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Abstract  Based on the finite element numerical algorithm, the coseismic displacements of the Wenchuan MS8.0 earth-
quake are calculated with the rupture slip vectors derived by Ji and Hayes as well as Nishimura and Yaji. Except in a narrow 
strip around the rupture zone, the coseismic displacements are consistent with those from GPS observation and InSAR inter-
pretation. Numerical results show that rupture slip vectors and elastic properties have profound influences on the surface co-
seismic deformation. Results from models with different elastic parameters indicate that: 1 in homogeneous elastic medium, 
the surface displacements are weakly dependent on Poisson’s ratio and independent of the elastic modulus; 2 in horizontally 
homogeneous medium with a weak zone at its middle, the thickness of the weak zone plays a significant role on calculating 
the surface displacements; 3 in horizontally and vertically heterogeneous medium, the surface displacements depend on both 
Poisson’s ratio and elastic modulus. Calculations of coseismic deformation should take account of the spatial variation of the 
elastic properties. The misfit of the numerical results with that from the GPS observations in the narrow strip around the rup-
ture zone suggests that a much more complicated rupture model of the Wenchuan earthquake needs to be established in fu-
ture study. 
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1 Introduction  

The MS8.0 Wenchuan earthquake on 12 May 2008 
ruptured more than 300 km of the Longmenshan thrust 
belt on the eastern margin of the Tibetan plateau. Its 
epicenter determined by China Seismograph Network 
Center (CSNC) (2008) is located at (31.0°N, 103.4°E). 
Field surveys have shown that the surface displacement 
is as large as 7.6 m (corresponding to a horizontal dis-
placement of 6.1 m and a vertical displacement of 4.6 m) 
in Yingxiu town that is situated in southern part of the 
rupture; and in Beichuan city, the maximum surface 
displacement is 6.6 m (a horizontal displacement of 5.7 
m and a vertical displacement of 3.4 m). The earthquake 
fracture zone is characterized by thrust faulting with 
dextral strike-slip (Wu and Zhang, 2008). Pre- and 
post-seismic leveling data also indicate that the coseis-
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mic uplift of the hanging wall of the 
Yingxiu-Beichuan-Nanba thrust fault with respect to 
Pingwu town is as large as 4.7 m (Wang et al, 2009). 
Detailed analysis of the field surveying also suggested 
that the rupture process is very complex in different ar-
eas along the surface fracture zone (Deng et al, 2008; 
Ma et al, 2008). Surface displacements derived from 
GPS observations tell us the deformation caused by the 
earthquake in the surrounding areas (Figure 1). The Ti-
betan block and Sichuan basin reveal significant move-
ment in opposite direction, and in areas away from the 
rupture zone, the eastward movements of Tibetan pla-
teau are larger than the westward movements of the Si-
chuan basin (CMONOC Group, 2008). Due to no 
near-fault GPS site before the Wenchuan earthquake on 
the hanging wall of the Longmenshan rupture zone, the 
displacement near the rupture zone is under debate. The 
results from GPS measurements also show that the 
westward movements of Sichuan block are much larger 
than the eastward movements of the Tibetan block in a 
narrow strip around the rupture zone (Figure 1; 
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CMONOC Group, 2008). Moreover, it can be seen that, 
from the InSAR interpretation across the Yingxiu town, 
there is about 160 cm uplift in the epicenter, and about 
100 cm downward movement near Lixian and Wolong 
county (Ge et al, 2008; Qu et al, 2008). 

 

Figure 1 Topographic map showing the rupture zone (segment 
AB) of the Wenchuan MS8.0 earthquake and the studied area (the 
square frame specified by dashed lines) of our numerical model. 
Superimposed are GPS observations (gray lines with arrows) 
based on CMONOC Group (2008). The horizontal coordinate 
system Oxy is shown with y axis parallel to the rupture fault and 
the origin O is about 13.8 km away from the fault.  

Models of the rupture process of the Wenchuan 
earthquake based on body wave and surface wave inver-
sion suggested that the rupture initiated underneath 
Yingxiu town of Wenchuan county and stopped at 
Qingchuan county, northeast of the epicenter. The 
maximum dislocation occurred in vicinity of Wenchuan 
county and Beichuan county. The process is consisted of 
two main stages. The first is dominated by thrusting and 
the second by right-lateral strike-slipping, which is con-
sistent with the complex strike-slip and thrust motion 

that characterizes the region (Ji and Hayes, 2008; Ni-
shimuru and Yaji, 2008; Wang et al, 2008; Zhang et al, 
2009b). Figure 2 shows the rupture process derived by Ji 
and Hayes (2008) and Nishimuru and Yaji (2008), re-
spectively. Both models indicate that the rupture process 
is dominated by thrusting near Yingxiu town and 
right-lateral strike-slipping near Beichuan city (Figure 
2). The prominent differences between these two models 
are: 1 the largest movement of the rupture in the model 
of Ji and Hayes (2008) is much deeper than that in the 
model of Nishimuru and Yaji (2008); 2 the depth of the 
rupture zone in the former model is much shallower than 
that in the latter; 3 the second rupture in the latter 
model is much weaker than that in the former (Figure 2). 
These two models will be used in our numerical simula-
tion for convenience and simplicity. 

The coseismic surface displacements are closely re-
lated to the earthquake rupture process. There are a lot of 
studies on how to determine rupture process from co-
seismic deformation (Chen et al, 1975; Anzidei et al, 
2009; Shen et al, 2009; Wang, 2009; Xu et al, 2009; 
Zhang et al, 2009a). Because the earthquake rupture 
process can also be derived from body and surface wave 
inversion and it is much more precise, many works fo-
cused on the calculation of surface deformation from a 
given rupture process (Huang and Gu, 1982; Okada, 
1991; Shen et al, 2008; Zhang and Wei, 2009; Zhang et 
al, 2009b). For the Wenchuan earthquake, several groups 
calculated the coseismic deformation with the homoge-
neous and isotropic elastic half-space models (Shen et al, 
2008; Zhang et al, 2009b) or horizontal homogeneous 
models (Zhang and Wei, 2009). All these help to under-
stand the relationship between the coseismic deformation 
and the earthquake rupture process. 

 
Figure 2 Static slip distribution of the Wenchuan MS8.0 earthquake from Ji and Hayes (2008) (a) and Nishimuru and 
Yaji (2008) (b). The strike and dip show distance from our model origin along the strike and dip direction of the 
rupture fault plane. A and B correspond to the fault zone shown in Figure 1. The motion of the hanging wall relative to 
the footwall is indicated by arrows and the slip amplitudes are also shown in gray scale. 

However, as the two walls of the Longmenshan 
thrust fault, Tibetan block and Sichuan basin show large 

differences in elastic material properties as reported in 
seismological investigations (e.g., Wang et al, 2003; 
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Burchfiel et al, 2008; Chang et al, 2008; Zhang et al, 
2008b; Lou et al, 2009). Tibetan block belongs to the 
Tibetan plateau which is a highly active tectonic region, 
and the Sichuan basin is lying in the Yangtze block 
which is part of the South China craton. The lithosphere 
under the Sichuan basin is with higher than average P 
and S wave velocities because it is a relatively strong 
cratonic root (Burchfiel et al, 2008). With a joint analysis 
of teleseismic P-wave receiver functions and Bouguer 
gravity anomalies, Lou et al (2009) found that there is a 
lower velocity zone in the lower crust beneath the 
Songpan-Garze area, while the lower crust underneath 
Sichuan basin has a relatively high P-wave velocity and 
density. Surface-wave tomography and receive function 
analysis on regional arrays in eastern Tibet also sug-
gested that there is a low S-wave velocity zone in the 
middle and lower crust of Tibetan plateau (Wang et al, 
2003; Zhang et al, 2008b). Therefore, we should take 
account of the heterogeneities in the crust and mantle in 
the algorithms for calculating surface displacement with 
a given earthquake rupture process. 

This paper aims to set up a three-dimensional nu-
merical model, in which the heterogeneities in the crust 
and mantle are taken into consideration, to calculate the 
coseismic deformation caused by the Wenchuan earth-
quake. The coseismic surface displacements (CMONOC 
Group, 2008) and the earthquake rupture process (e.g., 
Ji and Hayes, 2008; Nishimuru and Yaji, 2008) are re-
lated directly through material properties such as elastic 
modulus and Poisson’s ratio (e.g., Huang and Gu, 1982; 
Okada, 1991). Therefore, it is the most important task in 
this paper to explore the effects of different fault slip 
vectors and choice of material elastic properties on co-
seismic deformation. In the following sections, we first 
explain the setup of our model, and then present the co-
seismic displacement caused by the Wenchuan earth-
quake as well as the discussions on the influence of slip 
vectors. Section 4 mainly focuses on the discussion on 
the influences of different choices of material properties. 
Conclusions are given in section 5. 

2 Model setup 
The static coseismic deformation in a finite volume 

Ω bounded by surface S is controlled by the following 
equations (Fu and Huang, 2001): 
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where σij is stress tensor, fi is body force vector, ui is 
displacement vector, nj is the normal of S, Ti0 and ui0 are 
traction and displacement on the surface S, respectively. 
The stress and displacement are related by 
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where εij is strain tensor, λ and μ are Lame parameters, 
δij is the Kronecker delta. The Lame parameters relate to 
the elastic modulus E and Poisson’s ratio ν, and the P- 
and S-velocity, vP, vS, as (Turcotte and Schubert, 2002) 
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where ρ is density. Equations (1) and (2) are solved with 
the finite element parallel supported three-dimensional 
code Pylith, which is available from http://www.geody-
namics.org/cig/software/packages/short/pylith. In the 
code, fault interfaces are used to create jumps in the dis-
placement field (or dislocations) in numerical models. 
Dislocations arise from slip across the fault surfaces.  

Our model is in Cartesian geometry, and its surface 
is an 800 km×800 km square and its thickness is 100 km. 
The origin is at the center of the surface area. The y axis 
is parallel to the strike of the Longmenshan fault with 
northeast (N49°E) being positive, the x axis is perpen-
dicular to the strike (S41°E) (Figure 1), and the z axis is 
positive downward (Here it should be noted that the ver-
tical displacement is positive upward). The origin of the 
coordinate system is about 13.8 km away from the 
Longmenshan fault. The numerical resolution is 20 km × 
20 km. The fault interface is imposed according to the 
parameters given by Ji and Hayes (2008) or Nishimuru 
and Yaji (2008). Because we have chosen the strike of 
the Longmenshan fault as the direction of y axis, the 
trace of the surface intercepted by the Longmenshan 
fault in our model is with x=−13.8 km. The dip of the 
fault interface is set to 33 degrees (Ji and Hayes, 2008; 
Nishimuru and Yaji, 2008). The rupture zone and slip 
vectors are prescribed based on that derived by Ji and 
Hayes (2008) or Nishimuru and Yaji (2008) according 
to the purpose of this study, which will be mentioned 
when used. The boundary conditions are traction-free on 
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the top and no-displacement on the bottom and all side 
walls. 

The studied area is divided into two blocks by the 
fault interface: the west Tibetan block and east Sichuan 
block. Seismological inversions suggested that the lower 
crust of the Tibetan plateau is weak and the west part of 
China has a thick crust (Wang et al, 2003; Burchfiel et 
al, 2008; Chang et al, 2008; Zhang et al, 2008b; Lou et 
al, 2009). Therefore, in our models, the crust is set to be 
60 km thick and the upper crust thickness is set to be 18 
km. The bottom 40 km is supposed to be mantle litho-
sphere. The elastic parameters of our model are carefully 
selected based on the seismological inversions (Wang et 
al, 2003; Burchfiel et al, 2008; Chang et al, 2008; Zhang 
et al, 2008b; Lou et al, 2009) and given in Table 1. 

Table 1 Parameters for calculating coseismic deformation 
Tibet  Sichuan Depth 

h/km ρ /kg⋅m−3 vS/km⋅s−1 vP/km⋅s−1  ρ /kg⋅m−3 vS/km⋅s−1 vP/km⋅s−1

0–18 2 740 3.5 6.0  2 650 3.2 5.5 
18–60 2 940 3.0 6.2  2 850 3.7 6.4 
60–100 3 250 4.5 7.8  3 150 4.5 7.8 

3 Numerical results 
3.1 Coseismic deformation of the Wenchuan MS8.0 
earthquake and effect of fault slip vectors 

The coseismic deformations of the Wenchuan 
MS8.0 earthquake are calculated with the rupture slip 
vectors derived by Ji and Hayes (2008). The surface 
horizontal and vertical displacements are shown in Fig-
ure 3 and Figure 4, respectively. The horizontal dis-
placements show that there is a significant opposite 
movement near the rupture zone after the Wenchuan 
earthquake. The amplitude of the movements decreases 
with the distance to the rupture zone increasing. The 
southern part of the rupture zone is characterized by a 
reverse thrusting and the northern part is dominated by 
right-lateral strike-slipping (Figure 3), which are gener-
ally consistent with the GPS observations (CMONOC 
Group, 2008). A very striking new phenomenon evident 
in our model is the rotational movement in the 
north-west part of our model (Figure 3). This is caused 
by the varied fault slip vectors and also is consistent 
with GPS and field observables (Burchfiel et al, 2008; 
CMONOC Group, 2008; Deng et al, 2008; Ma et al, 
2008; Wang et al, 2008; Wu and Zhang, 2008; Zhang et 
al, 2008a; Zhang et al, 2009b). 

As shown in Figure 4a, the vertical displacements 
are also consistent with that from GPS and InSAR 

 

Figure 3 Horizontal coseismic displacements of the nu-
merical model. Dark and light gray arrows represent results 
based on the rupture slip vectors from Ji and Hayes (2008) and 
Nishimuru and Yaji (2008), respectively. Vertical dashed line 
shows the fault interface at the surface which divides the model 
into two parts, the western Tibet and eastern Sichuan part.  

interpretations (CMONOC Group, 2008; Ge et al, 2008; 
Qu et al, 2008). Near the rupture zone, the displace-
ments in a narrow strip to the west of the fault are 
mainly upward and their amplitude can be larger than 
100 cm. The displacements produce a swell in this nar-
row strip. The displacements in the two sides of this 
swell are mainly downward (Figure 4a). The downward 
movements in the west side of the swell can be larger 
than 40 cm, while that in the east side is smaller and 
only about 20 cm. This pattern about the vertical dis-
placements are similar to that inferred from InSAR im-
ages, but the amplitudes of the vertical displacements 
near the rupture zone are smaller when compared with 
that from InSAR (Figure 4a, Qu et al, 2008).  

Although the coseismic deformation is generally 
consistent with the GPS observations, there is still a sig-
nificant difference between the horizontal displacement 
in our model and that from GPS observations (Figure 
5a). For example, in the GPS observation, the westward 
movements of the Sichuan basin is larger than the east-
ward movements of the Tibetan plateau, which is oppo-
site in our model. This discrepancy is confined to a nar-
row strip around the rupture zone (Figure 5a). In order 
to clarify this discrepancy, the fault slip vectors derived 
by Nishimuru and Yaji (2008) are employed to test the 
effects of different fault slip vectors on the coseismic 
deformation. The horizontal and vertical displacements 
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Figure 4 Vertical coseismic displacement of the numerical model in this paper based on the fault slip vectors from Ji 
and Hayes (a) and Nishimuru and Yaji (b). Superimposed are contour lines. Dashed lines represent negative values 
and the contour levels are −10, −20, −30, −40, −50 and −60, while solid lines stand for non-negative values with 
contour levels of 0, 20, 40, 60, 80 and 100. The white dash-dotted lines show the position of the fault interface.  

 

Figure 5 Coseismic horizontal displacements of the numerical models in this paper (denoted by gray arrows) and 
that from GPS observation (denoted by dark arrows). (a) is based on the fault slip vectors from Ji and Hayes (2008) 
and (b) is Nishimuru and Yaji (2008). Dashed line shows the position of the fault interface. 

are shown in Figure 3 and Figure 4b. Figure 5b shows 
their differences with the GPS observations. 

The differences in the horizontal and vertical dis-
placements between the two models are evident near the 
rupture zone (Figures 3 and 4b). Because the largest slip 
of Nishirumu and Yaji’s model is on the surface near 
Yingxiu town, the horizontal surface displacements are 
larger in this area compared with that from Ji and 
Hayes’s model (Figure 3). The vertical displacements in 
the northern part of the rupture zone are pretty small 
(Figure 4b), which are also consistent with the slip 
model that shows little thrusting in the northern part 
(Figure 2b). For the results based on Nishirumu and 
Yaji’s model, while the consistency of horizontal dis-
placement with that from the GPS observations getting 
improved, the discrepancy near the rupture zone is still 
significant (Figure 5b), and the consistency of the verti-

cal displacements with that from InSAR becomes worse 
even in southern part of the rupture zone (Qu et al, 
2008). It can be seen from Figure 4b that in the southern 
part, the downward movements in Sichuan basin are 
larger than that in Tibetan block, which is inconsistent 
with the InSAR results. The results from InSAR show 
that the downward movements in Sichuan basin are 
smaller than that in Tibetan block (Qu et al, 2008).  
3.2 Effects of material elastic properties on coseis-
mic deformation of the Wenchuan earthquake 

In order to find the reason which causes the dis-
crepancies between the results of the numerical models 
and that from GPS and InSAR, here we perform a sys-
tematic study about the effects of elastic properties. 
Three groups of tests are included in the following. In 
each group of the tests, the effects of elastic parameters 
on the coseismic deformation are tested by varying the 
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Lame parameters (λ, μ), or the elastic modulus (E) and 
Poisson’s ratio (ν ). In this paper, λ ranges between 
7.4×109 Pa and 4.0×1010 Pa, and μ is between 2.0×1010 
Pa and 4.0×1010 Pa; E is between 5.0×1010 Pa and 
10.0×1010 Pa, and ν is between 0.125 and 0.333. In all 
tests, slip vectors of the rupture process are the same as 
that in Ji and Hayes (2008). 
3.2.1 Effect of material elastic properties in homo-
geneous medium 

The first group of tests is mainly performed to clar-
ify the effects of material elastic properties on the co-
seismic deformation in a homogeneous medium. Some 
results of the tests are shown in Figure 6 and the pa-
rameters used for this group of tests are listed in Table 2. 
From now on, only two profiles of the results are se-
lected to discuss: one is at y=80 km (i.e., across the 
northern part of the rupture zone) and the other is at 
y=−100 km (i.e., across the southern part of the rupture 
zone). The northern part is characterized by strike-slip 

and the southern part is dominated by thrusting. These 
two profiles are good representatives of our models. 
Figure 6 shows the three components (U, V, W ) of the 
displacements in x, y, z directions along the two profiles.  

Figure 6 shows that, in the northern profile, the 
displacements perpendicular to the fault (U ) of the Si-
chuan basin and that of the Tibetan plateau are small and 
comparable (Figure 6a); the displacements along the 
fault (V ) in Tibetan plateau are much larger than that in 
Sichuan basin (Figure 6b); the upward and downward 
vertical displacements (W ) in Tibetan block are larger 
than that in Sichuan block (Figure 6c). These are char-
acteristics of deformations of a strike-slip fault with 
some reverse movement (Huang and Gu, 1982). 

Table 2 Elastic parameters in homogeneous medium 
No. λ /GPa μ /GPa E /GPa ν 

Case 01 40 40 100 0.250 
Case 02 20 40  93 0.167 
Case 03 40 20  53 0.333 

 

 

Figure 6 Surface displacements along the profiles y=80 km (a, b and c) and y=−100 km (d, e and f ), which are per-
pendicular to the Longmenshan fault. U and V represent the horizontal displacement perpendicular to the fault and along 
the fault strike, respectively, while W is the vertical displacement. The vertical and horizontal lines show the place of the 
Longmenshan fault and the zero values, respectively.  

In the southern profile, the displacements U and W 
are larger but the displacements V are smaller than that 
in the northern part (Figure 6). Also, the displacements 
V and the upward and downward vertical displacements 
W in Tibetan plateau are larger than that in Sichuan ba-
sin (Figures 6e and 6f ), which are similar to that in the 
northern part (Figures 6b, 6c, 6e and 6f ). However, the 
displacements U in Tibetan plateau is larger than that in 

Sichuan basin (Figure 6d), which is different from that 
in the northern part (Figures 6a and 6d). These are char-
acteristics of deformations of a thrust fault with some 
strike-slip movement (Huang and Gu, 1982).  

In a homogeneous medium, the influences of the 
elastic material properties are very limited. The influ-
ences in cases with a half value of each of the Lame pa-
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rameters (λ, μ) are less than 15% (case 01 to case 03, 
Figure 6). It is worth noting that the λ and μ have dif-
ferent influence on the surface coseismic deformation. 
Both reducing shear modulus, μ, and Lame parameter, λ, 
cause little change in the vertical movements of the 
hanging wall in the northern profile and the footwall in 
the southern profile (Figures 6c and 6f ). However, for 
the footwall of the northern profile and hanging wall of 
the southern profile, reducing μ leads to increases in the 
downward movements; on the contrary, decreasing λ 
results in decreases in the vertical movements (Figures 
6c and 6f ).  

By converting the Lame parameters, λ, μ, to 
Young’s modulus, E, and Poisson’s ratio, ν, we find that, 
in homogeneous media, the coseismic deformation is in-
dependent of the elastic modulus but slightly depend on 
the Poisson’s ratio. The analytic solution of coseismic 
deformations supports these results (Huang and Gu, 
1982). 
3.2.2 Effect of material elastic properties in hori-
zontally homogeneous medium 

The coseismic deformation shows less dependence 
on the material elastic properties in a homogeneous me-
dium. In this section, we set up another group of tests to 
test the influences of material elastic properties on the 
coseismic deformation in media with vertical changes in 
elastic properties. Chang et al (2008) and Zhang et al 

(2008b) pointed out that there is a weak lower crust un-
der Tibetan plateau. Therefore, in this section, we 
mainly discuss influences of the weak lower crust on the 
coseismic deformation. For this purpose, our models are 
divided into three layers: upper crust, lower crust and 
mantle lithosphere. Because in the western China, e.g., 
Tibetan plateau, there is always a thick crust, we set the 
thickness of crust to be 60 km. The thickness of the up-
per crust is supposed to be 18 km. Therefore, the thick-
ness of the mantle lithosphere is 40 km in most of our 
models. To test the effects of the thickness of weak 
lower crust, two models with a crust thickness of 30 km 
and 70 km are included in this group of tests. The pa-
rameters used in some cases of this group of tests are 
given in Table 3, and the results are shown in Figure 7. 

Table 3 Elastic parameters of horizontally homogeneous medium  
No. Depth/km λ /GPa μ /GPa E /GPa ν 

0–18 40 40 100 0.250 
18–60 40 40 100 0.250 

Case 07

60–100 60 60 150 0.250 
0–18 40 40 100 0.250 
18–60 40 20 53 0.333 

Case 09

60–100 60 60 150 0.250 
0–18 40 40 100 0.250 
18–30 20 20 50 0.250 

Case 13

30–100 60 60 150 0.250 
0–18 40 40 100 0.250 
18–70 20 20 50 0.250 

Case 14

70–100 60 60 150 0.250 
 

 

Figure 7 Surface displacements along the profiles y=80 km (a, b and c) and y =−100 km (d, e and f ) for case 07, case 09, 
case 13 and case 14. See captions in Figure 6.  

In a horizontally homogeneous medium, the elastic parameters have very small effect on the coseismic de-
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formation if the thicknesses of the layers are constant 
(case 07 and case 09 in Figure 7). The λ and μ have the 
same influence on the coseismic deformations as that in a 
homogeneous medium. However, the thickness of the 
weak lower crust influences the coseismic deformations 
significantly (Figure 7). This influence is much stronger 
for thrust fault than for strike-slip one. Figure 7 also 
shows that, the influences in the southern profile with 
thrusting fault dominated are much stronger than that in 
the northern profile, where strike-slipping is dominated. 
But the patterns of the surface deformation are similar to 
each other. For example, in the southern profile, the dis-
placements U and V of the Tibetan plateau are larger than 
that of the Sichuan basin (Figures 7d and 7e); the upward 
vertical displacements W are mainly in Tibetan block, 
and in each side of this swell are downward movements 
(Figure 7f ). Therefore, the westward movements of the 
Sichuan basin are still less than the eastward movements 
of the Tibetan plateau in this group of tests. 
3.2.3 Effect of material elastic properties in hori-
zontally heterogeneous medium 

Seismological studies have indicated that there are 
a lot of differences between Tibetan plateau and the Si-

chuan basin (Wang et al, 2003; Chang et al, 2008; 
Zhang et al, 2008b). The Tibetan block might be weak 
because Tibetan plateau is part of the active tectonic 
setting and Sichuan basin is part of the Yangtze craton 
(Burchfiel et al, 2008). The main purpose of this section 
is to test how a weak Tibetan block influences the co-
seismic deformation resulted from the Wenchuan earth-
quake. A case with both horizontal and vertical varia-
tions in the elastic parameters is also included in this 
group of tests. Parameters for some of this group of tests 
are listed in Table 4, and the corresponding results are 
shown in Figure 8. 

Table 4 Parameters of horizontally heterogeneous medium  
No. Block Depth/km λ /GPa μ /GPa E/GPa ν 

Tibet  20 20 50 0.250Case 17
Sichuan  40 40 100 0.250

Tibet  0.74 22 50 0.125Case 19
Sichuan  40 40 100 0.250

0–18 40 40 100 0.250
18–60 20 20 50 0.250

Tibet 

60–00 60 60 150 0.250
0–18 40 40 100 0.250
18–60 40 40 100 0.250

Case 20*

Sichuan 

60–100 60 60 150 0.250
* There are three layers for Tibet and Sichuan in case 20. 

 

Figure 8 Surface displacements along the profiles y=80 km (a, b and c) and y=−100 km (d, e and f ) for case 01, case 17, 
case 19 and case 20. See captions in Figure 6.  

In a horizontally heterogeneous medium, if Tibetan 
and Sichuan blocks are both homogeneous, the elastic 
modulus have larger effect on the coseismic deforma-
tions than that in a homogeneous or horizontally homo-
geneous medium. When reducing the elastic modulus 
and the Poisson’s ratio simultaneously, the changes in 

the vertical displacements in Tibetan plateau are much 
more evident (Figure 8f ). Combination of horizontal and 
vertical variations in elastic parameters also causes sig-
nificant changes in the coseismic deformation, which is 
much apparent for horizontal displacements in the 
southern part of the rupture zone (Figure 8d).  
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The above results show that the elastic properties 
have profound influences on the coseismic deformations 
of the Wenchuan earthquake. But with the parameter 
space we tested in this study, the westward movements 
of the Sichuan basin are always less than the eastward 
movements of the Tibetan plateau in the narrow strip 
around the rupture zone (Figure 3), which is inconsistent 
with that from the GPS observations (CMONOC Group, 
2008). This suggests that the complicated rupture proc-
ess might not be simplified to a single fault rupture as 
did by Ji and Hayes (2008) or Nishimuru and Yaji 
(2008). Therefore, it is needed to take account of the 
ruptures in the parallel sub-faults (Deng et al, 2008; 
Zhang et al, 2008a) or a rupture process on a listric fault 
in future studies. 

4 Discussion and conclusions 
In this paper, we calculated the coseismic deforma-

tion of the Wenchuan MS8.0 earthquake with the three 
dimensional finite element code Pylith. Although incon-
sistent with that from GPS observations (Figure 5) in a 
narrow strip around the rupture zone, our numerical 
model is consistent with the GPS observations and In-
SAR interpretations in broad features (CMONOC Group, 
2008; Qu et al, 2008). Four groups of tests, with differ-
ent rupture slip vectors, different elastic parameters in a 
homogeneous medium, different elastic parameters in a 
horizontally homogeneous medium and different elastic 
parameters in a horizontally heterogeneous medium, 
respectively, could not reconcile the discrepancy in the 
narrow trip, which means a further more complicated 
rupture process need to be constructed.  

Numerical results show that, for horizontal dis-
placement, there is a significant opposite movement 
near the rupture zone after the Wenchuan earthquake. 
The amplitudes of the movements decrease with the 
distance to the rupture zone increasing. The southern 
part of the rupture zone is characterized by a reverse 
thrusting and the northern part of the rupture zone is 
dominated by right-lateral strike-slipping. There is a 
rotational movement in the north-west part of our model 
(Figure 3). Near the rupture zone, to the west of the fault, 
there are about 100 cm upward movements, and in both 
sides of this swell, the displacements are mainly down-
ward with about 40 cm in the west and about 20 cm in 
east (Figure 4a).  

Numerical results also show that the fault slip vec-
tors have profound influences on the coseismic defor-
mation. Both horizontal and vertical displacements 

based on the fault slip vectors derived by Ji and Hayes 
(2008) and Nishimuru and Yaji (2008) show significant 
differences (Figure 3 to Figure 5), suggesting that it may 
be needed to combine the seismic data and surface de-
formation information such as the displacements from 
GPS and InSAR so as to obtain proper fault slip vectors 
in the future.  

The material properties also affect the coseismic 
deformations. In a homogeneous medium, the surface 
coseismic deformations only weakly depend on the 
Poisson’s ratio and are independent of the elastic 
modulus. Similarly, in a horizontally homogeneous me-
dium with a weak zone at the middle, the elastic proper-
ties also show less influences on the coseismic deforma-
tion once the sizes of each layer is constant. The thick-
ness of the weak layer has great influences on the sur-
face coseismic deformation, which depends on the slip 
vectors and their changes from one location to another. 
In a horizontally heterogeneous, but vertically homoge-
nous medium, the dependence of coseismic deforma-
tions on the elastic parameters is also weak. However, in 
a horizontally heterogeneous medium with a weak mid-
dle layer, the coseismic deformation could significantly 
depend on elastic parameters. 
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