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Abstract  The Tibetan plateau as one of the youngest orogen on the Earth was considered as the result of conti-
nent-continent collision between the Eurasian and Indian plates. The thickness and structure of the crust beneath Tibetan pla-
teau is essential to understand deformation behavior of the plateau. Active-source seismic profiling is most available geo-
physical method for imaging the structure of the continental crust. The results from more than 25 active-sources seismic pro-
files carried out in the past twenty years were reviewed in this article. A preliminary cross crustal pattern of the Tibetan Pla-
teau was presented and discussed. The Moho discontinuity buries at the range of 60−80 km on average and have steep ramps 
located roughly beneath the sutures that are compatible with the successive stacking/accretion of the former Cenozoic blocks 
northeastward. The deepest Moho (near 80 km) appears closely near IYS and the crustal scale thrust system beneath southern 
margin of Tibetan plateau suggests strong dependence on collision and non-distributed deformation there. However, the      
~20 km order of Moho offsets hardly reappears in the inline section across northern Tibetan plateau. Without a universally 
accepted, convincing dynamic explanation model accommodated the all of the facts seen in controlled seismic sections, but 
vertical thickening and northeastern shorten of the crust is quite evident and interpretable to a certain extent as the result of 
continent-continent collision. Simultaneously, weak geophysical signature of the BNS suggests that convergence has been 
accommodated perhaps partially through pure-shear thickening accompanied by removal of lower crustal material by lateral 
escape. Recent years the result of Moho with ~7 km offset and long extend in south-dip angle beneath the east Kunlun oro-
gen and a grand thrust fault at the northern margin of Qilian orogen has attract more attention to action from the northern 
blocks. The broad lower-velocity area in the upper-middle crust of the Lhasa block was once considered as resulted from 
partially melted rocks. However the low normal vP/vS ratio and the Moho stepwise rise fail to support significant partial 
melting in the middle-lower crust of the central-northern Tibetan plateau. Furthermore, the lower-velocity of crust occasion-
ally disappears, and/or local thinned exhibits their non-stationary spatial distribution. 
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1 Introduction  

The Tibetan plateau, one of the highest, largest, and 
youngest orogens on Earth, was created by conti-
nent-continent collision between the Eurasian plate and 
the northward-moving Indian plate. It is therefore 
widely considered as an optimal field laboratory to 
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study continental dynamics and an ideal site to correlate 
geophysics survey results with geological tectonics. 

The thickness and structure of the crust and status 
of the upper mantle of the Tibetan plateau are key pa-
rameters to understand its collision behavior and defor-
mation history. High resolution (active source seismic 
profiling near vertical reflection: ~ 10−100 m; wide an-
gle reflection/refraction: ~1−10 km) allows imaging of 
the structure of the continental crust. Since the 1950s 
scientists have made much effort to probe the Tibetan 
Plateau crust with wide-angle reflection/refraction pro-
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filing and near vertical reflection profiling. More than 25 
active-source seismic profiles [deep seismic sounding 
(DSS), including wide-angle seismic reflection and re-
fraction profiles, profiles and near vertical reflection pro-
file] with a total length of 12 600 km have been carried 
out around the Tibetan Plateau. In this paper the authors 
give a review of advancements over the past thirty years, 
focusing on the region of 26°N−40°N, 76°E−106°E, 
summarizing the results on thickness and structure of the 
crust beneath Tibetan Plateau to try relating the deep 
structure to its deformation mechanism.  

2 Distribution of active-sources seismic 
profiles 

Active-source seismic profiles have been used to 
study the crustal structure of Tibetan plateau for 50 

years since Dr. Zeng and his group first carried out a 
seismic reflection test in the Qaidam basin in 1958 
(Zeng and Gan, 1961; Teng et al, 1974). By 2007 more 
than 25 active-source seismic profiles (deep seismic 
sounding (DSS) and near vertical reflection profiles) 
with a total length of 12 600 km have covered most of 
the Tibetan plateau in a sparse, irregular net with the 
exception of the northern part (Figure 1).  

A 460 km-long N-S-stretching profile along the 
Yadong-Damxung rift carried out by Chinese Academy 
of Sciences (CAS) in 1977 (Institute of Geophysics, 
Chinese Academy of Sciences, 1981) stands out as one 
of the notable marks in the progress of modern seismic 
technique applied to research on the Tibetan plateau. A 
Sino-French cooperative project (entitled “Formation 
and Evolution of Himalaya Geological Structures, Crust  

 

Figure 1 The active-source seismic profile in the Tibetan plateau (up to 2008). Tectonic settings (Yin and Mark, 2000): 
IYS: Indus-Yalu suture; BNS: Bangong-Nujiang suture; JS: Jinsha suture; AKMS: AyimaqiKunlun-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. DSS profiles numbering (red): 1. 
Yadong-Damxung (Institute of Geophysics, Chinese Earthquake Administration, 1981); 2. Paikü Co-Puma Yumco 
(Teng et al, 1983;); 3. Siling Co-Y'angamdo (Teng et al, 1985); 4. Gala-Amdo (Xiong et al, 1985); 5. Tuotuohe-Golmud 
(Lu and Chen, 1987); 6. Aksay-Huashixia-Jianyang (Xu et al, 1993; Cui et al, 1996); 7. Golmud-Ejin Qi (Cui et al, 1995); 
8. Cuoqin-Sangehu (Xiong and Liu, 1997); 9. Quanshuigou-Dushanzi (Li et al, 2001); 10. Deqen (Nam Tso)-Longwei 
Tso (Zhao et al, 2001); 11. Gonghe-Yushu (Wang and Qian, 2000; Vergne et al, 2002); 12. Maqin-Lanzhou-Jingbian (Li 
et al, 2002); 13. Gonghe-Yushu-Xiachayu (Zhang et al, 2002a); 14. Batang-Zizhong (Wang et al, 2003a); 15. 
Golmud-Da Qaidam-Mangya-Ruoqiang (Zhao et al, 2001, 2003, 2006); 16. Zham-Coqen (Liu et al, 2004); 17. Benzi-
lan-Tangke (Wang et al, 2003b); 18. 3D profile on eastern Kunlun (Zhang et al, symposium report, 2002); 19. Ma'er-
kang-Gulang (Zhang et al, 2008); 20. Eastern Silin Co-Western Coqen (Zhang et al, symposium report, 2004). Near 
vertical seismic profiling numbering (black): 1. Yuka-Gansen and Golmud-Da Qaidam (Zeng et al, 1961); 2.Profiles of 
INDEPTH Project I−III (solid line segment) (Zhao et al, 1993, 1997); 3. Diaodaban-Huahai (Wu et al, 1995); 4. West 
Kunlun-Tarim (Gao et al, 2000b); 5. Altyn-Tarim (Gao et al, 2000a); 6. Tangke-Hezuo (Gao et al, 2005a); 7. The ex-
periment of seismic acquisition method for petroleum and natural gas exploration (dot line) (Gao et al, 2005b). 
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and Upper Mantle”) (Zhao et al, 1997) during 
1980−1982 applied the most advanced DSS technology 
of its time. Two in-line transects, a profile along struc-
tural strike located in the Tethyan Himalayan terrane and 
Lhasa block and a fan-recording profile across the In-
dia-Yalung Zangbo suture, are still widely cited today. 
Most later profiles cross the sutures are from north to 
south (Lu and Chen, 1987; Cui et al, 1995; Xiong and 
Liu, 1997; Zhao et al, 2001, Liu et al, 2004; Vergne et al, 
2002, Wang and Qian, 2000; Zhang et al, symposium 
report, 2002) except the profile Eastern Silin 
Co-Western Coqen (Zhang et al, symposium report, 
2004). 

Several of the early profiles that follow the high-
way from Lhasa to Golmud have been compiled into 
Yadong-Golmud GGT (Wu et al, 1991). Scientists con-
tinue to debate some of the results, such as the role of 
the northeastward rifts (e.g., Yadong-Gulu rift).  

In order to trace the lateral variation in crustal 
structure along the Indus-Yarlung (Tsangpo) Suture 
while avoiding the rift influence, Chinese geophysi-
cists designed and collected the profiles in 1994 
(Xiong and Liu, 1997, No.8 in Figure 1) and 2001 (Liu 
et al, 2004, No.16 in Figure 1) 200 km west to 
Yadong-Gulu rift across IYS along the route from 
Nielamu-Saga-Coqen. 

In recent decades more attention has been paid to 
the relationship and interaction between the plateau and 
its neighboring blocks. Some profiles extended from the 
Tarim, Yangtze or North China blocks across the eastern 
or northern margin of the plateau (Wang and Qian, 2000, 
Wang et al, 2003a, b; Li et al, 2001; 2002; Vergne et al, 
2002, Zhang, personal communication, 2004, Zhang et 
al, 2008 ). The 3D survey system has been attempted in 
the eastern plateau (Zhang et al, symposium report, 
2002). Our main knowledge regarding the structure of 
the crust and upper mantle beneath the Tibetan Plateau 
is from the DSS profiles covering most of the Tibetan 
Plateau except the northwestern area.  

Comparatively, the near vertical reflection profiles 
cover a less area than DSS profiles and are sporadically 
distributed in the south, east and surroundings of the 
plateau.  

In the early of 1990s, the near-vertical seismic reflec-
tion method with multiple coverage, successfully used by 
COCORP to probe the North American continental crust 
and first brought to the Tibetan plateau by Project IN-
DEPTH (abbreviation of "International Deep Profiling of 
Tibet and the Himalaya") aimed at the deep structure of 

the active continent-continent collision zone.  
INDEPTH I−III has been completed and its stage 

IV is in progress. The INDEPTH I (1992~1994) and II 
(1994−1996) focus on near-vertical seismic profiling. 
The first 100 km test profile in the Himalayan was fin-
ished in 1992 (stage I) to confirm that seismic waves 
generated from active sources were able to penetrate the 
80 km crust of the Tibetan Plateau (Zhao et al, 1993). 
Then 250 km of profiling (the black short line in Figure 
1) was collected across the IYS from 1994−1996 (stage 
II) to determine the extent of Indian lithosphere sub-
ducting beneath the IYS and Lhasa block (Nelson et al, 
1996; Zhao et al, 1997). The principal objectives of 
INDEPTH III (1998−2001) are to elucidate the mecha-
nism of crustal shortening and thickening in the interior 
of the plateau through DSS profiling along a 400 km 
long NNW-SSE profile from Lhasa block to the central 
Qiangtang terrane at about 89.5°E, crossing the Ban-
gong-Nujiang suture (BNS) (Zhao et al, 2001). A 
short-period, 60 channel geometrics system with vertical 
component geophones was brought there for 
near-vertical acquisition experiment, four in-line and 
one cross-line profiles of small shots (charge size 2 kg to 
50 kg) were obtained (Haines et al, 2003; Ross et al, 
2004 ). During stage IV, a 280 km wide-angle seismic 
profile was acquired with about 50 km of near vertical 
profiling across east Kunlun Mountains (the project is in 
progress) to determine intracontinental subduction and 
the crustal scale faults proposed by predecessors recent 
year (Zhu and Helmberger, 1998; Wittlinger et al, 1998; 
Kind et al, 2002). 

At the same time of INDEPTH, a number of 
near-vertical profiles in the eastern part or across the 
mountain-basin junction around the northern and eastern 
margin of the plateau have been finished independently 
by Chinese geophysicists (Gao et al, 2000 a, b, 2005a). 
To improving methods of acquisition and data process 
petroleum seismic exploration, a total of 200 km of ex-
periment profiles have been completed by the Chinese 
Geological Survey Bureau in 2004−2008 (Gao et al, 
2005b). 

Although the total length was only about 10 percent 
of DSS (about 1 300 km) due to high cost, the fine struc-
ture of the crust imaged by near-vertical profiles plays a 
crucial role in elucidating the dynamic mechanisms of 
deformation caused by continent-continent collision. We 
believe it will be used more widely to survey the crust of 
the Tibetan plateau in the future. 
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3 Crustal thickness variations across 
Tibet  

DSS profiling often records a strong reflection wave 
group Pm (a critical and/or over-critical reflection phase 
of P wave from the boundary of crust and upper mantle) 
since DSS profiling is more sensitive to vertical velocity 
variation. Analyzing and correlating Pm travel-time 
curves through inverse/forward calculation enables the 
estimation of Moho depths even in the invalid regions. 

Large-scale surface wave inversion, P-wave tomo-
graphy and teleseismic receiver functions gave Moho 
depths of >60 km on average that roughly mirror the 
surface of the plateau with larger crustal thicknesses 
(15−20 km larger than around blocks) under higher ele-
vation regions (Chen and Zeng, 1985; Zhuang et al, 1992; 

Mayakovsky, 1996; Lü et al, 1996; Wu et al, 1998; Griot 
et al, 1998; Wu and Zeng, 1998 ; Kind et al, 2002; Zhao 
et al, 2004; Pelkum et al, 2005 ), but that not accurate 
enough (thickness) and without detail (structure ) imaged 
by passive seismic profiling due to sparse spatial sam-
pling and lower natural frequency, only denser ac-
tive-source profiles allow these thicknesses to be cor-
roborated and constrained in greater detail.  

Unexpectedly, the largest Moho depth appear not 
in the central of the plateau but in the vicinity of IYS 
with a value range of 70−80 km from that Moho step-
wise decreases both to the south (beneath Himalaya) 
and to the north (Teng et al, 1983; Hirn et al, 1984a, b; 
Zhao et al, 1993; Kind et al, 1996; Yuan et al, 1997; 
Tapponnier et al, 2001; Galvé et al, 2002; Vergne et al, 
2002) (Figure 2). 

 
Figure 2 The velocity (P wave )-depth sections from INDEPTH 1, 2 piggyback-wide angle data  
The Indus-Yarlung Tsanpo Suture is marked as “Tsanpo” in the section. 

The Moho depth beneath the Himalayan Terrane 
has been well constrained by DSS, near vertical, and 
passive source seismic profiling (Teng et al, 1983; Hirn 
et al, 1984 a, b; Zhao et al, 1993; Kind et al, 1996; Yuan 
et al, 1997; Zeng et al, 2000; Zhang et al, 2002b). From 
the IYS to the southern margin of the plateau, the Moho 
rapidly rises from ~80 km (under Tethyan Himalaya 
very close to IYS) to <40 km (under Northern India). 
Across IYS, beneath the southern part of Lhasa block, 
the Moho depth had been debated by some scientist be-
tween 55 km and 70 km (Hirn et al, 1984; Xiong et al, 
1985). Recent data (Zhao et al, 2001; Liu et al, 2004; 

Zhang, personal communication, 2004) supports a depth 
of ~70 km (Sapin et al, 1985) even locally deep to ~80 
km beneath Yadong-Gulu graben/rift and its northern 
extension (Zhang et al, 2001) if the crust/mantle mix 
zone is considered part of the crust.  

Due to poor coverage, Moho depth beneath the 
central Qiangtang block is still unclear with only its 
southern and the northern part constrained respectively 
by Nam Tso-Longwei Tso profile of INDEPTH III  at 
the depth of (60±5) km (Zhao et al, 2001)and Tuo-
tuohe-Golmud profile (Li, 2004b) at the depth of 70 km 
(Figure 3). 
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The crustal thickness of the northeastern region of 
Tibetan plateau is determined by three profiles (DSS 
profile 5, 11, and 13 in Figure 1), acquired respectively 
in 1983 (Lu and Chen, 1987, 1990), 1998 (Wang and 
Qian, 2000; Galvé et al, 2002 a) and 2000 (Zhang et al, 
2002 a). These don’t appear to be completely consistent 
with each other or with the passive seismic (Ding et al, 
1992). Scientists have tended to accept that the Moho 
depth varies in a stepwise fashion, from 70 km (the 
northern edge of Qiangtang block, under Jinsha Suture) 
through Bayan Har and east Kunlun orogen belt (60−70 
km) continually to (52±2) km (Qaidam Basin) (Tappon-
nier et al, 2001; Galvé et al, 2002a; Vergne et al, 2002). 
That geometrical image has been built through reinter-
pretation of the Tuotuohe-Golmud profile and the 
southern part of the Golmud-Ejin profile (Figure 3) (Li 
et al, 2004). The geometrical feature is supported by a 
500 km east profile (DSS profile 11 in Figure 1) (Vergne 
et al, 2002). The geometrical characteristics seem to 
suggest the Jinsha river suture plays an important role in 
the formation and evolution of the northern Tibetan Pla-
teau. It is probably the main suture of the southern con-
tinental and the northern continental in late Paleozoic to 
early Mesozoic. 

The crustal thickness beneath the Qaidam basin, a 
former Mesozoic block involved in the convergence and 
deformation system of India-Asia, has been 
well-constrained at (52±2) km (Teng, 1974; Lu and 
Chen, 1987, 1990; Cui et al, 1995, 1999; Zhao et al, 
2003; Li et al, 2004b) in its central region and 58−61 km 
beneath its northern margin (Zhao et al, 2003). These 
thicknesses are approximately 10 km larger than those 
of adjacent blocks (both Tarim basin and Sichuan basin 
(Yangtze) have an average thickness of 45 km) (Cui et 
al, 1996; Li et al, 2001). Beneath the Qilian Shan, the 
northern neighbor of the Qaidam basin, the crustal 
thickness is 70 km to 57 km with the Moho shallowing 
to the north and a ~10 km south-face dipping beneath 
Golmud-Ejin Qi profile (Cui et al, 1995, 1999; Gao et al, 
1995) that shows a notable contrast to the Hexi Corridor 
basin (North China Plate ) where Moho with a depth of 
48~52 km extends smoothly (Figure 4). 

4 Steep variations in Moho depth un-
der boundaries of terranes /blocks 

The Tibetan Moho features violent rise and fall to-
pography from a 500 km fan-profile presented by Hirn et 
al (1984a) and Allegre et al (1984) in which ~20 km off-

set was postulated beneath the IYS and the other sutures. 
But a 300-km in-line profile (DSS profile 16 in Figure 1) 
across IYS to the west shows the crust only gets moder-
ately shallower ~5 km at the northern side of the IYS. 
The BNS is thought to have formed during the late Ju-
rassic-Early Cretaceous as a consequence of the colli-
sion between the Lhasa and Qiangtang block/terrane. 
2−3 km shallow of the Moho does indeed exist 25−50 
km north of the surface trace of the BNS beneath the 
INDEPTH III profile (No.10 on Figure 1), contradicting 
the 20 km Moho offset proposed by Hirn et al (1984 a). 

Moho variations beneath the JS are similar to those 
beneath the IYS and BNS, with a range of 5 to 10 km 
from DSS profiles (Vergne et al, 2002; Li et al, 2004a,b). 
The Moho under the southern boundary of the East 
Kunlun has not been stringently constrained, but several 
studies have shown it has only 7−10 km Moho offset 
relative to the northern boundary of the East Kunlun (Li 
et al, 2004c, Zhao et al, 2003). Both the profiles along 
the northern margin fault of the Qaidam basin and 
across it verify that the fault stretches to a depth of 70 
km (Cui et al, 1995; Wang et al, 2000; Zhao J M et al, 
2001). The Qilian Shan is often considered the north-
eastern edge of the Tibetan plateau (Yin and Mark, 2000; 
Tapponnier et al, 2001). Along the geographical south-
ern and northern fringe boundary of the Qilian Shan, 
there are a strike-slip fault (as SQS in Figure 1) with a 
dip-direction variation and a south-dipping up-thrust 
fault (as NQS in Figure 1). The NQS with a 5 km lo-
cated step-uplift of the Moho extends through the whole 
crust from the surface into the top of upper mantle (Fig-
ure 4). 

On the regional scale, steep variations in Moho are 
always seen under the boundaries of the blocks (sutures) 
or in their vicinity though the scale/magnitude of the 
Moho offset from the in-line profile is far less than the 
10−20 km proposed by Hirn et al (1984) previously. 
Furthermore, if the crustal structure is imaged with 
variation of vP/vS from a joint receiver function and DSS 
approach across the Himalaya and Tibet, the Moho ap-
pears much more complex (Galvé et al, 2002b). The 
Moho remains relatively stable in the block interior but 
always features steep variations near the boundaries of 
the blocks (such as IYS, BNS, JS, NKS, SQS and NQS), 
which indicates boundaries of accreted blocks can re-
main in the deep or can be reactivated by continental 
collision. Therefore, the plateau accretion hypothesis 
incorporating building up of Mesozoic terranes has ac-
tually been supported by these observations. At the same 
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time this also hints that the trace of the sharp rise of the 
Moho depth related to the previous collision will gradu-
ally be erased if it is not reactivated. As we seen in Fig-
ures 2, 3 and 4, Moho offsets produced by previous col-
lisions appear less than those produced later.  

5 Crustal structure characteristics and 
lateral variation 

The crustal structure of the Tibetan plateau is illu-
minated in a velocity-depth contour cross section strik-
ing SW-NE through the Himalayas to the Qaidam basin 
(Figure 5). 
5.1 Vertical crustal structure  

The crustal structure of the plateau is representative 
(typical) of continent crust with a thickness of 60+ km 
on average and a vertical 2-divided structural pattern. 

The upper crust with a thickness of 30−40 km in-
clude a gradual increasing velocity layer of sedimentary 
and constant velocity layer of crystallize rock and gen-
erally show the most significant lateral variation corre-
lated with evolution process of the blocks composed of 
the plateau Mesozoic to Neozoic.  

A velocity-reversed layer has variable location at 
the bottom or interior of the upper crust at a depth of 
(20±5) km beneath the surface with a thickness of 5−8 
km, velocity of 5.6−5.8 km/s, and local thickening be-
neath southern Tibet (south of IYS) and northern Tibet 
(north of JS). Between the IYS and JS, the crust of cen-
tral Tibet from the surface down to a depth of 40 km has 
been filled up with extensive lower velocities.  

A lower velocity layer in the middle crust and a 
gradually increasing velocity zone in the lower crust is 
considered to be a detachment zone (Main Himalayan 
thrust) beneath high and Tethyan Himalaya (Zhao et al, 
1993) and an indicator of decoupled upper and lower 
crust in the northern part of Tibetan plateau. A broad 
lower-velocity area in the middle crust of the Lhasa 
block is interpreted as a layer of partial melting (Nelson 
et al, 1996; Makovsky et al, 1996). There is evidence of 
the lower velocity disappearing or local thinning, re-
flecting the complexity of continental crust in a young 
orogen. The crust-mantle transform zone is not ubiqui-
tous beneath the plateau profiles. 

The lower crust shows more structural complexity 
due to non-coincident thickening. It is usually thick (~40 
km), with a constant velocity and a simple structure，but 
sometimes it can be modeled as a gradually increasing 
velocity layer such as the Lhasa block and Bayan Har 

block. In contrast with the upper crust, the lower crust 
seems to be impacted to a greater extent by present day 
tectonic activity and temperatures caused by conti-
nent-continent collision in the Himalaya and southern 
Tibet and intra-continent underthrust beneath the east 
Kunlun orogen.  
5.2 Lateral variation of crustal structure  

On the scale of whole crust, the northeast profiles 
reveal significant lateral variation in crustal structure 
(Zeng et al, 1998). The typical “double-crust” pattern 
beneath the Himalaya and southern Tibet actually does 
not appear in the extensive region of central and north-
ern Tibet even though where the crustal thickness 
reaches double that of east China (30~40 km). Passive 
source seismic data may suggest the top of the Indian 
upper mantle underthrust the Tibetan Plateau a long dis-
tance, but has no available active source data supports 
Indian crust also underthrust over IYS (Hauck et al, 
1998). So “double-crust” may be a special case of the 
crust replying the collision between India and Asia.  

The lateral variation of upper crust of the Tibetan 
plateau is considerable and reasonable to relate to the 
evolution during the Mesozoic to Cenozoic at that pe-
riod the successive ranges and intermountain basins 
formed (Chang et al, 1982). 

The upper crust of the Himalayan terrane can be 
characterized as 3 rock pieces or layers separated by 3 
southward thrusting faults that converge in the lower 
velocity MHT. This region may have originated as a 
continent-ocean (Indian plate-Tethys) margin fed by 
sediments before the collision of the Indian and Eura-
sian plates (Li, 1995). The Lhasa block was considered 
as split from the Gondwana continent and accreted at the 
margin of Asia as the Tethys opened. The Gangdese re-
gion, at the northern side of IYS, is actually the southern 
part of the Lhasa block, as is apparent from a high ve-
locity area related to uplift and erosion process after 
collision. Sequentially to the north, a lower velocity area 
extending for 100 km around the BNS covered the 
Northern part of the Lhasa block and the southern part 
of Qiang Tang block, as shown in Figure 5. The Qiang-
tang block with a flat topography and thick sedimentary 
layers actually forms the center of the Tibetan plateau. 
The Jurassic Jinsha suture divides the Bayan Har block, 
also called Songpan-Garze Terrane, from the Qiangtang 
block. The Bayan Har block is considered to have 
originated as a continent-ocean margin with a 5 to 10 
km thick cover of Triassic flysch. The Kunlun-Qaidam 
block, separated from the Bayan Har block by the Triassic  
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Figure 3 The velocity-depth section beneath the northeastern region of Tibetan plateau. Js: Jinsha 
river suture; SKF: the southern edge fault of East Kunlun; NKF: the northern edge thrust fault of East 
Kunlun; Open circles denote the epicenters during 1964−2003, while solid circles represent MS>6.0 
earthquake epicenters during 1980−2003 (projection along attitude, data is from 
www.iris.washington.edu), the location of MS8.1 earthquake in 2001 is marked with a star near SKF 
beneath surface. The color scale is P wave velocity.  

 

Figure 4 Crustal structure across the Qilian Shan to the Hexi corridor (North China) (Cui et al, 1995). 
SQS: Southern fault of Qilian Shan; NQS: Northern fault of Qilian Shan.  

 

Figure 5 A P-wave velocity section across the Tibetan plateau. HM: Himalayan; QT: Qiangtan; BH: Bayanhar; ITS 
(equal to IYS): Indus-Tsangpo Suture; SKF: Southern Kunlun fault; BNS: Bangong-Nujiang suture; JS: Jinsha suture; 
White gaps are areas with no data coverage. The two “+”symbol indicate Moho depth of the cross profile 2, 3 (see 
Figure 1). The red lines appeared under BNS represent the Moho depth in the west 200 km of this section. 
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Kunlun suture, has a more complex structure with 
higher and lower velocity layers caused by earlier evo-
lution processes. 

The middle crust can be characterized by variations 
in thickness and velocity magnitude of the 
lower/reversed layer. Except for the extensive lower 
velocity layer in the middle crust of the Lhasa block, a 5 
to 10 km thick lower velocity layer appears in the Ti-
betan crust. The appearance of the lower/reverse veloc-
ity layer is probably related to shear action and tem-
perature rise after the collision. 

Clear lateral variation is present in the lower crust 
between the blocks of the Tibetan Plateau. The 
Yadong-Golmud GGT depicts a reverse velocity struc-
ture at a depth of 38−78 km and a thickness of 40 km 
beneath the Tethyan Himalaya (Wu et al, 1991). A gra-
dient zone was reported from a depth of 55 km begin-
ning with a thickness of 20−30 km and an average ve-
locity of 7.40 km/s. A similar phenomenon occurs in the 
lower crust of the East Kunlun, as described by Lu et al 
(1990). The gradient velocity layer (mixed layer of crust 
and mantle) usually accompanies strong shortening of 
the lower crust, but this combination is not confirmed 
anywhere beneath the Tibetan plateau.  
5.3 The velocity-depth rela tionship and its lateral 
variation 

The average crustal velocity of the Tibetan plateau 
ranges from 6.10 km/s to 6.30 km/s, which is below the 
level of adjacent Tarim basin crust (Li et al, 2001; Li, 
2004; Zhao et al, 2001, 2003, 2006) and Sichuan basin 
crust (Cui et al, 1996) and indicates a fel-
sic-to-intermediate crustal composition of continental 
type.   

For crystallized crust, lateral variation of average 
velocity usually looks so small that it is not worth no-
ticing in comparison with thickness variation. Naturally 
Himalayan terrane has moderate lateral velocity varia-
tions, as do the Bayan Har and East Kunlun terranes. 
Lateral variations are greater beneath the Lhasa and 
Qiangtang terranes, especially in the northern Lhasa and 
Qiangtang blocks. The lack of significant difference in 
mean velocity for the blocks seems to suggest that geo-
metrical deformation (a geophysical process) is domi-
nant in the process of the plateau uplift. 

The Pn wave velocity at the top of the upper mantle 
in the Tethyan Himalaya is 8.2±0.2 km/s, near the global 
continental average. The Indian continent Pn velocity is 
8.3 km/s to 8.4 km/s, implying a normal top lid of upper 
mantle beneath the Tethyan Himalaya crust with predi-

cate Indian lithospheric mantle inserted beneath the 
Southern Tibetan at a steep angle (Zhao et al, 2004).  

Studies have not yet determined Pn in the interior 
of the plateau. Possible reasons for this include that the 
receiver were not far enough from the shotpoint for the 
huge thickness of Tibetan plateau or that the Moho dis-
continuity is too weak to generate a detectable Pn wave. 
Acquisition of the Pn wave group has become a key task 
of DSS surveys in the Tibetan plateau. 

6 Conclusions  
Although many mysteries remain, a preliminary 

geometric pattern of the crust across Tibetan plateau has 
been constructed from active source seismic profiles in 
the past several decades. 

Results from active source seismic profiling yield 
an image of the crust shows a flat crust-mantle interface 
in central Tibet and northeastward or southwestward 
deepening in the Himalaya/southern Tibet and in cen-
tral-northern Tibet, respectively.  

The Moho interface is buried at the range of 60−80 
km on average and has steep ramps located roughly be-
neath first order topographic or geological boundaries. 
Such an image is compatible with the successive stack-
ing/accretion of large crustal thrust wedges that would 
have grown northeastward.  

Crustal deformation behaved quite differently in 
southern Tibet and northern Tibet. The deepest Moho in 
the vicinity of IYS and the crustal scale thrust beneath 
southern Tibet obtained by near vertical reflection pro-
files (Zhao et al, 1993; Brown et al, 1996; Zhao et al, 
1997; Hauck et al, 1998; Mayakovsky et al, 1999) sug-
gest strong dependence on collision and non-distributed 
deformation which is coincident with GPS data (Wang 
et al, 2001). Both the low normal vP/vS ratio and the 
Moho stepwise rise fail to support significant partial 
melting in the middle-lower crust of the central-northern 
Tibet plateau but imply the regional gravity adjustment 
is in a dominant position far from the main collision 
zone.  

It is notable that the crustal thickness of Tibet is 
double that of eastern China and 15−20 km larger than 
adjacent blocks. Evidently, convergence between India 
and Asia occurs differently in the southern and northern 
plateau. In the south there is at least 350 km shortening 
that was accommodated by underthrusting along the 
crustal scale MHT. Though underthrusting also probably 
occurred during the early period of collision in northern 
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Tibet, current data shows no crustal scale detachment 
zone. Extensive high temperatures in the middle crust as 
well as high strains in the lower crust hint that continu-
ous northward movement of the India plate was pre-
dominantly accommodated by lower crustal thickening 
as well as “strike-slip” and “crustal flow”.  

Furthermore, the Moho depth almost always varies 
steeply under the block’s boundaries, which is consistent 
with the hypothesis of an embryonic plateau formed by 
accretion of former Cenozoic terranes. However, the 
~20 km order of Moho offsets has not been confirmed 
by any higher accurate seismic profiling (Zhao et al, 
1997, 2001). 

The weak geophysical signature of the BNS sug-
gests that convergence has been accommodated perhaps 
partially through pure-shear thickening accompanied by 
removal of lower crustal material by lateral escape, 
likely via ductile flow. The continuous, south-dipping 
Moho with ~7 km offset beneath the east Kunlun orogen 
and the large scale thrust faulting in the northern margin 
of the Qilian Shan are both unable to accommodate a 
convincing explanation for the Cenozoic collision along 
the IYS although it is acknowledged.  

The extensive lower-velocity layer of the Tibetan 
Plateau undoubtedly plays an important role in explain-
ing mechanisms of Tibetan plateau uplift. As in the crust 
of most continents, the well-constrained reverse or 
lower velocity layer in the middle crust in southern Tibet 
is considered a detachment zone (MHT). The velocity 
gradient zone in the lower crust is usually considered as 
an indicator of decoupled upper and lower crust 
(Mooney and Brocher, 1987, Christensen and Mooney, 
1995). The broad lower-velocity area in the middle crust 
of the Lhasa block results in partially melting rocks 
filled with liquid minerals. The evidence of the 
lower-velocity disappears, and/or local thinning exhibits 
the complexity of the Tibetan continental crust. The 
crust-mantle transform zone is not seen in every profile 
acquired thus far. 
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