifting is the basic style of Qinghai-Tibetan plateau active structure. Folds only can be seen in
several segments.

The basic framework of the active structure on Qinghai-Tibetan plateau is shown as following,
the early compressional structure superimposed on late extend-strike slip structure in the back-
ground of the plateau whole uplifting, that is the early marginal convergent belts, marginal up-
warding belts, inner uplifting areas and “X” conjugate fault systems superimposed on late NS,
NE and NW fault belts, strike slip faults and block slips.

1.4 The Quaternary geological and morphologic feature of Qinghai-Tibetan plateau

Quaternary geology and morphology of Qinghai-Tibetan plateau can be divided into three
great regions approximately by the Qinghai-Tibetan road, that is eastern external drainage area,
western internal drainage area and periphery area. The morphology can be divided into 14 types
and shown as following; glacier deposit, glacial marginal deposit, lacustrine deposit, fluvial de-
posit, gravitational pile, mudflow pile, blown sand pile, spring deposit, volcanic pile, chemi-
cal deposit, weathering crust and paleosol pile, talus pile, cave pile and peat swamp
deposit. Moraine, lacustrine and glacial morphology developed best in western internal drainage
area. Fluvial deposit, gravitational pile, fluvial and gravitational morphology developed best in
eastern external drainage area and glacial deposit, glacial morphology, fluvial deposit, river val-

ley morphology and gravitational morphology developed in periphery area.

2. Remote sensing interpretation of rivers and lakes on Qing-
hai-Tibetan plateau

We use ETM remote sensing images to interpret the trunk rivers, lakes geological topogra-
phy, divide the rivers into superimposed river and prior river according to the relationship be-
tween the river developing history and the tectonic movement history, to understand the changes
about nearly 30 years by contrasting the interpretation of the 1970s MSS (refer to the historical ge-
ographical terrain information) to the beginning of 21 century’s ETM image of major lakes and
trunk rivers.

2.1 The interpreting symbol of rivers and lakes on Qinghai-Tibetan plateau

According to the status investigation of rivers and lakes on Qinghai-Tibetan plateau based on
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the information of 1 : 250000 ETM remote sensing data, we made the edges enhancement process-
ing and composite negative processing, established working standard of the remote sensing inves-
tigation, ascertained the interpreting symbol of the rivers and 6 interpreting symbols ( tectonic
lake, glacier lake, crater lake, fluvial lake, check-up lake, man-made lake) of the lakes on
Qinghai-Tibetan plateau, which provided technical methods for extracting remote sensing informa-
tion of rivers and lakes and studying the evolution of the rivers and lakes.

2.2 The current distribution of the rivers on Qinghai-Tibetan plateau

The trunk river and its 3-level branch both of external drainage system and general internal
drainage system, and the trunk river and its 2-level branch of normal internal drainage system
have been interpreted by remote sensing, There exist 8 external drainage systems such as Yellow
River, Changjiang, Lancangjiang, Nujiang, Yarlung Zangbo Jiang, Yiluowadijiang, Ganges
and Indus river, and 5 internal drainage river areas such as Hexi corridor, Tarim basin, Qaid-
am-Qinghaihu basin, Qiangtang and Mapam Yumco in study area. External drainage in total in-
clude 34 I-level branch and 188 II-level branch, internal drainage in total include 36 I-level
branch and 269 II-level branch which belong to 27 I-level and 170 II-level internal drainage and 4
major internal drainage of Tarim river, Qarqan river, Shule river, Heihe river. There exists 12
trunks, 70 I-level branchs and 457 II-level branchs in study area.

2.3 The distributing law of the rivers on Qinghai-Tibetan plateau

Drain water of the external drainage system come from the hinterland of the Qinghai-Tibet
plateau, from northwest to southeast in a radiation shape, and its tributaries have different levels
of the distribution branches. The source areas of main river have flat terrain with more snow and
rain but less evaporation, so there are lots of lakes and marshes. In the southeast of Qinghai-Tibet
plateau, paralleling to the main river and the mountains, there are high mountain and valley
landscape, Where the mountain are dissected, there formed in verted flow, three rivers juxta-
posed flow and turning flow landscape.

The center of endorheic systems is lake or basin, distributing centripetally, finally inflood
into lakes, or disappear in deserts. The headtreams of important and I-level endorheic systems are
overlayered by mass serac, and the water is very abundant. The endorheic rivers break off, or be-
come to intermittent stream when they inflood into basins in Hexi corridor, Tarim basin and Qaid-
am-Qinghai Hu basin.

2.4 The variance analysis of the rivers on Qinghai-Tibet plateau

Among 24 years, the variety of rivers is unobvious in Qinghai-Tibet plateau, some reach of
drain water swing appreciablily, a little of reach in endorheic systems change its route or break
off, and there are extendability or shrink appears in embouchure.

2.5 The distributing status of the lakes on Qinghai-Tibet plateau

The number of lakes is 1128 which area is larger than 1km®, the total area is 41183. 74km’.
There are 61 man-made lakes (reservoirs), and the total area is 772. 17km?*; there are 1067
natural lakes, and the area is 40411. 57km’. Among the natural lakes, there are 3 giant lake
(area >1000km’), the total area is 8013. 57km’; there are 11 great lake (area between 500 ~
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1000km’) , the total area is 6785.76km’; there are 71 medium-sized lakes ( area between
100 ~500km*) , the total area is 13848. 18km’; there are 303 small lakes (area between 10 ~
100km’) , the total area is 9612. 83km?; there are 679 lakes which area is 1 ~ 10km? , the total
area is 2151. 23km’. The number of fresh water lake is 309, salt-water lake is 758 ; the tectonic
lake is 897, glacial lake is 117, volcanic lake is 4, fluvial lake is 25, barrier lake is 24.

2.6 The distributing law of the natural lakes on Qinghai-Tibetan plateau

The lake area of Qaidam-Qinghai Hu basin and Qiangtang are the two biggest dense lake re-
gions in Qinghai-Tibetan plateau, indeed in China. The lake ratio is 2. 36% in Qaidam-Qinghai
Hu basin, and 3. 82% in Qiangtang region, which are respectively 2. S and 4. O times of the na-
tional lake ratio (0.95% ) .

The natural lakes distribute in source regions, upper reach of drain water and intermountain
basin in Yellow river drainage area, Sanjiang drainage area and south-Tibet valley. Most of natu-
ral lakes are inland lake in source basin and intermountain basin, the lake water is a little salt to
salt, and the lakes almost belong to tectonic lake. Most of the natural lake are outflow river in
mountain ridge, upper reach of source region and river course of tributary, the lake water is
fresh, and the lake almost belong to tectonic lake or glacier lake, a little is check-up lake.

The most of natural lakes are inland lake in Tarim basin, Qaidam-Qinghai Hu basin and
Qiangtang lake regions. The lake water is salt to a little salt, the lake mostly belongs to tectonic
lake, some is fluvial lake or check-up lake. The distribution of natural lake is firmly controlled by
regional tectonics in Qiangtang regions, the direction of overall extendability and single lake ma-
jor axis accord with the direction of regional tectonics.

The natural lakes are the end of river, or there are river cross, they are all the center of wa-
ter catchment in Qinghai-Tibetan plateau. The water is mainly from direct surface runoff, spring
water and precipitation. The surface of most rivers source region is covered by serac, where the
waterhead is abundant.

2.7 The variety analysis of the lakes on Qinghai-Tibetan plateau

Among 24 years, most of natural lakes varies greatly in Qinghai-Tibetan plateau, some area
is reduced, some area is enlarged; a small quantity of lakes are disassembled or amalgamative;
some lakes that had been dried collect water again, and some lakes approach to dry. The result of
remote sensing investigation indicates; the total number of natural lakes (area=1km’) increase
from 1029 to 1067 in Qinghai-Tibetan plateau, the increasing number of lakes is 38, the increas-
ing area is 199. 42km’, which occupy respectively 3. 56% and 0. 50% of the number and total
area of natural lakes in Qinghai-Tibetan plateau. From the former 1029 natural lakes, The area of
509 lakes is steady, the total area is 8568. 32km’, it occupy respectively 47. 70% and 21. 20%
than the total numbers and area of natural lakes in Qinghai-Tibetan plateau . The area of 322 lakes
is reduced, the total area is 19692. 98km’, it occupy respectively 30. 18% , 48.73%. The are-
a of 198 is enlarged, the total area is 11950. 85km’, it occupy respectively 18. 56% , 29.57% ;
the total reduced area of natural lakes is 1652. 26km’, the increasing area is 1454. 18km’, the
both counteract one another, the net area added is 1.34km’; the total area of natural lakes in-
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crease from 40410. 23km” to 40411. 57km’®, the net area added is 1. 34km’.

2.8 The variety analysis of lake subarea on Qinghai-Tibetan plateau

The variety types of natural lakes is differentiated 3 kinds by us, that is: the lake which
MSS area and ETM area is the same is steady; the lake which MSS area is larger than ETM area
is atrophic; the lake which MSS area is smaller than ETM area is outstretched. The induced area
of atrophic lake than MSS area is atrophic ratio, the increasing area of outstretched lake than MSS
area is outstretched ratio, the two ratio are the index that weigh the variety of lake. The factors
that affect atrophic ratio and outstretched ratio is so many, for example, the time phase of remote
sensing data and size of lake, that can not reflect intuitionisticly variety degree of lake, but they
have some reference value. By calculating, the atrophic ratio of atrophic lake is 7. 73% , the out-
stretched ratio of outstretched lake is 13. 87%.

Based on all-side investigation of rivers and lakes, we choose giant and large lakes to inves-
tigate and research deeply. The achievement of actuality investigation and variety analysis are ob-
tained, which are from 3 giant lakes: Qinghai Hu, Nam Co, Siling Co, and from 11 large
lakes: Zhari Namco, Tangra Yumco, Yamzho Yumco, Ayakkum Hu, Bangong Co, Har Hu,
Ngoring Hu, Gyaring Hu, Chibuzhang Co, Ulan Ul Hu, Ngangla Ringco.

3. Laboratory studies

By mensurating the age of sample systemicly, identifying micropaleontology and paleobota-
ny, the index of paleoecology and paleoenvironment, we want to estimate the climatic change
that reflected by the variety of rivers and lakes in Qinghai-Tibetan plateau. By founding an ecolog-
ic geological environment model, we discuss the course of environment change and its evolve-
ment.

3.1 The trend of climatic change in Qinghai-Tibetan plateau

According to the change characters of temperature and precipitation for nearly 40 years past
in Qinghai-Tibetan plateau, we forecast the climatic changes in future 30 years and 300
years. The study indicates: (Dduring the last 40 years in 20 centry in Qinghai-Tibetan plateau,
the temperature changes is reverse with southwest China but same to north China, which rises in
a little high range; Dthe temperature has complex spatial differentiation in summer in Qinghai-
Tibetan plateau, which is different from other regions in China, but the temperature rises greatly
in winter, which is same as the other regions; (@the temperature variety ratio is higher than other
regions in China, cold and warm behaves obviously in 40 years; (@the annual precipitation re-
duce gradually in Qinghai-Tibetan plateau, which is same as other regions in China while the pre-
cipitation increase in north-Tibetan and most of Qinghai province where the precipitation reduce
since 1990s.

3.2 The quantitative analysis of lake evolution in Qinghai-Tibetan plateau

According to the variety of temperature and precipitation in every drainage area, the variety

of inland river runoff, the variety of outflow rivers runoff and the variety of lakes for recent several
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decades, we developed the quantitative analysis of lake evolution in Qinghai-Tibetan plateau. The
study indicates, the global climate become warm for recent several decades, and resource is em-
poldered and used too much, which lead to different variety of lakes in regions, such as the level
of some lake water descends, the area of lakes shrinks, the salinity of lake water increase, and
some lakes die out gradually. At the same time, as the climate become warm and dry, the runoff
descend greatly.

Among 24 years, the total number of natural lakes (area = lkm’) increase from1029 to
1067 in Qinghai-Tibetan plateau, the increasing number of lakes is 38, the total area is
40411. 57km’®. At the begining of 21 century, because of the global climate getting warm, the
glacier thaws, and the numbers of lakes increase. As the climate get warm and dry, the lake
shrinks in semiarid and arid inland, the entironment is deteriorated gradually.

3.3 The ecologic geological environment regionalism in Qinghai-Tibetan plateau

Based on investigation and evolution analysis to rivers and lakes, we developed the effect
analysis of ecologic geological environment, according to 1 : 1500000 rivers and lakes remote
sensing image interpretation of Qinghai-Tibetan plateau, we work out 1 : 1500000 map of ecologic
geological environment about rivers and lakes in Qinghai-Tibetan plateau. By the sign with status
of natural lakes evolution, we differentiate the ecologic geological environment of rivers and lakes
with improving region, steady regions and degenerate regions. Focus on describing primary parti-
tion sign of rivers, lakes ecological and geologic environment, giving integrated estimate to eco-
logical and geologic environment of rivers and lakes in important developing region in Qinghai-Ti-

bet plateau.
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