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Preface

Geological investigations and research on the Qinghai-Tibet Plateau have a history of nearly 200 years.
Owing to its unique natural environment and geological conditions and great potential in resources, environment
and scientific research, the plateau has long aroused interest of Chinese and foreign geoscience communities.

Our government and departments concerned have paid great attention to geoscience investigation and
research on the Qinghai-Tibet Plateau. Over the past half of a century or more, large—scale resource and
environmental investigation and research have heen organized several times and abundant research results
obtained, which has greatly raised the level of geoscience research on the plateau.

Reviewing the past helps one to understand the present. To draw on research results and experience fully
is the basis for a deep—going understanding of the geological characteristics of an area and scientific innovation.
The main task of the research project “Geological Records and Mechanism of the Uplift of the Qinghai-Tibet Pla—
teau” is just to collect and study the geological records of the plateau uplift and elucidate its process, mechanism
and effects. In the past few yvears, thanks to assiduous research with a innovative and realistic spirit, researchers
in various subject groups have accomplished the tasks and targets stipulated in contracts, got some new findings,
new data, new results and new knowledge, proved, improved or revised some previous conclusions and solved
some knotty scientific problems. The major advances and results obtained are summarized as follows.

1. The tectonic deformation phases in the West Kunlun have been revised and the existence of two
types of metamorphosed basement has—been verified

Intensive observation and studies of geological sections indicate that the West Kunlun orogenic belt
underwent at least the Precambrian, Variscan, Indosinian and Himalayan phases of tectonic deformation.
The types, timing and features of all the four phases of tectonic deformation are described separately.
According to the microfloras found recently, combined with isotopic age data and other geological evidence,
it has been verified that there exist two different types and ages of metamorphosed basement in the West Kunlun
orogenic belt. With the central fault belt of the West Kunlun as the boundary, the basement of the northern
West Kunlun consists of the pre—Jixianian amphibolite—facies metamorphic series, which is unconformably
overlain by the stromatolite—bearing Jixianian System and Lower Paleozoic; whereas the basement of the Southern West
Kunlun is mainly the Neoproterozoic—Early Cambrian metamorphic series of varying metamorphic grades,
yielding abundant microflora. The existence of the two types of metamorphosed basement suggests that with the
Kudi ophiolite belt as the boundary the North Kunlun and South Kunlun belong to two different tectonic units

(terranes ) .

2. Major advances have been made in the study of the characteristics of basin deposits

Many new ideas have been got through a typical study of the Hoh Xil basin in the north of the Qinghai-Tibet
Plateau. On the basis of a detailed magnetostratographic study, coupled with isotope dating and fossil data,
the ages of the Fenghuoshan Group ( 56 Ma ~33.2 Ma ) , Yaxico Group ( 33.2 Ma ~ 30 Ma ) and Wudaoliang
Group (23 Ma ~ 16 Ma ) have been revised, with the first two groups assigned to the Eocene—Oligocene and
the last group to the early Miocene. The filling and depositional history of the basin has been reconstructed,
and it has been revealed that the Fenghuoshan Group experienced the depositional processes of fluvial—lacus—
trine—fluvial and fan deltaic—fluvial deposits and proved that the Hoh Xil basin was a piggyback foreland basin
resulting from northeast—directed migration of the front of the Tanggula Mountains during the Paleogene and

Neogene. The variations in sedimentation rates, total deposit amount and accumulation rates in seven stages
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of evolution of the basin have been calculated quantitatively, and the calculation results show that the total
amount of the Palaeogene and Neogene deposits in the Hoh Xil basin is 297.15 trillion tons, and that the ac—
cumulation rate averaged 400t/ (m” + Ma™ ) at 56 Ma ~ 32.2 Ma and increased rapidly to 800 t/ (m® + Ma™")
during 32.2 Ma to 30 Ma, reflecting that tectonic activity was intensified in the early Oligocene. The curve of
the sedimentation rate shows that in the Palaeogene the sedimentation rate of the basin increased by a big margin
from 10 em/ka ~ 20 em/ka to 210 em/ka in the 52.2 Ma ~ 52 Ma, 41.5 Ma ~ 40 Ma and 37.8 Ma ~ 34 Ma time
intervals, which represent three phases of strong tectonic activity. In addition, a comparative study of the
Yinggehai basin and various pull-apart basins of the western Yunnan Plateau defines four stages of uplift for the
western Yunnan Plateau and proves the following: from 5.3 Ma to 1.6 Ma the uplift magnitude of the plateau was
up to 1 700 ~ 2 100 m and the uplift rate was 0.5 ~0.57 mm/a, and since 1.6 Ma the sedimentation rate in the
Yinggehai basin has increased abruptly to 1.39 mm/a and the deposit flux has increased abruptly to 174 million
t/a, which indicates that the western Yunnan Plateau has undergone a phase of accelerated uplift and erosion
since the Quaternary. The elevation of the ancient planation surface and the incision depth of river valleys both
prove that the western Yunnan Plateau has been once more uplifted for 610 ~ 700 m since the Quaternary.

3. The temporal-spatial structure and growth mode of the crust of the Gangdise tectonomagmatic
belt have been revised

Through intensive study, the Gangdise tectonomagmatic belt is divided into the north, central and south
subbelt: the north subbelt is a volcanic belt resulting from subduction of the Bangong—Nujiang Ocean ( at
100 Ma ~ 60 Ma ) , the south subbelt is a volcanic—granite belt produced by subduction—collision of the
Yarlung Zangho Ocean (at 70 Ma ~45 Ma ) , and the central subbelt consists of intraplate high—potassium
volcanic rocks and muscovite—bearing granite generated by intracontinental subduction (at<20 Ma ) .Types
of magmatic rocks formed in the subduction, collision and post—collision stages are recognized, the indica-
tors of three stages are summarized, and the time bases of the three stages are preliminarily established,
which are 110 Ma ~ 50 Ma, 50 Ma ~ 40 Ma and<<40 Ma. Granite study has yielded the following information
of the crustal growth in the Gangdise area: I-type granite containing large quantities of dark—coloured inclu—
sions formed in the subduction stage is crustal material resulting from transformation of mantle material by
underplating, and S—type granite especially muscovite granite formed in the collision and post—collision stages
is the product of crustal anatexis and the growth mode of its crust is marked by remigration and redistribution of
material within the crust. Study indicates that significant crustal thickening took place after the main magmatic
activity stage ( 65 Ma ~40 Ma ) , while rapid uplift occurred in still later times ( <20 Ma ) .

4. The Cenozoic volcanic rock series and its evolutionary features in the northern Qinghai—Tibet
Platean have been further ascertained and a genetic model of partial melting of magmas has been con—
structed

According to the features of temporal—spatial evolution of rock series, Cenozoic volcanic activities in the
north of the plateau fall into three tectonomagmatic subcycles, which gave rise to three volcanic subzones,
each with its own rock series. From south to north these volcanic subzones are: the Qiangtang volcanic subzone

(44 Ma ~24 Ma) , including the sodic alkali basalt series, high—potassium calc—alkaline series and po-
tassic basalt; the Central Kunlun—Hoh Xil volcanic subzone ( 19 Ma~7 Ma ) , which is characterized by the
potassic basalt series; and the West Kunlun—Yumen volcanic subzomne ( since 5 Ma ) , dominated by the
potassic basalt series. All the three volcanic subzones extend in an E—W or WNW direction, and from south
to north the age of eruption becomes young progressively and the K,0O content increases successively. Age data

indicate that there are four peak phases for volcanic activities: the 44.66 Ma ~ 35 Ma peak phase is
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characterized by the dominance of the high—potassium calc-alkaline series, in the 29 Ma ~ 24 Ma peak phase
the alkali—potassic series predominated, and both at 19.6 Ma ~ 7 Ma and since 5 Ma the potassic basalt series
was dominant. They display certain coupling with the pulsatory peak phases. A genetic model of partial
melting of magmas constrained by the dual factors of rising mantle fluids and thickening due to adiabatic
compression of the hydrated lithosphere is constructed according to the geochemical study of Cenozoic volcanic
rocks in the north of the plateau.

5. The geological composition and tectonic attribute of the Namjagbarwa tectonic knot have been
essentially made clear

The metamorphic series of the Namjagbarwa Group in the great bend area of the Yarlung Zangbo River
has been measured to have zircon U-Pb ages of 1 312 Ma and 525 Ma ~ 552 Ma and Rb-Sr isochron ages of
748 Ma ~ 1 064 Ma, which demonstrates that it is Proterozoic in age. Garnet—clinopyroxene lenses have been
found at several places within this metamorphic series. It has been ascertained that metamorphic rocks in this
area underwent high—pressure granulite—facies metamorphism in the early stage, medium—pressure granulite—
amphibo-lite facies metamorphism in the middle stage and retrograde metamorphism in the last stage. The
Namjagharwa tectonic knot is composed of the extensions of three tectonic units in the south of the plateau: the
core is the Himalayan orogenic belt, consisting predominantly of high—grade metamorphic rocks of the Namjag—
barwa Group; the Yarlung Zangbo suture zone is distributed on the outer sides of the core, mainly represented
by a greenschist facies—low amphibolite—facies ophiolitic association, and ophiolitic mélanges and peridotites
with a cumulate texture are found in the Pelung—Bangxing area; the Gangdise island—arc belt occurs in the
arcuate form encircling the outer sides of the Yarlung Zangbo ophiolite belt, consisting mainly of Yanshanian—
Himalayan intrusive rocks, basement metamorphic rocks and Paleozoic sedimentary rocks. The tectonic knot
is mainly a “wedge structure” formed by the Himalayan orogenic belt, with dextral and sinistral strike—slip
fault systems occurring on both sides.

6. The rate of horizontal crustal movement in the northern Qinghai-Tibet Plateau has been
obtained by Global Positioning System ( GPS ) monitoring and two vortex structures have been found

GPS measurements indicate that the rates of horizontal crustal movement in the northern Qinghai-Tibet
Plateau and its adjacent areas relative to the stable part of the Eurasian plate vary from 7.99 mm/a to 32.43 mm/
a, of which the average rate at the measuring stations in the interior of the plateau is 26.41 mm/a and that in the
surroundings is 15.24 mm/a. The average rate of various measuring stations within the northern plateau relative
to Chengdu is 16.45 mm/a and that of various measuring stations in the surroundings relative to Chengdu is only
6.84 mm/a. These data suggest that the crustal movement in the interior of the Qinghai-Tibet Plateau are active
and have the functions of highly efficient regulation and absorption. According to the study results, two vortex
structures are defined: One is the Yunnan—Tibet vortex structure, which rotates clockwise with the Namjag—
barwa structure as the core and whose average rate of movement is 11.38 mm/a for the inner side of the vortical
surface, 8.22 mm/a for the outer side of the vortical surface and 5.71 mm/a for the surroundings. The other is
the Gansu—CQinghai vortex structure, which involves the north of the plateau and its adjacent areas. It gener—
ally rotates counterclockwise and the average rate of crustal horizontal movement is 15 mm/a for the inner side of
the vortical surface, ~ 12.5 mm/a for the middle part of the vortical surface ( the interior of the plateau ) and
8 mm/a for the outer side of the vortical surface ( Longxi block ) . Lhasa moves in a NNE direction relative to
Chengdu, with a rate of 23 mm/a. Such vortex movement occurring across various tectonic units might be the
manifestation of rheomorphism of lower crustal material and is one of the factors responsible for the inhomogeneity

of the crustal deformation of the plateau.
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7. Some new data and new information about the plateau uplift and geochronology have been
obtained

In the west Kunlun and Gangdise mountains, data of the rates of plateau uplift and the history of crust cool-
ing have been obtained using the fission—track method, which prove that the rates of the plateau uplift increased
remarkably after 2 Ma BP. Fission—track analysis of Cenozoic sedimentary apatite from Pishan County, west
Kunlun, shows that the period of 26 Ma ~ 23 Ma witnessed rapid uplift, corresponding to the Paleogene—Neogene
unconformity. The sedimentation rates and deposit fluxes in the Hoh Xil basin, basins in eastern Tibet and
western Yunnan and Yinggehai basin in the South China Sea have been studied comprehensively; the changes in
sedimentation rates, total amount of deposits and accumulation rates in seven evolutionary stages in the Hoh Xil
basin have been calculated quantitatively and the results show that the average rate of erosion of the Namjagbarwa
tectonic knot is (4.5 + 1.1 ) mm/a since 10 Ma BP. The rates of crustal movement and strike—slip movements of
several faults in the northeastern Qinghai—Tibet Platcau have been studied by means of GPS monitoring and paleo—
magnetic measurements. A number of paleomagnetic and isotope age data have been got recently, which may be
used to determine the ages of the Fenghuoshan Group in the Hoh Xil basin, the Namjagharwa Group in the East
Himalayas, the Gudur gneiss in the Qiangtang area and blueschist in the Shuanghu area.

8. Some new ideas about the process and mechanism of plateau uplift and its influence on the
climate are proposed

These ideas include the following: The lithosphere beneath the Qinghai-Tibet Plateau is divided into
three types of lithospheric types, which represent three stages of lithospheric evolution of orogenic belts
respectively: the Pamir type represents the root—forming stage, the Gangdise type represents the unrooting
stage and the Qiangtang type represents the thickening stage of the thinned lithosphere and then thickening. It
is considered that the Qinghai-Tibet Plateau has a pulsatory uplift process and since the Paleogene the environ—
ment has changed pulsatorily from the tropical lowland forest to tropical and subtropical mountain forest and
bushveld, and there was no large—magnitude subsidence stage. It is proposed that lower crustal thickening and
gravitational isostasy are the main cause for the rapid uplift of the plateau since the late Pliocene, and that there
are no features of thermal updoming of the mantle for its origin. It is found that there appeared two paleoclinatic
variation events in the Paleogene: the climate of the earth became cold in the early Eocene and turned cold and
dry in the early Oligocene; it is suggested that the uplift of the Qinghai—Tibet Plateau has played a dominant
role in the decrease in the concentration of CO, in the atmosphere and a key role in Cenozoic global cooling.
It is proposed that there only exists the Miocene ( ~20 Ma ) planation surface in the northern Qinghai-Tibet
Plateau, no Pliocene planation surface being present.

As view from the long process of the history of scientific research, geological research on the Qinghai-
Tibet Plateau just begins and there are still many unrevealed geological phenomena and potential in scientific
research. Revealing geological regularities, solving acientific problems and bringing scientific potenial into
play depend upon energetic probe and study of generations of geologists and accumulation of bountiful
knowledge. We hope that this series and relevant papers will be able to make their own contributions to adding
to knowledge of the geoscience of the Qinghai-Tibet Plateau, probing into geoscientific theories and solving

some practical problems. We sincerely expect your comments or criticism.

Li Ting—Dong
August 2011
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