
Earthq Sci (2009)22: 379−387  379

 

Integrated geophysical evidence for a new style  
of continent-continent collision beneath  

the western Kunlun in the  
northwestern China∗ 

Rizheng He 1,2,  Rui Gao 1,2 Qiusheng Li 1,2 and Ye Guan 1,2 

1 Lithosphere Research Center, Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China 
2 Earthprobe and Geodynamics Open Laboratory, Chinese Academy of Geological Sciences, Beijing 100037, China 

Abstract    Along the western Kunlun-Tarim-Tianshan geoscience transect in the northwestern China, an integrated 
geophysical investigation was carried out. Owing to the abominable natural conditions there, the sounding profile could not 
cross the whole transect, consequentially, a variety of velocity structures in the transverse and vertical orientations beneath 
the whole transect were not obtained, such as the case within the western Kunlun orogenic belt. To supply a gap of deep 
seismic soundings within the western Kunlun orogenic belt, we used the Bouguer gravity anomaly data and the relationship 
between the compressive wave and the density to obtain the density structure of the crust beneath the western Kunlun and the 
southern Tarim basin by a forward fitting of gravity anomalies within the two-dimensional polygonal model of uniform 
medium. The crust of the Tarim basin with a rigid basement was like an asymmetrical arc, whose surface feature was the 
Bachu uplift in the middle of the Tarim basin. Beneath the conjoint area between the Tarim basin and the western Kunlun belt, 
there was a V-shape structure located just up to the top of the uplifted Moho. The multi-seismological structures jointly 
revealed that the face-to-face continent-continent collision beneath the western Kunlun is a new structural style within the 
continent-continent collision zone, which is a real model proved by the numerical modeling. 
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1 Introduction  

The Western China is a perfect area to study the 
process of continent-continent collision between the 
Indian plate and the Eurasia plate. Here are the youngest 
large-scale orogen beyond the continent-continent 
collision and the Mesozoic-Cenozoic basin with the 
oldest craton basement developed in this area, and the 
deformation history of the Cenozoic continent is 
recorded by the particular kind of layout between the 
basin and the mountain. Many different models have 
been proposed to explain the evolution and uplift history 
of the Tibet in the Cenozoic era (Dewey and Burke, 
1973; Tapponnier and Molnar, 1977; Tapponnier et al, 
1982, 2001; Molnar and Tapponnier, 1978; Houseman et 
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al, 1981; England and Houseman, 1986, 1989; Zhao and 
Morgan, 1987; Wu et al, 1991; Hamburger et al, 1992; 
Platt and England, 1994; Willett and Beaumount, 1994; 
Roger et al, 2000). Around the Tibetan plateau, the 
Western Kunlun mountains in the northwestern China is 
the key place to study and reveal the process of collision 
between the Indian and Asian plates. This region also 
holds an important clue to understanding the continental 
dynamics that might otherwise be inaccessible, 
especially when those orogenic belts have been quite 
active currently (Liu, 1999; Liu et al, 2000; Guo et al, 
2002; Lou et al, 2007).  

The continental dynamic environments of mutual 
compression within some intra-plate blocks developed 
beyond the collision between Tarim and the north 
margin of Tibetan plateau possibly happened 
(Lyon-Caen and Molnar, 1984; Gao et al, 1995). As a 
large-scale young intracontinental orogen in the Central 
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Asia, Tianshan is far away from the collision boundary 
between the Indian and Asian plates, and the mechanics 
for its uplift has generally been argued for a long time. 
Some influential views on this question are about the 
effect of long-distance subduction from the Indian plate, 
which consider that Tianshan developed owing to the 
arc-continental collision in the Paleozoic (Windly, 1990; 
Gao, 1998), then re-uplifted and rebuilt as a result of the 
collision between the Inian and Asian plates in the Late 
Cenozoic (Burchfiel and Royden, 1991; Yin et al, 1998).  
Obviously, the re-uplift of Tianshan mountains in the 
Late Cenozoic involved the characteristics of the crust 
of Tarim, namely, whether or not the compressive stress 
resulted in the northward collision of the Indian plate 
could be transferred from the collision boundary to the 
interior of the Asian continent. Those frontal scientific 
questions about continental geodynamics brought about 
the deformation of intra-continental lithosphere, 
consequent arranges and deep process of Cenozoic uplift 
of some mountains in the center of Asia, which are 
involved in the collision of the two plates. They require 
further studies on the deep structure of lithosphere. To 
better understand the mutual actions between the 
northern Tibetan plateau and the Tarim basin, it is 
necessary to firstly study the deep structures beneath the 
junction of the western Kunlun mountains and the Tarim 
basin.    

The across-line deep seismic soundings carried out 
in 1998 along the southern margin of Tarim basin 
(Zhang et al, 2002 ) and the deep seismic reflection 
profile parallel to the Southwest Tianshan conducted in 
2004 (Yang et al, 2006) showed jointly that the western 
Kunlun mountains, the Tarim basin and the Southwest 
Tianshan have great differences in velocity structure. 
The velocity structure beneath the Tarim basin was 
similar to a typical stable block and that beneath the 
western Kunlun belts had the thickened crust of about 
70 km depth and the slower velocity of lower crust 
(Zhang et al, 2002). Unfortunately, those works were 
only around the Tarim basin, but did not reach the 
western Kunlun mountains. Recently, the  P-to-S 
converted teleseismic receiver functions have showed 
the southward subduction of the Asian lithosphere 
beneath the Indian lithosphere in a long distance beneath 
the east flank of west Himalayan syntax (Kumar et al, 
2005) and on the western Kunlun mountains (Wittlinger 
et al, 2004; Xue et al, 2004), whose results were opposed 
to other evidences of gravity (Lyon-Caen and Molnar, 
1984), relocated earthquakes (Chen and Yang, 2004 ) 

and seismic tomography (Xu et al, 1994, 2001; Zhou 
and Murphy, 2005; Huang and Zhao, 2006).   

Moreover, the research on the geoscience transect 
along the Western Kunlun-Tarim-Tianshan, 1200-km 
long, in the northwestern China had been carried out 
during 1996 to 2000. The integrated geophysical 
investigation (deep seismic sounding, deep seismic 
reflection, broadband seismological observation, and 
interpretation of regional gravity & magnetic anomaly) 
were developed along this transect in order to reveal the 
state of lithosphere structure and its variations (Gao et al, 
2000; Li et al, 2002; Lu et al, 2000; Xiao et al, 2001 ). 
On the other hand, as the surface topographic conditions 
limited some investigation work (such as deep seismic 
profile, deep seismic sounding) to be well carried out as 
shown in Figure 1, some existing gaps had obstructed us 
in well understanding the subsurface structures. In order 
to fill those gaps and to better understand the subsurface 
structures, modeling gravity data will be a good method 
to link them together. The profile from Quanshuigou to 
Aral shown in Figure 1, which is the southern part of the 
whole Tianshan-Tarim-Western Kunlun geoscience 
transect, is just a good link. 

On the basis of the geoscience transect and the 
existing geophysical and geological evidences, this 
paper mainly introduces the tomography structure and 
the density structure and summarizes those results to 
better understand the entire lithosphere structure beneath 
the whole transect. Furthermore, we give a new 
structure style within the continent-continent collision 
zone, namely, the continent-continent collision with 
face-to-face style beneath the western Kunlun. 

2 Tectonic settings and location of 
transect 

As shown in Figure 1, the Tianshan-Tarim-Western 
Kunlun geoscience transect located in Xinjiang is about 
1 200 km long from the north to the south, which begins 
from Doshanzi in the south margin of the Junggar basin, 
passes through the whole Tianshan mountains, crosses 
the Tarim basin, and ends at Quanshuigou in the Western 
Kunlun. The transect involves some tectonic units from 
the north to the south, such as the Junggar basin, North 
Tianshan terrane, Central Tianshan terrane, South 
Tianshan terrane, Tarim basin, Tieklic terrane, Western 
Kunlun terrane and Kara Kunlun terrane (Xiao et al, 
2001). With sediment for the greater part, the Tarim 
basin which had a paleocontinental core and formed in 
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different eras and in different tectonic environments, is 
really a large complex basin and the earliest 
paleo-continent in the northwestern China (Xinjiang 
Bureau of Geology and Mineral Resource, 1993). There 
are some pre-Paleozoic and Paleozoic strata outcrops in 
the Tieklic terrane, which lies in the south of foreland 
fault of western Kunlun (FFW).  

As a part of the main body of the Tibetan plateau, 
the Western Kunlun orogen that lies in the northwestern 
Tibetan plateau has strongly deformed, where 
earthquakes frequently happen. The Altyn fault zone, the 
abyssal shear fault zone in the Centeral Asia, ends off in 
the western Kunlun orogen (Yin, 2001). The southern 
boundary fault of Tarim block is a Kang Xiwa fault 
(KXF). Kara Kunlun block in the south of the KXF 
becomes a section of Yangzte-Qiangtang block in the 
Tibetan plateau (Xiao et al, 2001; Yin, 2001). Therefore, 
surveying the deep structures beneath the Western 
Kunlun belts is a key to understand the mechanism of 

the continent-continent collision and its far-away effects 
on the re-uplift of Tianshan orogenic belts in the 
Cenozoic era, which is the greatest orogen in the center 
of Asia (Molnar and Tapponnier, 1978; Yin et al, 1998). 

3 Bouguer gravity anomaly around 
Xinjiang 

The data around Xinjiang are derived from the 
Regional Gravity Anomaly Map of China (Scale 1:2 500 

000) compiled by the Research Institute of Geophysical 
and Geochemical Exploration and the Technique Center 
of Regional Gravity Survey under the former Ministry 
of Geology and Mineral Resources. And the data around 
the adjacent area of Xinjiang are from the Map of 
Bouguer Gravity Anomaly in China and Adjacent Area 
(Scale 1: 1 000 000), which is mapped by Liu et al 
(1991). After the map was zoomed in the scale of    
1:1 000 000, the Bouguer gravity anomaly map (Figure 2) 
was plotted according to a 10-km interval.  

The Bouguer gravity anomaly within Altyn 
mountainous area extends northeastern-striking and has 
gentle changes. In the Tianshan Mountains, the gravity 
anomalies of South Tianshan and North Tianshan 
become a gradient-belt distribution, and that in Center 
Tianshan is lower than those in the other two sections. 
Generally, the features of gravity anomalies in Tianshan 
clearly differ from those in the two side basins, and 
Tianshan, in which the gravity anomalies are low and its 
contours are close, also differ from the features of the 
Altyn mountains and the western Kunlun mountains 
whose gravity anomalies distribute in gradient. 

The gravity anomaly in the Tarim basin, which is 
relatively broad, becomes a U-shape distribution 
because the Tarim basin is surrounded by the Tianshan 
mountains, western Kunlun mountains and Altyn 
mountains. The gravity anomaly of Bachu uplift in the 
southwest of Tarim has the largest value (over 
–100×10−5 m/s2.) in the whole Tarim basin. The Bouguer 
anomaly in the southwest of Bachu uplift is 
characterized by south-dipping slope, and Hotan 
depression is a relatively low value of gravity anomaly. 
In the north side of Bachu uplift, there is proximate 
east-westward concave gradient gravity between the 
Bachu uplift and the Keping uplift. In the East Tarim 
basin, the Bouguer anomaly changes gently. Its 
character shows that the crustal deformation in the East 
Tarim basin is not strong, mainly because of the 
influence of Altyn strike-slip fault on the Tarim basin. 

 

Figure 1 Location of Xinjiang geoscience transect and its 
tectonic division (Xiao, 2001; Yin, 2001). 1. Border fault of 
terrane; 2. Short point; 3. Deep seismic sounding station; 4. 
Deep seismic reflection profiles; 5. Broadband seismic 
observation station; 6. Xinjiang geoscience transect strip; 7. 
Location of profile from Quanshuigou to Aral in Figure 3B; 8. 
Thrust fault. FFNT: Fore-land fault of Northern Tianshan;  
NFCT: North Fault of Central Tianshan; SFCT: South Fault of 
Central Tianshan; FFST: Fore-land Fault of Southern Tianshan; 
FFW: Fore-land Fault of Western Kunlun; KDS: Kuda Suture  
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However, the crust in the southwestern Tarim basin that 
becomes upward dome is affected under the strong 
compression from the Tibetan plateau and the Tianshan 
orogen. The gravity anomaly of the Kunlun orogen and 
the Altyn orogen is a steep south-dipping gradient belt, 
whose gravity value decrease from −300×10−5 m/s2 to 
over –500×10−5 m/s2, suggesting that the Moho 
boundary in the south margin of the Tarim basin has 
increasingly changed in depth into that of the Tibetan 
plateau (Lyon-Caen and Molnar, 1984). 

As a whole, the contours of gravity anomaly vary 
with the characteristics of topography and physiognomy 
in this area. The contours in the north side of the map 
are characterized by a strip-shape north-westward 
extension, namely, the Altyn mountains. Those 
configurations of gravity anomaly within the Tarim 
basin become a U-shape. The gravity anomaly in the 
southwest side of Tarim basin, namely in the northwest 
margin of the Tibetan plateau, is characterized by steep 
southward dip and clear gradient belt.   

 

Figure 2 Map of filtered Bouguer gravity anomaly with contour interval of 25×10−5 m/s2 in Xinjiang and 
adjacent area. The black solid line denotes the profile from Quanshuigou to Aral.  

4 Density structure beneath the profile 
from Quanshuigou to Aral  

As known, Bouguer gravity anomaly is mainly 
decided by the Moho, the difference in density between 
the crust and the mantle and the heterogeneity of the 
upper crust. Fortunately, in this study we have collected 
some limits from deep seismic soundings, deep seismic 
reflection and surface tectonics settings. To build an 
initial model of density structure beneath the whole 
transect, more geophysical and geological evidences 
need to be collected in this region as shown in Figure 1. 
In this study, the deep reflection profile provided a fine 
crustal structure beneath the western Kunlun (Gao et al, 
2000). There is a group of north-dipping reflection 
phases, with a dip angle of about 35°, which can be 

continually traced beneath the western Kunlun 
mountains between 8−18 s (two travel time), but the 
reflection phase beneath the Tarim basin is 
south-dipping and the dip angle is about 27°. Between 
18−19 s, a nearly horizontal reflection phase exists; 
between 19−30 s, the phase under the western Kunlun 
mountains is north-dipping with a high dip angle, yet it 
becomes south-dipping with a low dip angle, which is 
very similar to the receiver function image afterward 
(Kao et al, 2001). The location of DSS profile is shown 
in Figure 1. It is clear to identify the Pg phase from the 
crystalline basement, some phase from inner of crust 
and Pm phase from Moho. After phase inversion and 
forward fitting of ray tracing, the structure model of 
velocity (Lu et al, 2000; Li et al, 2002) could tell us 
some discontinuities within the crust and the upper 
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mantle beneath the profile, such as the basement and the 
Moho, but certain geological structure information is not 
included, such as the dip and the depth of a fault within 
the crust beneath the profile. 

The locations of some faults were limited by some 
surface geological traces. The depth that those faults 
extend downwards is decided step by step during the 
inversing and fitting processes. Moreover, some initial 
density values of each geological block within the 
model are decided by the modified empirical 
Nafe-Drake formula for the relationship between the 
density and the P-wave velocity, and the coefficients of 
Nafe-Drake formula were modified on the basis of some 
specific problems in China (Fen, 1986). To reduce the 
marginal effect of the model’s sides in the 
forward-fitting process, the south end of the profile was 
extended southwards for about 100 km in length. In 
addition, the bottom depth of the model’s space is given 
100 km thick, and the velocity in the upper mantle is 
considered to be uniform, although many seismological 
evidences for the Tarim basin showed that the Tarim 
lithosphere had some heterogeneity (Xu et al, 1994, 
2001; Liu et al, 2000; Huang et al, 2003; Kumar et al, 
2005; Huang and Zhao, 2006). The gravity anomaly 
from the lithospheric mantle was too little to be noticed, 
which is not like that of the lithospheric mantle beneath 
the inner of the Tibetan plateau. In addition, the gravity 
data used in this study have low resolutions themselves.  

Then, the gravity effect of each geological block 
can be calculated by the forward formula within the 
uniform media for the two-dimensional polygon model, 
and can be accumulated to obtain the forward-fitting 
gravity anomaly of the central profile. On the basis of 
the difference between the forward gravity anomaly and 
the filtered value, we modify the density value of each 
block in the model step by step, until the differences are 
minimum (Figure 3a) and the curve shape obtained is 
greatly accordant with the curve of the filtered Bouguer 
gravity anomaly. Finally, the density structure beneath 
the corridor has been obtained as shown in Figure 3b.  

There is a clear feature within the Tarim block that 
the density in the uplift part (Marzhatager) near the 
center of the Tarim block is higher and thinner than that 
in its south-side depression, the Hotan depression with 
up to tens kilometers thick sediment that is similar to the 
result of petroleum profile (Jia, 1997). The density of 
the cover varies from 2.00 g/cm3 on the surface to   
2.60 g/cm3 at the tope of the basement. The upper crust 
(10−15 km deep) has a great density range between  

2.78 g/cm3 and 2.84 g/cm3. The density of the lower 
crust (about 35−45 km deep) of the Tarim basin varies 
between 2.95 g/cm3 and 3.15 g/cm3 and it’s middle crust 
(25−35 km deep) have two layers. The top layer (25−35 

km deep) is 2.84−2.88 g/cm3 and the bottom is 
2.89−2.96 g/cm3. 

Compared with the Tarim basin, the Kunlun belts 
are the most complicated geological tectonic zones, 
which locate in the northwestern margin of the Tibetan 
plateau (Figure 1). However, its structure of density is 
very simple in the vertical and has a very good feature 
of layer. The lower crust is 48−71 km deep with a 
density of 2.98 g/cm3; the middle crust (25−48 km deep) 
has a density range between 2.91 g/cm3 and 2.925 g/cm3; 
the upper crust (0−18 km deep) can be divided into two 
layers and the density is less than 2.79 g/cm3. The high 
conductor layer (Qin et al, 1994; Lu et al, 1995),   
16−25 km deep, has a variable density range of 
2.66−2.69 g/cm3 as shown in Figure 3b. The V-shape, 
contra-positive triangular crustal block, which lies in the 
link zone between the Tarim basin and the Kunlun 
mountains, has two layers: the top layer (23−36 km deep) 
is 2.85 g/cm3 and the bottom layer (36−45 km deep) is 
2.88 g/cm3. The result was similar to that of Layon-Caen 
and Molnar (1984). The fitting results have proved the 
occurrence of a deep collision between the Tarim block 
and the northward subducted India Plate on the 
lithosphere scale (He et al, 2006). 

5 Structure beneath the west Kunlun 
mountains 

Deep seismic reflection is an advantageous tool to 
directly obtain fine deep structures to understand 
continent-continent collision. The seismic reflection 
profile in the front of the western Kunlun mountains 
(Figure 3c) showed that the north-dipping reflection 
phase beneath the western Kunlun mountains cut off the 
south-dipping phase under the Tarim basin in the depth 
range between TWT 19 s and 30 s. Because such a 
structure is similar to a V-shape, the V-shape 
basin-and-range coupling relationship between the 
Tarim basin and the western Kunlun mountains (Gao et 
al, 2000) does exist. Compared with the reflection image 
in the southern Tibet obtained by INDEPTH-I (Zhao et 
al, 1993), the reflection phase in the western Kunlun 
mountains has a clear feature of high dip angle. These 
differences suggest that there are great differences in the 
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geodynamic process of continent-continent collision 
around the Tibetan plateau. In the south side of the 
Tibetan plateau, it is easy to determine some reflection 
structures, such as the main Himalayan thrust (MHT) 
and the southern Tibetan detachments system (STDS), 
attributing to the northward-subducted Indian plate 

beneath the Tibetan plateau, because some clear surface 
geological faults can be easily traced from the surface 
downward to the deep. However, in the western Kunlun 
collision zone, the continuous intensive deformation 
happened together with the uplift of the Tibetan plateau 
in the Late Cenozoic (Yin, 2001).  

 

Figure 3 Geophysical structures beneath the profile from Quanshuigou to Aral. (a) Curves of comparison between 
the forward-fitting gravity anomaly and the observed anomaly; (b) Density structures (Density unit: g/cm3) whose 
locations are shown in Figures 1 and 2; (c) Seismic reflection image (after Gao et al, 2000); (d) Velocity anomaly 
image from receiver function (the upper part; after Kao et al, 2000) and teleseismic P-wave tomographic image (the 
lower part; after He et al, 2006). 

Although fine reflection structures had shown 
important evidences, the multi-seismological structure 
could strictly provide the limitation of subsurface 
structures, which is helpful to understand the 
complicated geodynamic process in this area. The 
broadband seismological observation is surely a good 
way to make it up. 

Twelve three-component broadband stations with 
STS-2 sensors were arranged in the front of the western 
Kunlun mountains in Figure 1. Kao et al (2001) used the 
data set to calculate receiver functions to learn about the 

deformation within the whole lithosphere. He et al (2006) 
used the same data set to do teleseismic P-wave 
arrival-times tomography to obtain the velocity structure 
to trace the contact relation on the lithosphere scale.  
The upper part in Figure 3d from the receiver function 
image  (Kao et al, 2001)  suggests that: (1) there is a 
group of seismic phases like the topography uneven at 
the 15 km depth under the southern margin of the Tarim 
basin, which could be looked as crystalline basement 
because the feature also exists in the deep reflection 
image (Figure 3c); (2) A group of strong reflection 
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phases, south-dipping, at the depth of 45 km beneath the 
southern margin of the Tarim basin, denotes the Moho 
under the Tarim basin, and the strong phases terminate 
at the north-dipping reflection phase beneath western 
Kunlun mountains, which is the same as the result by 
deep seismic soundings (Li et al, 2002) and reflection 
image (Gao et al, 2000); (3) There is a strong 
north-dipping phase at about 45-km depth under the 
Kunlun mountains, which inserts into 140 km deep 
under the Tarim basin. The lower part in Figure 3d is a 
tomographic image (He et al, 2006), which shows that 
there are high velocity anomalous body and low velocity 
anomaly at the depth of 100 km to 250 km along 80°E 
within the lithosphere mantle. The high velocity 
anomalous body just locates under the western Kunlun 
mountains, and what lies beneath the Tarim block is the 
low velocity anomaly.  

Obviously, such clear structures from the surface to 
the lithosphere mantle are constructed together by 
receiver function (Kao et al, 2001) and teleseismic 
tomography (He et al, 2006), which are validated by the 
gravity fitting model as shown in Figure 3b and they are 
also in accord with the deep seismic reflection image 
(Figure 3c; Gao et al, 2000).  

6 Discussion and conclusions 
In the broadband seismological images (Figure 3d), 

the low velocity anomaly in the north side obviously 
represents the lithospheric mantle of the Tarim block, as 
one part of the Eurasia plate, namely the low velocity 
anomaly is the south end of the Eurasian plate. However, 
as the western Kunlun mountain is no more than 500 km 
away from the Indian plate and the distance here is the 
shortest in the Tibetan plateau, and as it is also the 
eastern flank of the west syntax of the Tibetan plateau, 
whether the high velocity anomaly does denote the 
frontier of the northward-subducted Indian plate or not 
still remains in dispute (Pan, 1990; Matte et al, 1996; 
Maheo et al, 2002; Cowgill et al, 2003). Recently, many 
geophysical evidences have been shown to interpret it as 
the frontier of the northward-subducted Indian plate. 

Chen and Yang (2004) collected earthquake events, 
whose foci depth is no less than 90 km and mb is no less 
than 4.6, happened within the area during 1963 and 
1999 to study the foci. The result suggested that the foci 
depth became deeper and deeper from 32°N to 38°N. In 
the comparison of these foci with those in the southern 
Tibetan plateau, the great contrast revealed that the foci 

beneath the western Kunlun mountains should be 
attributed to the strong lithospheric mantle of the 
northward-subducted Indian plate beneath the Tibetan 
plate collided with the lithospheric mantle of the 
Eurasian plate beneath the western Kunlun mountains 
(Chen and Yang, 2004). Moreover, our tomographic 
image (Figure 3d), together with the large-scale 
tomographic images (Xu et al, 2001; Zhou and Murphy, 
2005; Huang and Zhao, 2006) have provided a direct 
evidence for the speculation (Chen and Yang, 2004) and 
the northward-subducted Indian plate has not broken off 
since the 25 Ma (Maheo et al, 2002). Although the 
western Kunlun collision zone included different 
terranes formed in different eras as shown in Figure 1 
(Pan, 1990; Bi et al, 1999; Xiao et al, 2001), the 
continent-continent collision with the Eurasian plate on 
the lithosphere scale happened at present is the 
lithospheric mantle of the northward-subducted Indian 
plate, not the northward-subducted Qiangtang terrane 
(Cowgill et al, 2003). Moreover, the sounding results 
from integrated seismic techniques (Figures 3c and 3d) 
suggest that there is a V-shape basin-and-ranges 
coupling relationship between the Tarim basin and the 
western Kunlun Mountains on the crust scale, which is 
not agreeable to that the Tarim block subducted 
southward beneath the western Kunlun mountains under 
the Tibetan plateau in a long distance (Lyon-Caen and 
Molnar, 1984; Matte et al, 1996).   

In the present day under the western Kunlun 
mountains, as the northwestern margin of the whole 
Tibetan plateau,  the V-shape convergence within the 
crust implicated by the deep seismic reflection image 
(Gao et al, 2000) as shown in Figures 3b and 3d, and the 
nearly horizontal south-to-north bidirectional collision 
between the Indian and the Eurasian plates on the 
lithosphere scale (Xu et al, 1994, 2001; Zhou and 
Murphy, 2005; He et al, 2006; Huang and Zhao, 2006) is 
a new structure style in the continental geodynamics, 
namely the face-to-face continent-continent collision, 
which is obviously different from the structure style in 
the southern margin of the Tibetan plateau (Zhao et al, 
1993). Pysklywec (2001) used the numerical models of 
the crust-mantle system to consider the case of a 
simplified continent-continent plate collision, and 
furthermore gave a modeling image of continent 
-continent collision, which is very similar to the V-shape 
structure beneath the western Kunlun mountains. And 
on the basis of the modeling result, the style of 
post-collision subduction is largely controlled by the 
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strength of the mantle lithosphere (Pysklywec, 2001). 
The above-mentioned investigations of deformation 
styles beneath the western Kunlun belts have led to a 
real geodynamic model indicating a certain feature of 
deformation during continental collision. 

The conclusions in this paper are as follows: 
(1) The density structure by fitting gravity anomaly 

with deep seismic sounding profile has better limit 
structures in the southern parts of the geoscience 
transect and has shown further tectonic information, 
such as the depth and dip of some important faults in the 
area. 

(2) The integrated geophysical evidences from 
deep seismic reflection, teleseismic tomography, 
receiver function and density gravity have all together 
provided strict limitation of crustal and lithospheric 
structures beneath the western Kunlun mountains to 
better understand the complicated tectonic units.  

(3) On the basis of the integrated geophysical 
evidences, a new structure style of continent-continent 
collision between the Indian and the Eurasian plates is 
proposed that the face-to-face continent-continent 
collision have two parts: one is the V-shape convergence 
within the crust, and the other is the nearly horizontal 
south-to-north bidirectional collision on the lithosphere 
scale, which have been proved by the numerical models 
(Pysklywec, 2001). 
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