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Abstract We determine the 3D shear velocity structure of the crust and 

upper mantle in China using Green’s functions obtained from seismic 

ambient noise cross-correlation. The data we used are from the China 

National Seismic Network, global and regional network and PASSCAL 

stations in the region. We first acquire cross-correlation seismogram 

between all possible station pairs. We then extract the Rayleigh wave 

group and phase dispersion curves using frequency-time analysis method 

from 8 to 60s.  After that, Rayleigh wave group and phase velocity 

dispersion maps at 1 by 1 degree grids are obtained at different period. 

And finally, 3D shear velocity structure of the crust and upper mantle in 

China is inverted from the dispersion curves at each grid. The inversion 

results show many large-scale structures that correlate with surface 

geology. Near the surface, velocities in major basins are anomalously 



slow, consistent with the thick sediments. East-west contrasts are striking 

in Moho depth and lithosphere thickness. Also, There exists a fast mid-

lower crust and mantle lithosphere in major basins surrounding the Tibet 

Plateau (TP) and Tienshan (Junggar, Tarim, Ordos, and Sichuan). These 

strong blocks thus seem to play an important role in confining the 

deformation of the TP to be a triangular shape. In northwest TP in 

Qiangtang, slow anomalies extend from crust to great depth in mantle 

lithosphere. Meanwhile, widespread, prominent low-velocity zone is 

observed in mid-crust in most of the central, eastern and southeastern 

Tibet Plateau, consistent with a weak (and perhaps mobile) mid-crust.  

 

1 Introduction 

 

Located in the southeast part of Eurasia, China and its surrounding areas 

are geologically diverse and tectonically active. It is basically several old 

ancient platforms (e.g., Sino-Korea , Yangtz craton), deep sedimentary 

basins (e.g., Ordos and Tarim basin), and high plateau (Tibet) separated 

by active structures such as faults and series of mountains and fold belts 

(Fig.1). Two major events are mostly responsible for the complex 

features in this region: 1) Collision between India and Eurasia Plate about 

50 Ma ago (Molnar and Tapponnier, 1975; Yin and Harrison, 2000, and 

2) Subduction of Pacific Plate underneath Eurasia since about 250 Ma. As 

a result, the collision and post collision of India-Eurasia has led to the 

shortening and elevation of Tibet plateau; and the subduction of Pacific 

and Philippine plate led to the formation of island arcs, continental rift 

zones. Between these convergent boundaries, extensions are common 

features such as the extension in Sino-China block (Nabelek et al., 1987; 

Ying et al., 2006), and in Tibet Plateau (Armijo et al., 1986; Blisniuk et 

al., 2001; Turner et al., 1996; Williams et al., 2001; Zhang et al., 2004). 



To understand the mechanism, history and the relationships between 

these unique tectonic features, the detailed structure of the crust and 

upper mantle   in China and its surrounding areas is highly needed. 

 

Seismic tomography is very useful and powerful tool to investigate the 

structure of China. Quite a few body wave and surface wave tomography 

studies have been conducted in China and surrounding areas (Friederich, 

2003; Huang et al., 2003; Li et al., 2006; Liang et al., 2004; Ritzwoller et 

al., 1998; Shapiro et al., 2004; Sun and Toksoz, 2006; Wu et al., 1997) .  

But these earthquake-generated data have their own limitations: 

commonly, because of the uneven distribution of earthquakes and 

available stations, the coverage of these data is generally sparse and non-

uniform. Body waves especially have sparse coverage in the crust and 

upper mantle of the Earth from far field earthquakes, while surface waves 

at short periods are difficult to get due to attenuation and scattering effect, 

not to mention they have long wavelength and lower lateral resolution. 

Although there are general agreements for the large-scale structure, 

discrepancy remains for the smaller structure, which may be key factor to 

unravel the paths of tectonic revolutions. In recent years, a lot of efforts 

have been carried on to study the detailed structure using local and 

temporary seismic arrays. Unfortunately, they are mainly focus on some 

local area, especially in Tibet region (Hauck et al., 1998; Liang and Song, 

2006; Nelson et al., 1996; Sandvol et al., 1997; Tilmann and Ni, 2003; 

Tseng et al., 2009; Zhao et al., 2001). We still need a detailed structure at 

continental scale in order to fully understand the dynamics and tectonic 

evolutions in the whole China region. 

 

Recent studies have shown that surface wave can be easily retrieved from 

seismic coda waves(Campillo and Paul, 2003; Paul et al., 2005) or 



seismic ambient noise (Sabra et al., 2005a; Sabra et al., 2005c; Shapiro 

and Campillo, 2004). This method overcomes shortcomings of 

earthquake-generated signals. First, The path density only depends on the 

distribution of stations. More dense and uniform coverage can be 

obtained between station pairs. This is especially helpful in aseismic 

regions; Secondly, uncertainties of earthquake locations, origin times and 

phases can be avoided, since no earthquake information is needed; Third, 

good short period surface waves can be extracted, while this is not true 

for conventional signals due to high attenuation and long earthquake-

station paths. Thus, the surface waves from ambient noise are generally 

better in constraining the shallower structure, especially in the crust. This 

new type of data has been quickly applied to different regions such as in 

continental scale and regional scale (Bensen et al., 2007; Bensen et al., 

2008; Li et al., 2009; Lin et al., 2008; Moschetti et al., 2007; Sabra et al., 

2005b; Shapiro et al., 2005; Yang et al., 2007; Yao et al., 2008; Zheng et 

al., 2008), and has demonstrated promising results in terms of crust and 

upper mantle structure in detail. 

 

In this study, we use the data from new Chinese National Seismic 

Network (CNSN) across China, permanent and regional stations from 

surrounding areas and PASSCAL experiments in this region (Fig. 1). The 

CNSN is deployed since year 2000, and is the backbone network in the 

whole China region. The addition of CNSN stations and PASSCAL 

stations has greatly improved the data coverage. Meanwhile, it makes the 

ray path coverage more uniform, especially in east part of China. We use 

vertical component of seismogram only and focus on Rayleigh wave 

group and phase dispersion curves. Part of the data has been used in 

Zheng et al. (Zheng et al., 2008). We obtain the surface wave dispersion 

curves between station pairs from the stacked ambient noise cross-



correlation, and then use tomography method to get the dispersion maps. 

Finally we invert the 1D shear velocity structure underneath about 2400 

grid locations, and then combine them to construct a 3D shear velocity 

map in the crust and upper mantle of China. Our results generally show 

correlations between structures and surface geology. Some remarkable 

features such as the mid/lower crust low velocity zone beneath most of 

Tibet may also shed some light in understanding the tectonic dynamics 

there. 

 

2 Data and Method 

 

The data we used are 18 months vertical-component continuous 

seismograms from 48 China National Seismic Network (CNSN) stations, 

32 global and regional networks stations in the surrounding area (the IRIS 

global seismic network, TW, KZ and KN networks), and 96 PASSCAL 

stations deployed in Tibet and Sichuan basin during the same period 

(Namche Barwa and 2003MIT-China) (Fig.1). All these data are 

broadband. Part of our data, such as data from the CNSN stations, is the 

same as in Zheng et al. (Zheng et al., 2008). When the stations of regional 

and PASSCAL network are added, the general ray coverage is very well 

improved (a typical ray density can be seen in Fig. 2). 

 

The general process for our inversion is, first, we obtain empirical 

Green's function (EGF) for Rayleigh waves between all the station pairs. 

The process we used here is described in detail in Bensen et al. (Bensen 

et al., 2007). Basically, what we do is, we remove the instrument 

response and do clock synchronization, time-domain filtering (5-150 s 

period), and spectral whitening. We then do cross correlation on each 

day's seismogram between all possible stations, and stack all the 



correlation to finally get the EGF. We carefully choose the good data by 

examine the signal to noise ratio (we use SNR >10) for the EGFs and 

with distance at least 3 times of wavelength for that period.  After this 

selection, only about 30-50% of the data remain. Secondly, we use a 

frequency-time analysis (FTAN) (Levshin and Ritzwoller, 2001) to get 

the Rayleigh wave group and phase velocity dispersion curves between 

station pairs from the selected EFGs. Third, The group and phase velocity 

tomography maps in this region is then constructed (Barmin et al., 2001) 

at 1 by 1 degree (Fig. 4). After that, a pure path dispersion curves at each 

grid node are obtained from the tomography maps at different periods. 

Finally, 1-D shear velocity structure of the crust and upper mantle under 

each grid node (Hermann, 2004) are inverted to construct a 3-D shear 

velocity map. 

 

The dispersion curves we use are from 8 s to 60 s. The total ray path for 

each period is generally several thousand, with the best one of more than 

7500 at 20s and the worst one of around 3300 at 60 s (Fig. 2). Fig. 2 also 

shows a ray density map at 20 s for the tomography. We can see that the 

best coverage is centered in east Tibet and Sichuan basin. This is 

understandable, because the two PASSCAL experiment there can 

generate the most abundant station pairs in that region. In the surrounding 

area, the ray coverage deteriorates gradually, but most of the density in 

each cell in the region is at least 100, which guarantee a reliable 

tomography result. 

 

We assume that the group and phase velocities are isotropic at different 

period, and following Barmin et al (Barmin et al., 2001), we minimize the 

following equation to get the best model that fits the data.  
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This equation is a combination of data misfit (first term), spatial 

smoothing (second term) and perturbations relative to reference model 

based on path density (third term). 

 

The spatial smoothing is defined as  
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In above equations, βσα ,,  are damping for smoothing, the smoothing 

width, and damping for perturbation, respectively. The choice of these 

numbers is kind of arbitrary, and usually needs tests based on different 

data. 

 

To ensure that the result is not affected by strange outliers, two step 

tomography are used. In the first tomography, we use a set of relatively 

large regularization factors to make a smoother map. Then based on the 

smooth mode, we calculated the predicted travel times for all data. The 

residuals fall out of 2 standard deviations of all residuals are discarded. 

Then using the new selected data, the second tomography is performed. 

This time, we tried different smoothing and damping factors (usually 

smaller than those of the first step). The resulted images are then 

compared. We use the good correlations of the image with the major 

surface features at short period as reference to choose the preferred ones. 

At the same time, if the tomography images also show reasonably 

detailed structure in the region, we choose it as our final model. Too 



smoother and too dramatically changed images are discarded. This 

ensures reliability of our next inversion for shear velocity structure. 

 

From the Rayleigh wave group and phase velocity maps obtained by 

above tomography, we extract the dispersion curves of group and phase 

velocity under each grid.  

 

Using a program developed by Hermann and Ammon (Hermann,2004), 

we then invert the 1D shear velocity structure under each grid node. The 

velocities in between the nodes are interpolated using linear method. In 

this way a 3D shear velocity structure are constructed. The starting model 

for shear wave inversion is adopted from AK135 model with 25 layers 

overlying on a half space. The thickness of the layer is 5 km for the first 

50 km, 10 km for the next 100 km, and then 25 km for the next 5 layers. 

In each layer, constant velocity and density are assumed. Since Rayleigh 

wave dispersion curves are mostly sensitive to shear velocity, only shear 

velocities are inverted in the inversion program, and the P wave and 

density of the layer are calculated from shear velocity using imperial 

functions. 

 

The main consideration of the layer thickness division is based on the 

characteristics of our dispersion velocities and the resolution power of the 

surface waves. At shorter period (<30 s), the ray coverage is pretty good 

at nearly all our inversion regions, thus we are more confident about the 

Rayleigh wave velocity we get; Meanwhile, the sensitivity thickness of 

the surface wave is thinner, since the wavelength is shorter (See Fig. 7). 

When the period gets longer, the sparser ray coverage gives a more 

smoother velocity distribution in our inversion, and the thickness 

sensitivity of the wavelength are becoming broader, thus we have a 



thicker layer at depth. We tested the surface wave inversion program with 

different type of models with different thickness. It turns out that with our 

data distribution, a 5 km layer can all be well resolved at shallow depth. If 

the layer is thinner, weather we can recover it or not depends on the type 

of velocity model. 

 

To test the resolution of our inversion, we performed a checker board test. 

Like our starting model in the inversion, the test model we have is also 

adopted from ak135 model. It has the same layer distribution as in our 

starting model, but with ± 5% velocity variations at alternative grid 

nodes. From the “real” models under each grid node, first we synthesize 

the pure path dispersion curves from 8 to 60~ s for Rayleigh wave group 

and phase velocities. Velocity maps at different period are then 

constructed. At each period, we then use the exact ray path (station pairs) 

as in our real data to generate the travel times and average velocity for all 

the paths. In this process, 1~s random noise are added to the travel times 

of all the ray paths. Using the average group and phase velocity for paths 

at different periods as the synthetic data, we performed the same 

inversion as described previously, that is, get tomography maps for group 

and phase velocity at each period, then generate pure path dispersion 

curves under each grid, and finally invert for shear velocity structure 

under each grid to generate a 3-D map of shear velocity. The inverted 

results can serve as a reference for resolution power. 

 

Fig. 3 is the resulted resolution at different depth for a 4 by 4 degree 

pattern. Although the amplitude of the velocity variation is 

underestimated (generally about 3%), it is clearly seen that nearly at all 

the depth (from 2.5 km to 85 km), the velocity pattern can be retrieved 

pretty good, especially for the shallow and mid/lower crust depth. Our 



resolution is the best in east and south Tibet region and Sichuan basin. As 

we pointed out before, this is because the ray coverage in this region is 

the densest. The east China part also has a pretty good resolution. Only 

that the resolution in the west and northwest part of Tibet region is not as 

good--the boundary of different velocities is more blurry, but it is still 

retrievable. Overall, from the resolution test, we believe our results are 

reliable for at last a 4 by 4 degree structure--and it is true that the 

structures we discussed below are all bigger than this size. 

 

3 Results 

 

In this session, we first present dispersion maps of Rayleigh wave group 

and phase velocities. The group velocity maps are updates to the earlier 

versions presented by Zheng et al. (Zheng et al., 2008). We then present 

results of 3D shear wave velocity structure inverted from the dispersion 

maps and discuss the major features of the 3D structure. 

 

3.1 Dispersion maps of Rayleigh group and phase velocities 

 

The ray coverage of our dispersion measurements is sufficient for us to 

invert for Rayleigh wave group and phase velocity maps at periods from 

8 s to 60 s. Fig. 4 shows tomography maps for Rayleigh group and phase 

velocity at 10 30, and 60 s, respectively. Because the surface velocities 

are sensitive to structures at different depth (with the most sensitive depth 

at about 1/3 of its wavelength), the tomography maps at different periods 

indicate the general features of 3D structure at depth. In general, our 

group and phase velocity maps are quite similar in major features, but 

they also show obvious differences in small scales, reflecting different 



sensitivities of group and phase velocities to velocity changes with depth 

(Fig. 7). 

 

Our tomography results show remarkable features that correlate with 

large-scale geological structures of China. These features confirm earlier 

observations from group velocity dispersions with less data (Zheng et al., 

2008). Major basins in China are clearly manifested by low velocities at 

short periods (10 s map) including Bohai-Wan Basin (North China 

Basin), western part of Ordos Basin, Sichuan Basin, Qaidam Basin, 

Jungar Basin, and Tarim Basin (Fig. 4), which is consistent with thick 

sediment layers under these basins. At the same time, the stable Yangtze 

craton and South China Block show clear high velocities, indicating a 

cool and strong upper crust. When the period increases to 30 s, the 

dichotomy of low and high velocity in the map corresponds well with the 

thicker crust in the west and the thinner crust in the east. The boundary 

between fast and slow velocities (around longitude 108oE) shows NNE-

SSW trend, coinciding with the sharp topographic change and the well-

known Gravity Lineation. At 60 s, the Rayleigh velocities are influenced 

more by mantle lithosphere structure. The most striking feature here is a 

“wall” of high velocities in the north, northeast and east of the TP 

underneath the major basins (Tarim, Ordos, and Sichuan). We will 

discuss this feature further below. 

 

3.2 Shear velocity structure 

 

We plot the shear wave velocity maps at different depth (Fig. 5, note the 

regions outside the contour are not well resolved). The 3D model shows 

the major features that we have observed from the dispersion maps as 

well as new insights that are not so obvious from the dispersion maps.   



Our inversion reveals significant features that correlate with surface 

geology. Perhaps the overall most striking feature of the shear velocity is 

a mosaic of very fast and very slow anomalies across the region, which 

provides a mirror image of the heterogeneous geology of China as we 

briefly summarized in the introduction. 

 

At the shallower depth (7.5 km), low velocities are coincident with all the 

major basins in the region, reflecting that thick sediment layers in the 

basin area are well retrieved. High velocities generally appear in east 

China, where the stable cratons and mountains, fold belt systems are 

present (such as South China fold belt and Yangtze blocks). There are 

also obvious low velocity zones at eastern marginal seas and the south 

corner of the eastern Himalaya syntaxis. But when it goes to lower crust 

and upper mantle depth (47.5 and 75 km), the south Tibet tip becomes 

faster/colder. 

 

At greater depths around 30 to 50 km, one striking feature is the slow and 

fast velocity dichotomy in west and east China, divided approximately by 

108 degree longitude in NE direction along the east Tibet margin. The 

contrast is well correlated with the topography increase from east to west, 

as is shown in the background. This is a vivid demonstration of the 

thickened crust in the TP and the Tien Shan from the India-Eurasia 

collision: As a result, at these depths, the east part of China is already in 

the mantle while the TP and the Tien Shan are still in the crust. 

 

Although most of the Tibet Plateau shows obviously low velocity, the 

major basins surrounding Tibet and Tienshan, including Tarim, Junggar, 

Sichuan and Ordos, exhibit relatively high velocity. As it goes to the 



uppermost mantle (around 75 km), the higher velocity “wall” in these 

basins surrounding Tibet Plateau is even clearer.  

 

Another prominent feature at mid-lower crust depth range is the low 

velocity regions in most of the central, eastern and southeastern part of 

Tibet.  Fig. 6 shows cross sections of shear velocity along certain profiles. 

The upper row in this figure shows cross sections as plotted in figure 1. 

AA' is profile cross Tarim basin, Tibet Plateau and Sichuan basin, and 

BB' and CC' across the Tibet and the surrounding regions. The middle 

and bottom rows show cross sections along different latitude (from left to 

right, 31,34, and 39o, respectively) and longitude (85, 95 and 101o from 

left to right). On top of each cross section, the topography is plotted. The 

AA' shows clearly the change of the velocities at shallow depth from 

basin to Tibet and to basin again, with low velocities beneath the Tarim 

and Sichuan basin, and the mid/lower crust low velocity regime under 

Tibet Plateau from about 22 to 50 km. The boundaries of Tibet Plateau 

coincides with the sharp change of the velocities--there's apparently high 

velocities surround the deep thick root of Tibet plateau.   

Along these different profiles, the low velocity zones underneath Tibet 

Plateau are all very clear and show different depth and geometry 

distribution: some of them are connected to the low velocities on the 

surface (CC'), and some of them are shown as an isolated part in the 

mid/lower crust (AA'). But, no matter how the distribution and geometry 

changes, all the mid/lower crust low velocity zones terminate near the 

boundary of Tibet Plateau. By examine the velocity profiles underneath 

the Tibet, we found that the velocity reduction can be as much as 19%. 

 

To demonstrate further distinct differences between different geological 

provinces, we compared vertical profiles of averaged velocities of a few 



selected regions (Fig. 8 and 9). The major regions we selected are shown 

in Fig. 8. They are Tarim basin, north Tibet Plateau (NTP), Tibet Plateau 

(TP), the east margin of Tibet Plateau (TP Margin, including Sichuan 

Basin and Ordos Basin), North China blocks (NC), and Southeast China 

craton (SE).  Since these areas represent different tectonic blocks such as 

basins, stable cratons, active regions that have undergone /is undergoing 

tectonic movements, they should show clearly different characteristics in 

the velocity structures  (as is seen in Fig. 9).   

 

Basically, the Tibet region (TP and NTP) has a very obvious low velocity 

layer at depth of ~20 to 40 km; The Tarim basin has a low velocity at 

shallow depth, consistent with thick sediments layer at the top, but then 

after 70 km, the velocity underneath Tarim basin has a higher value, 

indicating a strong and fast mantle lithosphere. Tibet margins (mostly 

Sichuan and Ordos basin) also have similar features as that of Tarim 

basin, but the low velocity at shallower depth and strong lithosphere root 

is not as fast as well.  North China basin has similar velocity at shallow 

depth as the Tibet margin area, but it does not show strong velocity at 

mantle lithosphere region. Instead, the velocity structure of north china 

and Southeast china at deep depth are similar, since they are all old 

ancient cratons. But at shallow depth, Southeast China has much higher 

velocity---this is true because this area is a fold/mountain belt area, such 

the velocity reflects the high velocity. 

 

4 Discussion 

 

To test our 3D velocity structure in different region of China, we also 

compare some inter-stations dispersion measurements with the 

predictions from our tomography results in these blocks. The station pairs 



are nearly totally located within the areas we selected, such that the 

comparison is more consistent.  

To test our 3D velocity structure in different region of China, we also 

compare  the observed and predicted (calculated from the averaged shear 

velocity structure in Fig. 9) surface wave dispersion curves for some 

station pairs in the selected areas (Fig. 8). The station pairs we choose are 

nearly all positions in certain area, such that the comparison is more 

consistent. It is clear that the measurements and predictions are generally 

consistent with each other, especially for phase velocities. The 

consistencies are especially well presented at stable craton or basin areas. 

Only that at north Tibet region and Tarim basins, the predictions 

sometimes may not totally reflect the value of group velocity. This 

reflects that our resolution in north and northwest Tibet region is not as 

well, as mentioned before. 

 

In our 3D shear velocity maps, one prominent features of our shear 

velocity model is the mid-lower crust low velocity layers at most of the 

Tibet region. To test the resolve ability of our data, we do another 

resolution test. This time our input model is 1-D velocity model 

everywhere as in AK135, except in the region from latitude 27-38 degree, 

longitude 80-102 degree, and from depth 25-45 km and 100-140 km. In 

these two regions we put a low velocity layer with velocity reduction of 

10%.   Our purpose is to test whether the low velocity layer in the mid-

lower crust can be resolved, and at the same time, we want to make sure 

that it can be distinguished/not contaminated from similar deeper 

structure. 

 

We plotted the cross sections of  input (left column) and recovered shear 

velocity model in Fig. 10. The recovered cross sections  are along certain 



latitude (30 and 35o, , right two on top row) and longitude (90 and 95o, 

right two on bottom row). The test shows that our data and method 

indeed can resolve such a low velocity layer, although the amplitude of 

the reduction in the upper mantle region is especially underestimated.  

It is also need to mention here that  the boundary of the low velocity layer 

at lower longitude side (on the top row) is not well resolved. It is not 

surprising because we just run out of resolution at the west Tibet margin, 

especially at the low latitude (see the tomography boundary in  Fig. 4). 

 

Looking at the cross sections of our shear velocity structure maps (Fig. 

6), it is easily to see that the distribution of low velocity layer in most of 

the Tibet region is not uniform. Instead, the depth and connectivity of this 

layer vary at different part of the Tibet region. For example, along CC' 

profile, the low velocity layer connect to the surface at one end, and 

similar can be observed along latitude 34 degree  (Fig. 6,middle panel), 

longitude 86 and 101 degree (Fig. 6, lower panel).  At the same time, low 

velocity layer along AA' is more flattened as an isolated layer. however, 

at other locations, such as along BB', latitude 30 degree and longitude 95 

degree, this layer is more like isolated blocks connected together. And the 

depth of the low velocity layer varies at different locations too.  

Nevertheless, no matter how complicated the low velocity layer is, they 

all seem to terminate at the boundary of Tibet Plateau, especially 

confined by the high velocity basins at the margin of Tibet (as is shown in 

Fig. 5). The mid/lower crust low-velocity zone provides support for the 

channel flow model that has been proposed for the outward growth and 

uplift of the TP (Clark and Royden, 2000) and for the extrusion of crustal 

materials to the surface (Beaumont et al., 2001), but the geometry of the 

low velocity layer indicates that the mechanism of Tibet evolution at 



different locations and time period may not be simple, and a more 

complex model is needed. 

 

5 Conclusion 

 

We collected 18 months continuous data from stations of global, regional 

and temporary networks from IRIS, especially from the new China 

National Seismic Network. Using ambient noise data of these stations, we 

extract the EGFs between stations pairs. Rayleigh wave group and phase 

velocity maps from 8~s to 60~s are then obtained. And finally, a 3D shear 

velocity structure in China region is inverted from these surface wave 

dispersion curves. Because of the CNSN and PASSCAL network 

stations, our data coverage are more dense and uniform. Our checker 

board resolution test shows that our best resolution in in central and east 

Tibet, Sichuan basin and east part of China, and only the structure in the 

northwest Tibet part is not as good. 

 

Our results show some prominent features at different depth: 1) Near the 

surface, anomalously slow velocities in major basins is consistent with 

thick sediments underneath. 2) A slow and fast velocity contrasts in west 

and east part of China correlated well with the Moho depths and 

lithosphere thickness difference in the two regions. 3) There exists a fast 

(strong) mid-lower crust and mantle lithosphere in major basins 

surrounding the Tibet Plateau and Tienshan. These strong blocks may 

play an important role in confining the deformation of the Tibet Plateau 

to be a triangular shape. 4) In northwest TP in Qiangtang, slow anomalies 

extend from crust to great depth in mantle lithosphere. 5) In the central 

and eastern and southeastern TP, there is also big area of slow anomalies. 

These slow anomalies may result from partial melting. 
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Figs 
 
Fig 1: (a) Maps of China and surrounding areas in this study. Gray lines 
mark the major tectonic boundaries (thick lines) and major basins (thin 
lines). The basins include Tarim (TRM), Junggar (JG), Qaidam (QD), 
Sichuan (SC), Ordos (OD), Bohai Wan (BHW) and Songliao (SL) basin.  
The blocks include Songpan-Ganzi, Qiangtan, Lhasa and Himalaya block 
in Tibet region and Sino-Korea Craton, Yangtze block and South China 
fold belt in East China. Plotted on the background is the topography in 
this region.  (b) Distribution of seismic stations used in this study, 
including CNSN stations (solid white triangles), global and regional 
stations in the surrounding areas (solid pink triangles) and temporary 
PASSCAL stations (open blue triangles).  AA’, BB’ and CC’ are cross 
section profiles shown in Fig. 6. 
 
Fig 2: (Top) Dispersion measurement numbers at different periods for 
Rayleigh group (solid) and phase (dashed) velocities. (bottom) Ray path 
density at 20s period. The ray density is the number of rays in 1 by 1 
degree cells. The coverage for shorter and longer periods deteriorates, but 
the spatial pattern remains similar. 
 
Fig. 3: Checker board resolution tests of our surface wave inversion. The 
input model (upper left corner) is a 4 by 4 degree checkers with 5% 
velocity perturbation with respect to AK135 model. Retrieved models at 
different depths (labeled on lower left corner) are also shown.  
 
Fig. 4: Rayleigh wave group (left column) and phase (right column) 
velocity maps at periods of 10, 30, and 60 s, respectively. Plotted on the 
background are topography and the major tectonic boundaries and basins 
as in Fig. 1. The dashed line is 800 km resolution contour for 20 s 
tomography map. Note that the 10 s maps delineate the major basins with 
slow velocities clearly; the 30 s maps shows two different regimes in the 
east and west, corresponding to the crust thickness difference in the east 
and west. In general, the group and phase velocity maps are  similar, 
especially at short periods. 
 
Fig 5: Shear wave velocity at 7.5 km, 22.5 km, 32.5 km, 47.5 km, 75 km 
and 95 km. Dashed line is the same as in Fig. 4. Results show some 
remarkable features for continental China and in particular Tibet Plateau, 
including slow sedimentary of all the major basins at shallower depth (7.5 
km), striking wide spread mid/lower crust low velocities in most of the 
Tibet region (32.5 km, 47.5 km), fast mid-lower crust and mantle 



lithosphere in major basins surrounding the Tibet Plateau (Tarim, Ordos, 
and Sichuan) (75 km). 
 
Fig 6: Vertical cross sections of shear velocity maps. White lines 
represent the crust thickness from Crust2.0 model 
(http://igppweb.ucsd.edu/~gabi/rem.html). Locations of  AA', BB' and CC'  in 
first row are shown in Fig. 1.  The center and bottom rows are along 
different latitude (from left to right, 30, 31 and 34o latitude) and longitude 
(from left to right, 85, 95, and 101o longitude), respectively. These cross 
section maps show clearly the mid-lower crust low velocity layers at 
different regions in Tibet Plateau, and these low velocity layers are 
diverse in geometry, depth distribution, and even the intensity of the 
velocity reduction, suggesting the mechanism of Tibet media flow is 
complicated. 
 
Fig. 7: Sensitivity kernels of fundamental Rayleigh group and phase 
velocities at 10~s, 30~s and 60~s. 
 
Fig 8: (Top) Maps of major blocks (white polygons) with station pairs 
mostly positioned in these blocks (black triangles). These blocks include 
Tarim, north Tibet Plateau (NTP), Tibet Plateau (TP), east Tibet Plateau 
margin (TP Margin), North China basin (NC)  and Southeast China (SE).  
(Bottom) Comparisons of Rayleigh wave group, phase velocity 
measurements (dashed lines) and predictions (solid lines) from averaged 
block models as shown in Fig. 9. The observed and predicted velocities 
generally agree very well in all the selected blocks, suggesting our 
inversion results represent the data characteristics. 
 
Fig 9: Averaged shear velocity models in major blocks in Fig. 8. The 
averaged velocity model shows clearly different characteristics of the 
crust and upper mantle underneath. 
 
Fig 10: Resolution test of low velocity region. The input is a uniform 
model with two low velocity layers underneath Tibet region (latitude 27 
to 38o, longitude 80 to 102o). One layer is in the mid-lower crust (25 to 45 
km depth) and one in upper mantle region (100 to 140 km depth), with 
velocity reduction of 10%. The top row are cross sections of  input (left) 
and retrieved models (right two) along latitude, and the bottom  row  are 
input (left) and retrieved models (right two) along longitude.  The 
horizontal axis in top and bottom  row is longitude and latitude, 
respectively. The recovered cross sections shown here are along latitude 
30 and 35o , longitude 90 and 95o , respectively.  
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