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The Qinghai-Tibet Plateau, covering a vast territory
and characterized by an extremely complicated struc-
ture, is considered as the ideal region to study continent-
continent collision, convergence and subduction of
plates, and formation of the plateau. Since 1958, a great
number of geophysical surveys have been conducted on
the crust and upper mantle of the Plateau, totaling about
45,000 km in line-length. Compilation and integration
of the data from these surveys has provided new sum-
mary diagrams, enabling the authors to present a review
of some of the remarkable achievements over the past 50
years.

Introduction

In the process of continental evolution, continent-continent collision
substantially affects the earth's structure. As a typical example, the
Qinghai-Tibet Plateau, the highest, biggest and youngest orogen in
the world, was brought about by collision of the Indian plate with
the Eurasian plate, as well as continuous northward movement of
the former. Continent-continent collision is still going on. The
plateau is considered an optimal place for studying the basic prob-
lems of continental dynamics such as continent-continent collision,
convergence and subduction of plates, and formation of the
plateau.

Probing into the structure of the crust and upper mantle of the
Qinghai-Tibet Plateau is a key to explaining continent-continent col-
lision, and a necessary approach to understanding the forming and
uplifting mechanism and geodynamic process of the plateau.
Chinese geophysicists have carried out deep seismic reflection
research in the Qaidam Basin in this region since the 1950s, and have
acquired a wealth of scientific data.

This paper summarizes the geophysical surveys of the crust
and upper mantle on the Qinghai-Tibet Plateau conducted chiefly
by Chinese geophysicists, and presents a series of summary dia-
grams for different methods to illustrate the results. The longitudi-
nal and latitudinal ranges discussed in this paper are 76°-106°E
and 26°-40°N respectively, and the tectonic settings in the dia-
grams refer to Yin et al. (2001). On this basis, primary research
results with regard to the crustal structure, electrical properties of
the lithosphere, and the uplifting mechanism and geodynamical
model of the plateau are reviewed. The authors hope this paper may
provide valuable references for the further study of the Qinghai-
Tibet Plateau.
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Status of deep geophysical survey and
research

In 1958, the Institute of Geophysics of the Chinese Academy of Sci-
ence (CAS) and the Ministry of Petroleum Industry jointly detected
the deep foundation bed with low-frequency seismographs, and stud-
ied the deep crustal structure in the Qaidam Basin (Zeng et al., 1961),
which was the prelude of the geophysical survey of the crust and
upper mantle on the Qinghai-Tibet Plateau.

Deep seismic sounding (DSS)

In 1977, CAS carried out a 460 km-long N-S-stretching profile
along the Yadong-Damxung line, and acquired information on the
crustal and upper-mantle structure and velocity distribution (Institute
of Geology, 1981). Since 1980, Chinese and French scientists have
cooperated in conducting DSS along some sections in northern and
southern Tibet and obtained abundant valuable data, which has
brought about a high tide of DSS application in this region. The Min-
istry of Land and Resources (formerly Ministry of Geology and Min-
eral Resources), CAS, and the State Seismological Bureau increased
their input into the DSS work. The cumulative length of DSS profiles
conducted before 2004 on the Qinghai-Tibet Plateau was about
12,000 km, and the profiles are deployed over the major part of the
plateau (Figure 1).

Nearly-vertical seismic reflection (Deep seismic
reflection)

Deep seismic reflection is the most effective method for
studying the fine structure of the lithosphere. In 1958, Zeng and
his group carried out a seismic reflection test in the Qaidam Basin,
but techniques including multiple coverage and migration were
not employed at that time due to the poor technical conditions
(Zeng et al., 1961). The nearly-vertical seismic reflection method
with multiple coverage was used for the first time by Project
INDEPTH in the study of the Qinghai-Tibet Plateau. The deep
seismic reflection profiles finished in this project showed fine
crustal structure on both sides of the Indus-Yalu suture (IYS),
which has exerted a far-reaching influence on the world. Several
deep seismic reflection profiles crossing the mountain-basin junc-
tion on the northern margin of the plateau were carried out by geo-
physicists with the Chinese Academy of Geological Science
(CAGS), which afforded an effective basis for studying the deep
deformation process resulting from collision. The profiles in this
plateau, however, were not intensively studied, due to high cost,
and the total length of them was just 1,300 km, about 10 per cent
of that of the DSS (Figure 2).



264

96° 98° 100° 102° 104° 106°
Northey, (T
c .,‘QJ? R
>, on R KL 4
ALY SNl 38

O.gé‘ ~ rrane "\":ls‘,~

Sy e -
En»a DHS--.--.-ﬁ" -

Sma ﬁ
49 136

o SQS-..__.--._ -

80" 82° 84° 86° 88° 90°

Figure 1 DSS profiles in the Qinghai-Tibet Plateau (up to 2004).
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Tectonic settings (Yin A., 2001): IYS —Indus-Yalu suture; BNS —Bangong-Nujiang suture; JS—Jinsha suture; AKMS —Ayimagqi-
Kunlun-Mutztagh suture; SQS—South Qilian suture; DHS — Danghe Nan Shan suture; NQS — North Qilian suture; KS —Kudi suture;
STDS —South Tibet Detachment System; MCT —Main Central Thrust; MBT —Main Boundary Thrust.

Inset: 1. normal fault; 2. thrust fault; 3. strike-slip fault; 4. suture; 5. Cenozoic high-K volcanic fields.

Seismic profiles numbering: 1. Yadong-Damxung (Institute of Geophysics, CAS, 1981); 2. Paikii Co-Puma Yumco (Teng et al., 1983;
Zhang et al., 2002); 3. Siling Co-Y'angamdo (Teng et al., 1985); 4. Gala—-Amdo (Xiong et al., 1985); 5. Tuotuohe—-Golmud (Lu et al.,
1990); 6. Aksay-Huashixia-Jianyang (Xu et al., 1993); 7. Golmud-Ejin Qi (Cui et al., 1995); 8. Cuoqin-Sangehu (Xiong et al., 1997);
9. Quanshuigou—-Dushanzi (Li et al., 2001); 10. Deqing—-Longwei Co (Zhao et al., 2001); 11. Gonghe-Yushu (Wang et al., 2000);
12. Dari-Lanzhou—-Jingbian (Li et al., 2002); 13. Gonghe-Yushu—Xiachayu (*); 14. Batang-Zizhong (Wang et al., 2003a); 15. Golmud-
Da Qaidam-Mangya—Ruoqiang (Zhao et al., 2001; Zhao et al., 2003); 16. Zham—Coqen (*); 17. Tangke—Benzilan (Wang et al., 2003b);
18. 3D profile on eastern Kunlun (*); 19. Ma'erkang-Tangke—Lugqu (*); 20. Eastern Silin Co-Western Coqen (*). Note: * Unpublished

or in process of research.

Broadband seismic observation (BB)

In 1991, Zeng and Wu (Zeng et al., 1992) deployed 11 broadband
seismographs along the Golmud-Xigaz¢ line to observe crustal and
upper-mantle structure for the first time in China. Since then, Chinese
scientists have acquired a host of observation findings by means of
international or regional cooperation. At the present time, this method
has covered all the main sutures in this region. Triggered seismo-
graphs were first applied along the Qinghai-Tibetan Highway in the
Sino-French Project in June, 1992, and improved single-component
seismographs were used in 1993, which ensured high equality of data
(Jiang et al., 1994). Subsequent work in the period 1995-1998 dis-
closed the lithospherical characteristics of the northern part of the
plateau (Xu et al., 2001). Broadband seismic observation in the
INDEPTH crossed the Bangong-Nujiang suture (BNS) and entered
the Qiangtang block, so as to deepen the research on the deformation
mechanism of the interior structure of the plateau. During the period
1997-1998, the CAGS and the Institute of Earth Sciences, Academia
Sinica based in Taiwan jointly studied the deep structure of the Tarim
and western Kunlun region with the TEFTEK-72 digital acquisition
system, STS-II broadband receiver and GPS equipment. This program
detected hundreds of effective seismic events and acquired dozens of
gigabytes of data (Kao et al., 2001) (Figure 3).

Magnetotelluric sounding (MT)

Magnetotelluric sounding is a natural-source electromagnetic
method, which takes surface electromagnetic waves as the field
source, and traces underground records by observing quadrature

electromagnetic components. The MT has proved successful in
studying continental dynamic problems. During the period
1980-1981, a Sino-French team applied this method for the first time
to the study of the Qinghai-Tibet Plateau (Yuan et al., 1990). Two
MT sections, the Yadong-Golmud and Golmud-Ejin Qi global geo-
logical transects (GGTSs), traversed the whole plateau and revealed
its electrical structure (Guo et al., 1990; Zhu et al., 1995). The
INDEPTH-MT research team, composed of Chinese and American
geophysicists, observed long-period and broadband magnetotelluric
fields as a whole by means of 21 long-period observation instruments,
LIMS (period of signal acquisition: 10~300,000 s) and a broadband
instrument (period of signal acquisition: 1/320-2,000 s) (Wei et al.,
2001). Appropriate observation methods and high-precision equip-
ment greatly enhanced the quality of the acquired data. The MT pro-
files accomplished thus far run through the Qinghai-Tibet Plateau
from north to south, and have laid a solid foundation for studying the
electrical structure of the whole plateau. By 2004, the cumulative
length of MT profiles was more than 10,000 km (Figure 4).

Deep gravity and magnetic surveys

Deep gravity and magnetic surveys are very important
approaches to examining the crustal structure and uplifting mecha-
nism of the Qinghai-Tibet Plateau. Both of these surveys were con-
ducted during the study of the Yadong—Golmud and Golmud-Ejin Qi
GGTs. The total lengths of deep gravity and magnetic sections com-
pleted from 1982 to 2004 were more than 8,300 km and 5,800 km
respectively (Figure 5).

December 2005



Indian Plate

38°

36"

32°

Figure 2 Deep seismic reflection profiles on the Qinghai-Tibet Plateau (up to 2004).
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Tectonic settings the same as in Figure 1. Profiles numbering: 1. Yuka-Gansen, Golmud—Da Qaidam (Zeng et al., 1961); 2. INDEPTH
Project (Zhao et al., 1993; Zhao et al., 1997); 3. Diaodaban-Huahai (Wu et al., 1995); 4. Cele-Qimankarouke (Gao et al., 2000);
5. Tugaisulake-Qiemo—Luoyeshan (Gao et al., 2001); 6. Jingyuan—Xinzhuangji and Tongxin—-Wangxinzhuang (*); 7. Hezuo-Tangke

(Gao et al., 2005)
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Figure 3 Locations of broadband seismic stations on the Qinghai-Tibet Plateau (up to 2004).

38°

Tectonic setting the same as in Figure 1. Broadband seismic stations: ® Golmud-Xigazé (Zeng et al., 1992); aTanggula—Dingri (Lii et
al., 1996); A Tanggula—Golmud Xitieshan (Jiang et al., 1996); m Samada—Namu Co (Kind et al., 2002); L+ Mangya-Ruogiang (Shi et al.,
1999); ¥ Xikunlun-Tarim (Kao et al., 2001); ® Gonghe-Yushu (Qian et al., 2001); *+ Deging-Longwei Co (Tilmann et al., 2003; Zhao et
al., 2004); + Yecheng-Shiquanhe (Xue et al., 2004); vYulin-Magin (Guo et al., 2004); ¥ Nepal-Himalayas (Pelkum et al., 2005);

® Western plateau of Sichuan (¥); X India-Nepal-Western Tibet (¥); k Eastern wedge of the Tibetan plateau (*).
Note: * Unpublished or in process of research.
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Figure 4 MT profiles on the Qinghai-Tibet Plateau (up to 2004).
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Tectonic setting the same as in Figure 1. Lines numbering: 1. Lhozhag-Nagqu (Yuan et al., 1990); 2. Yadong-Golmud (Guo et al.,
1990); 3. Altay-Taiwan (*); 4. Yecheng-Shiquanhe (Qin et al., 1994); 5. Nangqian—Qinghai (*); 6. Golmud-Ejin Qi (Zhu et al., 1995);
7. Lunpola (*); 8. Jilong—-Coqen-Sangehu (Ma et al., 1997); 9-13. INDEPTH-MT (Chen et al., 1996; Wei et al., 2001);
14. Qingshuihe—Zayu (Maet al., 2001); 15. Batang-Zizhong (Sun et al., 2003); 16. Daocheng-Guanyingiao (Sun et al., 2003); 17.
Xinduqiao-Andingxiang (Sun et al., 2003); 18-22. Line700-Line 2000 (Tan et al., 2004); 23. Qiangtang Basin (*). Note: * Unpublished

or in process of research.

Heat flow observation

Discussion and study of the deep thermal regime of terranes, ther-
mal structure of the crust and mantle and formation of the Qinghai-Tibet
Plateau are the key to disclosing the uplifting mechanism of the plateau.
In this regard, the heat flow observation serves as an indispensable geo-
physical approach, having been employed in the survey of the
Yadong—Golmud and Golmud-Ejin Qi GGTs (Shen et al., 1990; 1995).
This work has revealed the heat flow distribution, deep geo-thermal
regime, thermal structure of the crust and mantle, and lateral hetero-
geneity and formation mechanism of the plateau (Figure 6).

Major achievements of geophysical
surveys of crust and upper mantle in the
Qinghai-Tibet Plateau

Crustal structure

Deep geophysical surveys have covered the main structure
units of the Qinghai-Tibet Plateau since 1958. They cross the
Himalayas, west Kunlun-Altyn-Qilian Mountains and Longmen
Mountains. The profiles have a total length of about 45,000 km, and
have disclosed the 3D structure and structural frame of the crust and
upper mantle of the plateau.

Moho depth and its changes

The Moho depth is a significant indicator of crustal structure.
The great thickness of the Qinghai-Tibet Plateau is unique in the
world. So far, seismic methods have been used to explore the Moho
depth, among which DSS is the most effective one. We usually use
Pm and Pn wave phases to ascertain the Moho depth, and the P wave
velocity at the top of the upper mantle. The Pn wave phase, however,

is not easily observed in the interior of the plateau. Geophysical
researches throughout the world show that strong response to the
Moho can be obtained in terms of deep seismic reflections.

The lower crust often appears as a compressional reflection
layer beneath an orogenic zone, while the bottom of the layer corre-
sponds with the refraction Moho. The broadband seismic observa-
tion has been developing rapidly and made great progress on the
Qinghai-Tibet Plateau. P wave conversion (e.g. P-S conversion)
while passing the Moho can be recorded by broadband seismic sta-
tions. The Moho depth and configuration are imaged with the
receiver function method. Detailed changes of the Moho can be
detected by deep seismic reflection, the resolution of which is
higher than that of the DSS. Researches conducted extensively
worldwide show that the results of these two methods can be corre-
lated in general. Resolution of the broadband seismic observation is
lower than those of the deep seismic reflection and DSS. However,
the receiver function method and the reflection method have a sim-
ilar theory. Converted waves from teleseismic events are fairly sen-
sitive to the location of the Moho surface. Research findings
reported both in China and abroad show that the broadband seismic
method and the DSS present almost consistent images of the Moho
along the section from Lhasa to Golmud. Our discussion on the
Moho depth and its changes are right based on this understanding.

a. The deepest and shallowest Moho

The latest broadband seismic observation reveals that the deep-
est Moho in the Qinghai-Tibet Plateau is located at the west Kunlun
structural knot (90+2 km in thickness) beneath the southern branch
of the Altyn fault (Wittlinger et al., 2004). Gao et al. (2005) accom-
plished a deep seismic reflection profile crossing the west Qinling
orogen and the Zoigé basin, and discovered a strong reflection of the
Moho at 16.50 s TWT (two-way travel time), corresponding to a
depth of approximately 49.50 km, which may be considered the shal-
lowest Moho in this region.
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Figure 5 Gravity and magnetic profiles on the Qinghai-Tibet Plateau (up to 2004).
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Tectonic settings the same as in Figure 1. Lines numbering (1-11—gravity survey, 12—-18 —magnetic survey): 1. Yangbajing—Nielamu
(Meng et al., 1984); 2. Yadong—Golmud (Meng et al., 1990a); 3. Yecheng—Xishiquanhe (Meng et al., 1990b); 4. Nimu-Dongla
(Lithosphere Research Center, CAGS, 1996); 5. Altay-Taiwan (*); 6. Aergan—-Laomangya (Meng et al., 1998); 7. Golmud-Ejin Qi
(Meng et al., 1995); 8. Jilong—Lugu—Sangehu (Wang et al., 1997); 9. INDEPTH project (*); 10. Maduo-Yushu-Xiachayu (Wang et al.,
2001); 11. Qiangtang Basin (*); 12. Yadong—Golmud (Yu et al., 1990); 13. Altay-Taiwan (*); 14. Golmud-Ejin Qi (Yu et al.,
1995); 15. Aergan—Laomangya (Meng et al., 1998); 16. Jilong-Lugu-Sangehu (*); 17. Maduo-Yushu—Xiachayu (Liu et al., 2001);

18. Qiangtang Basin (*). Note: * Unpublished or in process of research.
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Figure 6 Heat flow survey on the Qinghai-Tibet Plateau (up to 2004).
Tectonic settings the same as in Figure 1. + Location of geothermal survey.
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b. Variation of the Moho across the plateau from north to south

Scientists have paid great attention to the changes of the Moho
from north to south across the Qinghai-Tibet Plateau. Xiong et al.
(1985) and Hirn et al. (1984) studied such changes by using the data
obtained by the Sino-French research project (1981-1982). After-
wards, some new probe sections were finished in northern Tibet. To
summarize, the Moho is shallow on the northern and southern mar-
gins of the plateau, and deep in the central part. Besides, offsets can
be observed on both sides of the main sutures (Figure 7).

To date, no completed active-source seismic profile has been
done for the purpose of investigating crustal thickness, so the Moho
depth and its changes beneath the Himalayas are still unclear. The
Sino-French team suggested a depth of 55-53 km for the Moho
beneath the high Himalayan organic belt, with a gentle rise in its
northern part. They gave this estimate based on the records along a
profile with the shotpoint in Tibet and the receiver in Nepal (Xiong
etal., 1985). The INDEPTH-I seismic reflection profile gave a Moho
depth of 75 km. With its southern end at Pagri, this profile crosses
the high peak region of the Himalayas, so 75 km may indicate the
largest depth of the Moho under the Himalayas (Zhao et al., 1993).
However, there exist high-Himalayan crystalline rocks on the south-
ern slope of the Himalayas, and therefore some geophysicists think
that the depth of 75 km is consistent with the value of 75-78 km
obtained by the Sino-French Project along the Paikii Co—Puma
Yumgco profile (Teng et al., 1983; Xiong et al., 1985). Pelkum et al.
(2005) considered that the Moho depth is ~45 km from Nepal to the
southern high Himalayas and reaches ~75 km beneath the Tethyan
Himalayas.

The Moho is offset beneath the IYS suture. Hirn et al. (1984)
proposed a larger offset (~20 km), while Xiong et al. (1985) sug-
gested a smaller offset (~10 km).

The Moho depth under the Lhasa block has been a disputable
question for a long time. Some have concluded that the average
Moho depth of the Lhasa block is 55 km (Hirn et al., 1984), but oth-
ers estimated the value at 70 km (Xiong et al., 1985). After reinter-
preting the Siling Co—Y'angamdo wide-angle seismic profile, Zhang
et al. (2001) hypothesised a downwarping form of the Moho in
northern Tibet, and thought the depth to be at least 80 km. To the
south of BNS, the Moho is reportedly as deep as 80-84 km (Zeng et
al., 1994). Unfortunately, the INDEPTH-II seismic reflection profile
was not able to detect the Moho under the Lhasa block.

The Moho is also offset as crossing the BNS, and becomes shal-
lower upon entering the Qiangtang block. Wideband seismic obser-
vation revealed a Moho offset of ~ 10 km (Zeng et al., 1994), but the
INDEPTH-III presented a value of only 5 km (Ross et al., 2004).
Despite the disagreement, it should be commonly accepted that the
Moho becomes shallower when it crosses the BNS.

Beneath the northern Qiangtang block along the Tuotuohe-
Golmud wide-angle seismic profile, the Moho has a depth of 68-70
km (Lu et al., 1990) and a small offset, 60 km, under the Jinshajiang

1¥S BNS
-—Himalayas Block—

suture (Li et al., 2004a). From the eastern Kunlun Mountains to the
Qaidam Basin, the Moho depth undulates in a range from 60 km to
52+2 km (Lu et al., 1990). The Moho offset does not exceed 10 km,
which is close to the finding by Wu Q.J. et al. (1998), but obviously
different from the value of 15-20 km estimated by Zhu et al. (1998).
The difference is aroused by the disagreement with respect to the
Moho depth in the Qaidam block. Blasting seismic profiles across
the Qaidam Basin present an average Moho depth of 55-60 km (Xu
et al., 1993; Cui et al., 1995; Zhao et al., 2001), but merely 40 km
was the Moho depth in the model proposed by Zhu et al. (1998).
The Golmud-Ejin Qi transect (1990-1995) revealed a Moho depth
of 60-70 km under the Qilian Mountains, 57 km on the northern
margin of the Qilian Mountains and 48—52 km in the Hexi Corridor
basin (Cui et al., 1995).

c. Variation of Moho in the nearly east-west direction

Though there is a limited number of east-west deep seismic sur-
vey sections in the Qinghai-Tibet Plateau, we can still qualitatively
describe the east-west changes of the Moho depth in this area. The
existing data suggest that the Moho is deeper in the west and shal-
lower in the east. This is probably related to the eastward flow of the
matter out of the plateau.

Depth and characteristics of low-velocity and high-
conductivity layers in the crust

Low-velocity and high-conductivity layers occur extensively but
discontinuously in the Tibetan crust, with a depth of 20+5 km, a veloc-
ity of 5.6-5.8 km/s and a thickness of 5-10 km. Though not exactly
coincident with each other, they have a similar variation trend in
depth and thickness (Gao et al., 1995).

There are different opinions on the formation of the layer. Nel-
son et al. (1996) concluded that a partial-melting layer existed
broadly in the middle crust beneath southern Tibet. Notably, where
low-velocity zones are recognised, partial melting is manifest. Kind
et al. (1996) agreed with this viewpoint. Wang et al. (1990) hold that
the mid-crustal low-velocity layer beneath southern Tibet may be a
brashy zone composed of partially-melting matter, which formed a
detachment surface in the mid-crust where most surficial faults are
terminated. Spratt et al. (2005) considered that the high-conductivity
layer originated from partially-melting matter in northern Tibet,
whereas Wei et al. (2001) reported that this layer is probably due to
both partial melting and fluids in southern Tibet.

Characteristics and types of velocity structure in the lower crust

Thickening of the lower crust in the Qinghai-Tibet Plateau is
influenced by heterogeneity of the crust. We can divide the lower
crust into several types, as below, in terms of velocity structure and
reflection characteristics obtained with DSS and deep seismic reflec-
tion profiles.
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Figure 7 Variation of the Moho when crossing the plateau from north to south. (After Li et al., 2004b)
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a. Lower crust with reverse velocity structure. The Yadong-Gol-
mud GGT depicts a reverse velocity structure, which is charac-
teristic of the lower crust under the Tethyan Himalayan orogen,
where seismic waves are reversed extensively (Wu et al., 1991).
Such a lower crust is 38—78 km in depth, with a thickness of 40
km;

b. Lower crust with graded velocity structure. Wang et al. (1990)
reported lower crust with graded structure of velocity in northern
Tibet. The gradient belt he estimated is 20-30 km thick and
55-82 km deep in the lower crust, with an average velocity of
7.40 km/s. There is a great dispute on whether the Moho depth is
50~56 km or 70~75 km, because of the disagreement on the
velocity gradient belt of 7.4 km/s. The belt with this velocity was
classified as the lower crust, based on the correlation between
reflection and refraction waves in the study of the Yadong-Gol-
mud GGT (Wu et al., 1991). A similar phenomenon can be seen
in the Kunlun structural belt (Lu et al., 1990);

c. Lower crust with multilayer close reflections. Lower crust
with close reflection has been widely discovered beneath orogens
throughout the world. Strong reflectivity was found at 10 s— 20 s
on the Bangoin deep seismic reflection profile studied in the
third phase of the INDEPTH (INDEPTH-III), which resembles
the typical reflectivity in the lower crust along the BIRPS WAM
line in Western Europe (Ross et al., 2004). Gao et al. (2005)
interpreted the strong reflection layer at 7 s on the Songpan-
western Qinling reflection profile as the lower crust (Figure 8);

d. Thinning lower crust. A number of facts have been noticed,
such as the shallowing of the Moho (65-58 km) when crossing
the BNS, low velocity of Pn waves in the Qiangtang block
(McNamara et al., 1995), great attenuation of Sn waves and
large-scale high-conductivity zones. All these imply that the
lower crust is structurally thinning, and a mass of heat flows are
existing in the region (Wei et al., 2001);

e. Steady platform lower crust. Based on the study in the eastern
Qaidam Basin, Teng et al. (1974) discovered a steady high-veloc-
ity layer near the Moho, and he considered it to be steady basic
matter in the lower crust under the Qaidam Basin (Figure 9).

Uncertainty of lithosphere thickness

Seismic methods serve as the principal means for geophysical
investigations, but they need super-long profiles, usually over 1,000
km, to study the lithosphere. Up to now, active-source seismic

BANGOIN WEST QINLING
0s 0s
10 10
> Moha
20
20
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Figure 8 Intensive reflection in the lower crust. (Modified from
Ross et al., 2004) A—Bangoin line in INDEPTH-111; B— BIRPS
WAM line; C—West Qinling Line.
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Figure 9 Crustal velocity structure of Qaidam Basin (After
Teng et al., 1974)

methods have not yielded helpful information on lithospheric thick-
ness in the Qinghai-Tibet Plateau, due to complexity of the crustal
structure. At present, natural earthquake data are used as primary
information in this respect. Song et al. (1985) assumed that the
thickness of the Tibet plateau was 120 km, the same finding was
obtained by Zhuang et al. (1992). Chen et al. (1985) reported 100
km by means of the surface wave dispersion of frequency, and Wu
J.P. et al. (1998) gave a thickness of 110 km based on body wave
inversion. The difference among these findings is brought about by
different seismic wave traces, different data and different operation
methods. However, natural earthquake records probably suggest
that the lithospheric mantle is not quite thick, in spite of the extreme
thickness of the crust.

Geophysicists usually infer lithospheric thickness based on the
thickness and variation of high-conductivity layers in the upper man-
tle acquired by the MT, which has been employed to study the depth
and undulation of the upper mantle under the Qinghai-Tibet Plateau.
Discussions and descriptions of the lithospheric thickness were
made during the Sino-French Project and in the study of the Yadong-
Golmud GGT (Guo et al., 1990). However, the reliability of the
information about the deep structure is somewhat weakened due to
lack of measuring points, large spacing of the points and narrow fre-
quency band of the MT. Nevertheless, the above study can still be
regarded as successful under the poor working conditions of that
time.

The broadband magnetotelluric system (MT24) and the super-
long-period MT system (LIMS) were used together to collect super-
long-period magnetotelluric signals. The electrical structure of the
crust and mantle beneath the plateau was described with modern MT
data-processing and inversion techniques (Chen et al., 1996; Wei et
al., 2003; Tan et al, 2004; Spratt et al., 2005). The INDEPTH-MT
team did not find high-conductivity layers in the upper mantle. The
low-resistivity layer in the upper mantle lies at a great depth in the
Himalayan orogen in southern Tibet, while the low-resisitivity layer
in the asthenosphere is upwarped beneath the Gangdisé€ structural
belt in Central Tibet, which implies fine regional conductivity.
Presently, none of the published INDEPTH-MT findings has speci-
fied the exact thickness of the lithosphere in the Qinghai-Tibet
Plateau.

It can thus be seen that seismic methods as well as the MT
sounding method cannot accurately decide the lithospheric thickness
of the Qinghai-Tibet Plateau, suggesting that the lithospheric thick-
ness of the plateau is uncertain.
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Uplift mechanism and geodynamic process of the
Qinghai-Tibet Plateau

The formation and uplift mechanism of the Qinghai-Tibet
Plateau is a complex question. Despite a considerable body of
research, there are still diverse opinions (Gao, 1997; Pan, 1999).

Amalgamation of terranes and uplift of the plateau

Chinese geologists discussed the forming process of the Qing-
hai-Tibet Plateau at a fairly early date. Chang et al. (1982) argued
that the plateau was not a uniform body, but came into being as an
assemblage of terranes of diverse periods. This viewpoint was sup-
ported by geophysical surveys (e.g. Wu et al., 1991; Gao et al.,
1995).

Wau et al. (1991) pointed out that the plateau kept uplifting in
the course of terrane amalgamation, which underwent a process of
"ocean-crust underthrusting—continent-continent collision—intra-
continent underthrusting". Ocean-crust underthrusting induced
thickening of continental crust, and continent-continent collision
gave rise to thrusting and overlapping of slabs, thus thickening the
crust. The intracontinent underthrusting taking place after continent-
continent collision was perhaps due to gravitational sinking of
oceanic lithospheric plates or continental inserting along crustal weak
zones. It was assumed that inhomogeneous uplift occurred as early as
when terranes were assembled to form the Qinghai-Tibet Plateau,
which was actually confirmed by a subsequent research (Murphy et
al., 1997). After the plateau was formed, the crust slid along terrane
boundaries under persistent bidirectional extrusion of the Indian and
Asian plates. North-south shortening and east-west extension of the
crust were absorbed by active old sutures and NE- and NW-stretching
strike-slip faults developed in the terranes.

Li (1995) summarised the uplift mechanism of the plateau as
"intracontinental converging—layering thickening of crust—gravita-
tional isostatic adjustment". Northward continuous move of the
Indian plate and obstruction of the surrounding rigid blocks brought
about violent intracontinental convergence. Affected by strong com-
pressing stress, intracontinental underthrusting took place along old
sutures between structural belts; on the other hand, there took place
multiple detachment in the crust. The upper, middle and lower crust
became either thicker or shorter in different ways. The plateau
uplifted slowly, and the upper mantle subsided greatly, thus forming
a "mountain root". During the Pliocene and Middle Pleistocene,
especially the latter, the plateau drifted more slowly on the whole,
and the differences in drift velocity of different blocks became less
significant. As a result, stress was relaxed and press reduced. Strong
isostatic readjustment was then reached under the influence of the
mountain root. In this case, the whole plateau was uplifted consider-
ably and quickly, eventuating on the huge Qinghai-Tibet Plateau.

Zhong et al. (1996) considered the uplift of the plateau a multi-
stage, speed-variable and inhomogeneous process. At least two
mechanisms are responsible for the entire uplift and local rapid rise
of the plateau since the Late Pliocene.

According to the 3D velocity structure of the Rayleigh wave
and the result of the DSS, Teng et al. (1999) put forward a model of
two-layer "wedge plates", that is, the crust and upper mantle of the
Indian plate was blocked by various tectonic bodies while moving
northwards and finally terminated at different positions. The first
"wedge plate" is the middle and upper crust, where the matter above
the Moho moves northwards and is obstructed by steep faults around
the Yarlung Zangbo River. The second "wedge plate" is at the bot-
tom of the low-velocity layer above the Moho, and the top of the
mantle low-velocity layer as its upper and lower detachment sur-
faces. Pushed by a strong collisional and compressional system, it
moved northwards, breaking through the Yarlung Zangbo fault, and
stopped at the southern margin of the Tarim-Qaidam terrane when
obstructed by the northern continental core.

Based on four seismic tomographic profiles across the Qinghai-
Tibet Plateau, 3D travel-time data and transformed waves, Xu et al.
(2004) obtained seismic wave anisotropy, seismic velocity layers and

velocity images of layers from surface down to a depth of 400 km,
which demonstrate the structural and physical characteristics of the
mantle. Furthermore, a new collisional model for the Qinghai-Tibet
Plateau was proposed, which involved the following geological events:
ultradeep intracontinental subduction of the Indian lithosptheric slab in
the southern plateau, deep subduction of the craton on the northern
margin, deep mantle plume in the interior, and "dextral uplift" and east-
ward extrusion of material beyond the lithosphere.

Lithospheric detachment and slab abruption

Bird (1978) put forward a detachment mode on the basis of heat
sources of collision and orogeny, and discussed the granite magma-
tism, metamorphism and uplift mechanism of the Himalayan orogen.
Detachment caused descending of the lithospheric mantle and
ascending of asthenosphere, followed by material exchanges
between the lower crust, lithospheric mantle and asthenosphere, and
consequently magmatism, uplift of mountains, and extension and
collapse took place. Geophysical surveys can be an effective
approach to yielding information on lithospheric detachment on the
plateau.

Based on seismic tomographic images, Kosarev et al., (1999)
held that the north-plunging Indian lithospheric mantle began to
detach from the crust 50 km north of the Indus-Yalu suture. The
lithospheric mantle kept undertrusting northwards, met with the
Asian lithospheric mantle 50-100 km north of the BNS at depths of
200-250 km, and then subsided beneath the mantle. Mass transfer
might have occurred at the boundary of the irregular 410-km discon-
tinuity beneath northern Tibet. Kind et al. (2002), in terms of the
same technique, proved the underthrust of the south-dipping Asian
lithospheric mantle toward the Qiangtang block. Tilmann et al.
(2003) reported that the front of the Indian lithospheric mantle was
detached 100 km below the Qiangtang block, where a mass of
asthenospheric matter ascended and was exchanged with the litho-
sphere.

Zeng et al. (2000) observed multiple crustal subductions in the
Himalayas and southern Tibet. The subducting Indian crust must
have split apart from its upper mantle, and the Indian lithospheric
mantle subducted continuously in the upper mantle, which can be
showed by geophysical evidence (Wu et al., 2004). Xu et al. (2004)
reported that the Indian lithospheric slap subducted gently 400 km
north of the IYS, beneath the Tanggula mountains. A large high-
velocity anomalous zone was split into separate high-velocity anom-
alous bodies, which may be considered as geophysical evidence for
abruption brought about by Indian lithospheric mantle subduction.

Conclusions

Thanks to the efforts made over the past fifty years, geophysicists

have carried out numerous projects on the Qinghai-Tibet Plateau,

studying the crust and upper mantle. The total length of the accom-

plished survey profiles has already amounted to more than 45,000

km. These projects have provided convincing geophysical evi-

dence for the study of many interesting questions about the plateau
such as the formation process, lithosphere structure and uplift
mechanism.

(1) In general, the crust of the Qinghai-Tibet Plateau is thinner in its
southern, northern and eastern parts, but thicker in the western
part, with asymmetrical thickening revealed in the central part.
The thickest crust is found in the Tethyan Himalayan structure
belt, while the thinnest is located in the Zoigé block in northeast-
ern Tibet. The Moho is offset more or less when crossing all the
main sutures. There are distributed nonuniform low-velocity and
high-conductivity layers or structural detachment layers in the
crust of all the terranes. It is hard to ascertain the thickness of the
lithosphere for the time being. Although the crust is extremely
thick, no evidence has been found for the thickening of the lithos-
pheric mantle.
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(2) The lower crust of the Qinghai-Tibet Plateau is characterised by
inhomogeneous structure, exhibited in different forms: reverse
velocity structure in southern Tibet, graded velocity structure in
northern Tibet, and lower crust with multi-layer close reflections,
thinning lower crust and steady platform lower crust. Different
types of structure are related to different behaviours of crustal
activity.

(3) The Qinghai-Tibet Plateau is a nonuniform body composed of
terranes possessing diverse development processes. Actually,
inhomogeneous uplift already occurred in the course of terrane
amalgamation. Bi-directional convergence and compression of
the Indian plate and the Eurasian plate was the major driving
force behind the plateau uplift, whereas lithospheric detachment
and slab abruption brought about quick uplift and subsequent
extension of the plateau.

Geoscientists have done much in the study of the Qinghai-Tibet
Plateau based on geophysical exploration, however, no thorough
understanding has been gained. There are still disagreements with
respect to many significant scientific issues. The plateau is so huge
and complex that much more research needs to be done before we
can get a clear geological picture.
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