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Abstract The focal mechanism solution on the
seismic fault plane can reflect the geometric and kinematic
characteristics of faults, and it is an important way to further
study the fine structure of fault plane. From the focal
mechanism solution of the earthquakes around the Dujiang-
yan fault in Longmenshan fault zone, we derived the average
dip angle of Dujiangyan fault is 45.1° based on the seismic
moment tensor theory. In order to refine the fault geometry
structure, this paper decomposed it into multiple sub-fault
planes along the length and width of the fault plane and forms
a number of models A13, B13, A23a, A23b, A23c, B23a,
B23b and B23c, then calculated the sub-fault’s dip of each
model. In order to clarify exactly which one of the fault
models is closest to the real fault model, the fault slip was
carried out for each model in turn, then compared the surface
displacement of each model with GPS observations. The
results show that B23¢c model with high dip in shallow and
small dip in deep is the best model, the lengths of each sub-
fault of Dujiangyan fault from south to north are 33 km, 21 km
and 46 km, respectively. When the depth of the fault bottom
is about 11 km, the dip angles are 70.56°, 67.41° and 45.55°.
When the depth of the fault bottom is about 30 km, The fault
dip angles are 44.55°, 29.18° and 44.25°.

Keywords: focal mechanism solution; seismic moment tensor;
fault dip; fault fine structure; Dujiangyan fault

1 Introduction

On May 12, 2008, the My, 7.9 earthquake occurred in
the Longmenshan fault zone in China. The earthquake was
considered to be the most destructive earthquake event in
China in the past 50 years. It caused more than 80,000
people deaths and about 37,000 people were homeless (Xu
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et al. 2008). The Longmenshan fault zone is on the eastern
boundary of the Qinghai-Tibet Plateau and is mainly
composed of three major faults. From the east to the west,
they are the Longmenshan piedmont fault (F1), the
Longmenshan main central fault (F2), and the
Longmenshan Houshan fault (F#3) Figure 1; Xu et al.,
2005. The southern segment and the middle segment
(102°E~104.5°E) of the Longmenshan fault are dominated
by thrust. The largest earthquake occurred in this region in
history was the Wenchuan Mg6.5 earthquake in 1657. The
epicentral location of Wenchuan My,7.9 earthquake is
located in the main central fault of Longmenshan, and it is
the first thrust-type earthquake that occurred on the inner
low-velocity slip fault in the world. Zhang (2008) thought
that the seismogenic fault is a shovel structure. The
interaction between deep low dip angles and shallow high
dip angles controls the breed and occurrence of strong
earthquakes. Considering that the seismicity of the
Longmenshan fault zone is related to the deformation and
support of the Sichuan Plateau and the Sichuan Basin
(Zhang et al., 2009), the high and low dip angle reverse
fault slips correspond to different mechanical conditions,
respectively. The study on the geometry of the seismog-
enic fault plane are of great significance for understanding
the interrelationship between seismogenic units. The
scholars have conducted extensive research on the
geometry and sliding distribution of the Longmenshan
earthquake fault based on spatial geodetic observation data
and seismic data, such as Ji and Hayes (2009), which
determined the strike of the fault is 229° and dip angle is
33° by waveform inversion, the southern segment is
dominated by slip, with a maximum displacement of 9
meters, this viewpoint is consistent with geological result
(Burchfiel et al., 2008). Wang et al. (2008) used a far-field
wave waveform recording combination with near-field
coseismic displacement data, geological data, and surface
rupture trajectories formed by earthquakes to construct a
double “shovel-like” finite-seismic fault model, determ-
ining the strike of 229° and the dip angle of 32°, followed
by inversion of fault slip distribution, indicating that the
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Tectonic setting and fracture distribution of the research area. The black line is the geological fault surface track;

the red line is the simplified fault model of the Dujiangyan section of the Longmenshan fault zone; the red source ball is from
Table 1, the blue arrow is the GPS observation, and the direction is the azimuth, and the length is the size; the gray circles are
positioning results for small earthquakes, the red dots are the location of the cities

southern segment is dominated by slipping. Diao et al.
(2010) thought that the width of the fault plane is 40 km,
and the dip angle varies linearly with depth from 65° at the
ground surface to 20° at the bottom of the fault. The
southern section is dominated by slip, and its maximum
displacement reaches 5 m. Shen et al. (2009) believed that
the dip angle of the main central fault in the Longmenshan
Mountains varies along the length of the fault, and the dip
angle of the fault in the northern section is close to 90°.
The dip angle of the fault in the southern section is
relatively small, the southern section of the fault is
dominated by slip and the maximum displacement on fault
plane is 7 m. The result of Wang et al. (2011) is that the
Qingchuan section has a dip angle of 70°, the Yingxiu-
Beichuan section has a dip angle of 55°, the Beichuan
section has a fault plane width of 70—80 km, and the creep
area at the bottom of this section has dip angle of 7° with
slipping, the maximum displacement on fault plane is 16 m.
The Wenchuan earthquake fracture drilling WFSD-1 and 2
were in the Bajiaomiao village, Hongkou town, Dujiang-
yan City. The measured results show that the fault tends to
the southwest with dip angle of 62° at a depth of about 590
m (Li et al., 2013). Hu et al. (2008) believed that the dip of
the source is 30° at a depth of 18 km using the focal
mechanism solution given by the first wave of P-waves.
The above scholars agree to that the Longmenshan fault
geometry has a trend of 229°, a southwest tendency, a fault
width of 40 km, and the southern section is mainly by slip.
However, there are certain differences between the results

in fault dip and maximum slippage. This difference is due
to the fact that the sliding distribution obtained from
inversion of surface deformation information depends on
the differently given geometric model of the fault (Xue et
al., 2009a; Li et al., 2011; Tong et al., 2014), although the
given sliding distributions can better fit the surface
observation data, but its set fault dip angle may have some
differences from the actual, resulting in the inversion of
the sliding inconsistent with the actual.

One of the great discoveries of seismologists in the
21st century is that most earthquakes occurred on the fault
plane and its vicinity. With the improvement of seismic
location accuracy, the development of fault plane
geometric parameters based on the clustering of small
earthquakes was promoted. Hayes and Wald (2010) propo-
sed the maximum likelihood estimation of the subduction
zone contact surface based on seismic parameters and the
assumption that the earthquake occurred on and near the
fault plane. Based on the source distribution data of
earthquakes, the maximum likelihood estimation method
and its improvement method are successfully applied to
the determination of the fault plane dip angle (Wang et al.,
2013; Zhang et al., 2013; Sheng, 2015; Gao et al., 2016).
Since the average value of the fault plane dip angle is
obtained from the seismic cluster data, the fault geometry
description is not precise enough. Fortunately, Aki (1966)
proposed the theory that the moment tensor of the
earthquake is directly related to the physical essence of the
fracture rupture process. This theory can accurately infer
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the geometric parameters and motion properties of the
fault plane (Okal, 1980). The purely biased seismic
moment tensor defined by Silver and Jordon (1982) is
consistent with the so-called double-strand size. The best
double-coupled source is the average shear dislocation, the
general dislocation source and the matrix eigenvalue of the
seismic moment tensor. The matrix eigenvectors corre-
spond to the relative sizes and directions of the three
principal axes 7, B, and P of the focal mechanism solution.
Frepoli et al. (2017) used the recorded data from the
seismic stations of the Yaping-Ning fault zone to calculate
multiple focal mechanisms and inferred the geometry of
the active faults involved. Based on the multiple focal
mechanism solutions near the fault surface of the
Dujiangyan segment, this paper refines the fault dip and
solves its dip distribution, and inverts the slip of each sub-
fault on the basis of dislocation theory. It is verified by the
forward surface displacement that the fault model with dip
angle distribution can be better explain surface
displacement observations than plane fault model with a
single inclination.

2 Data

The seismic positioning data used in this paper was the
aftershock data of 4 days after the Wenchuan earthquake
with magnitude not lower than 4.0. This data was
published by the China Seismological Networks Center. A
total of 43 small earthquake sources were selected for the
studied area (30.68°N-31.40°N, 103.17°E-103.94°E)
(Wang et al., 2010). The coseismic displacement data used
in this paper comes from the “China Crustal Movement
Observation Network” project of the national major
scientific project (China Crustal Movement Observation
Network project team, 2008). The GPS observation data
was from the national major scientific projects, the
national key basic research and development plan projects,
China Earthquake Administration, and the Seismological
Bureau of Sichuan Province. The data was reliable and
have high accuracy. The data processing sampling interval
is 30 s, each time period is 24 h, and the double-difference
mode is used. The crustal motion velocity field of the
region relative to the Eurasian plate was obtained by the
GAMIT/GLOBK software. Relative to the long-term
deformation velocity field under the ITRF reference
framework (Zhang, 2008), the results are shown in Figure
1. In this paper, we studied the 14 focal mechanism
solutions for the thrust type from January 2008 to May
2009 around the Dujiangyan section of the fault (Hu et al.,
2008; Guo et al., 2010; Cui et al., 2011; Feng et al., 2013).

Table 1 shows that the P-wave initial data used in the
calculation of the focal mechanism solution are all fine-
positioned data and the results are reliable.

3 Theoretical model for determining
fault dip angle based on focal mechanism

Assuming that the direction of the tectonic stress field
in the study area remains constant during the study period,
and the direction of the sliding of the historical earthquake
fault is consistent with the shear stress on the fault plane,
so the sliding angle of the historical earthquake can be
derived (Li et al., 2007). Suppose the tectonic stress field P
axis azimuth ¢p, angle of depression §p, T axis azimuth
¢r,and angle of depression d7, then the mathematical expre-
ssion of the direction vector in the northeast geographic
coordinate system are

T = (coser cosdr,singr cosdr,sindr), (1)

P = (cosppcosdp,singpcosdp,sindp). 2)

The direction vector of the intermediate axis (B-axis) is
expressed as:

B=PxT 3)

In a isotropic medium, the sliding of a finite-size plane
fault is mechanically strictly equivalent to the double-
strand couple distributed on the fault plane. The three
characteristics vectors of the seismic moment tensor M of a
double-coupled source (a shear dislocation source) respec-
tively correspond to the focal and triaxial directions T, B,
P of the focal mechanism solution (Silver and Jordon,
1982). Assuming that the scalar seismic momenting M, is
1, and the characteristic value of the moment tensor is (1,
0, —1), the seismic moment tensor M can be determined
according to the characteristic value of the moment tensor.
Due to fault displacement of natural earthquakes, stress
discontinuities along the normal direction of the fault do
not generally exist under large confining pressures, and
only pure shear displacement occurs. The relationship
between seismic moment tensor M and fault dip ¢ and slip
angle A is expressed as the equation (4), the first two items
are strike-slip faults and the last two are dip-slip fault faults.

M =cosdcos AM" +sindcos AM*+

0828 sin AM? +sin 28 sin AM*, 4)
0 0 —COS g
M1=M0[ 0 0 —sing ]
—Ccos¢s —singg 0
0 0 —singy
M3 =M0[ 0 0 —Cos g ] (5)
—singy —cos¢g 0
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—sin2¢; cos2¢s 0
M? = M, cos2¢s sin2¢y O
0 0 0
—sm 2, %cos 2¢s O
M* = M, 5 Lcos2¢, —coslps O (6)
0 0 0

For a certain strike direction, the seismic moment
tensor M is decomposed into two directions of 0° and 45°.

M=MP =aM{ +pMY, (7
0 0 —sing
MOD(5=0°)=[ 0 0 cos¢ ]
—sing cos¢ 0 3
—sin’¢ %sian& 0 (®)
M2.(6=45%) = 1sin2¢ —cos’¢ 0
0 0 1

According to the linear coefficient the inclination can
be determined

5=% arctan (g) . 9

When calculating the data of multiple focal mechanism
solutions on the fault plane, the dip angle is a weighted
average, where w; is the weight of the seismic event. In
this paper, the value is the square of the earthquake
magnitude. The n in the formula is the number of focal
mechanism solutions.

n
5= N9 (10)

Wi
i=1 !

4 Dujiangyan section fault dip of
Longmenshan fault

The fault in the Dujiangyan section of the Longmen-
shan fault zone is located at the south of the Wenchuan
earthquake fault. The starting point of the fault is identified
as (103.17°E 30.68°N), and strike is 229°, inclination is
southwest , with a length of 100 km and a width of 40 km.
The nature of the fault movement is a thrust type and a
small amount of strike slip, satisfying the condition of
equation (4). The distribution of the focal mechanism
solution data across the entire fault plane is shown in
Figure 2. The entire fault plane is divided into subfaults
according to the models of 1 (row) % 1 (column), 1 (row) x
3 (column), and 2 (row) % 3 (column), and the dip angle of
fault plane is solved based on the mechanism contained in
each subfaults.

In this paper, the entire fault plane was divided into
model A1l according to 1 (row) X 1 (column) (the sche-
matic diagram of the fault plane is shown in Figure 3). The

parameters are shown in Table 2. The plane fault dip angle
that calculated from equations (1)—~(7) is 45.1°. In order to
verify the correctness of fault dip results, we used 10 GPS
observations such as points H050, H049, PIXI, Z246, etc.
We used the Repulsive Particle Swarm (RPS) algorithm
combined with finite rectangular dislocation model to
invert the slip of the fault (Okada, 1985; Mishra, 20006),
because of the shear fracture of the fault, the crushing or
tensile components of the fault are not considered. The
inversion results are shown in columns 6 and 7 of Table 2,
and the forward surface displacements (see black arrows in
Figure 5) are based on the inversion results. The near-field
point HO50 (blue arrows) by model calculations has a good
fit to GPS observations. Compared with GPS observations,
the calculated values of the model are not only smaller in
size but also different in direction at the point Z246 and the

point PIXI. However, there is a significant difference
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Figure 2 Distribution of focal mechanism on fault plane. The
horizontal axis shows the strike direction of the fault, and the
length from the fault starting point (southern end) to the end
point (north end) is 100 km; the vertical axis is the fault width
direction, and the width from the surface to the bottom of the
fault is 40 km, and all the focal mechanisms are projected onto
this plane. The size of the focal mechanism ball is magnitude,
and the number of words on it is the focal mechanism number.
The corresponding data is shown in Table 2

Depth (km)
|
[y

104.0
&
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Figure 3
schematic

Sub-fault plane of 1 (row) x 1 (column) model
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Table 2 Fault geometric model of 1 (row) X1 (column)
Length ~ Width o Depth Strike-slip ~ Dip-slip U . Subfault block
Model (km) (km) Dip/ (km) U, (m) (m) Include focal point number number
All 100.00 40.00 45.10 0.00 -0.20 -2.39 1,2,3,4,5, 61;’ i,‘9, 10,11, 12, 1
Note: The depth is the distance from the top of the fault plane to the ground, the strike-slip component is Uy, '+' is left-handed, '-' is right-

handed, the d-slip component is U3, '+' is subduction, '-' is the thrust; the included focal mechanism The point number is shown in the first

column of Table 1 (the same below).

between the calculated value of the point H049 and the
GPS observation value. Although the directions are basi-
cally the same, The size is obviously different, indicating
that the fault movement has inhomogeneity and needs to
subdivide the fault along the length of the fault plane.

We divided the fault into three sub-faults along the
length of the fault plane. When the sub-fault lengths are
equal, it is A13 model. When the sub-fault lengths are not
equal, it is the B13 model (distribution of each model sub-
fault segment is shown in Figure 4). The specific
parameters are shown in Table 3, and the inversion results
in the sliding quantity is show in the columns 6 and 7 of
Table 3, forward displacement of the surface based on
inversion results are shown in Figure 5 (red, green arrows).
We found that when using the A13 model, in addition to
the significant improvement in the results of the point
HO049 versus the A11 model, the model calculations for the
remaining points such as Z246, PIXI, 2049, and CHDU
appear to be worse; when using the B13 model, not only
the points H050, Z246, PIXI, 2046, and CHDU are close

Table 3 Fault geometric model of 1 (row) * 3 (column)

to the results of the model All, but also the calculated
value of the point H049 is closer to the GPS observation
than the A1l model, it is proved that the division of the
B13 model in the length direction is more reasonable than
that of the A13 model.

=5

2 -0
2 -5
.EQ 20 104.0
] 25 103.8
-30 103.6
-35 b@k
T S, 1032
. 31.0 308 103.0 ~
Latituge © ’ 30.6
Figure 4  Sub-fault plane of 1 (row) X 3 (column) model
schematic

Model Length (km) Width (km) Dip/°

Depth (km)

Strike-slip Dip-slip U2 Include focal point  Subfault block

Ui (m) (m) number number
Al3 333 40.00 50.14 0.00 ~0.35 23.29 1,2,3,5 I
333 40.00 34.80 0.00 -0.12 -1.23 8,9,10,11, 12 II
333 40.00 48.75 0.00 -1.99 -8.93 4,6,7,13,14 m
B13 33.0 40.00 50.14 0.00 -0.44 =3.15 1,2,3,5 I
21.0 40.00 34.80 0.00 ~0.00 ~0.77 8,9,10, 11, 12 1I
46.0 40.00 48.75 0.00 -0.00 -6.00 4,6,7,13, 14 111

Note: Model A13 is equal to the length and width of each subfault. Model B13 is equal in width to each subfault, but the lengths are not equal. Each

subfault is arranged from south to north.

Although the calculated value of model B13 can better
fit the GPS data than other model's, the difference between
the calculated value and GPS data is quite obvious at the
point CHDU which is far from the fault, indicating that the
fault plane is not fine enough along the width direction,
and the fault needs to be refined in the width direction. We

divided the entire fault plane into A23a, A23b, and A23c
models based on the condition that the lengths of the sub-
faults are equal but the widths are unequal; According to
the condition that the lengths of the sub-faults are not
equal and the widths are not equal, the entire fault plane
was divided into B23a, B23b, and B23¢ models (The distrib-
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Figure 5 Comparison of surface displacement calculation by A11, A13, B13 and GPS observations. Blue is the ground-level
GPS observations. The ground displacement of the A11 model is black, the A13 model is red, and the B13 model is green

ution of sub-faults in each model is shown in Figure 6. The
geometric parameters and sliding parameters of each
model are shown in Table 4, and the result of surface
displacement calculated according to the model is shown
in Figure 7.

]
=
=
g
a
&
Latitude (°) i
Figure 6  Sub-fault plane of 2 (row) % 3 (column) model
schematic

When using the models A23a, A23b, and A23c, the
displacement calculation values of the points H050, PIXI,
and CHDU are all well fitted to the GPS observation
values. In addition to the difference between the forward
calculation value of the model A23a at the point H049 and
the GPS observation is large, but the forward value of the
model A23a at the point Z246 is better than the models
A23b, A23c. Models B23a, B23b, and B23c are all
superior to models A23a, A23b, and A23c, based on the
calculation results of each model. The main differences
between model B23a, B23b, and B23c are the calculated
values of point Z246 and point CHDU. The calculated
results of the B23a and B23b models at the near point
7246 are consistent with the GPS observations in the
direction, but the calculated value of the model B23b is

closer to the GPS observation than the model B23a in
length. The calculated value of the displacement of the
model B23c is not only longer in length but also more
superior to the calculated value of the model B23b in the
direction. At the point farther from the fault CHDU, the
calculation result of the model B23c is also closer to the
GPS observation than the results of the model B23a and
B23b, which proves that the division of the model B23c in
the width direction is more reasonable than the model
B23a, B23b. According to the B23¢c model, the dip angle
of the fault plane at the 11 km distance from the surface of
the northern section of the Dujiangyan fault is 64.15°,
close to 62° which is from the result of 590 m deep
scientific drilling of the octagonal temple village (see
Figure 7 blue square position). (Li et al., 2010), so we
think that in the current fault division, B23c is the optimal
fault model.

5 Discussion and conclusions

The dip angle of the fault in the Dujiangyan section of
this paper is 45.1°, which is based on multiple focal mecha-
nism solutions near the fault plane. To verify the accuracy
of this result, based on the active tectonic map and
seismicity, and based on the aftershocks catalog of
magnitude 4.0 or higher (Wang et al., 2010), we determine
the dip angle of the fault according to the maximum
likelihood estimation method (Gao et al., 2016). In Figure 8,
when the dip angle is equal to 44.1°, the objective function
value is minimized and the fitting residual is minimized.
At the same time, the fitting correlation reaches its
maximum, and the dip difference from the focal
mechanism solution is only 1.0°. This shows that the two
results are consistent.
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Table 4 Fault geometric model of 2 (row) %3 (column)
Model  Length (km)  Width (km) Dip/° Depth (km) Smk?;;IPUl Dlﬁ;f)hp v2 ;Efrll‘tlirfﬁﬁilr Swﬁ‘iﬁ)ﬁ?&
A23a 333 20.0 53.18 0.0 -0.75 -4.45 1,2 I
333 20.0 64.10 0.0 -0.00002 -3.70 9,10, 12 I
33.3 20.0 51.97 0.0 -2.95 -9.99 4,6,13, 14 I
333 20.0 46.38 17.9 -0.014 -0.018 3,5 v
333 20.0 27.28 17.9 -1.17 —-0.0001 8, 11 \4
333 20.0 3291 17.9 -0.0004 -0.0002 7 VI
A23b 333 15.0 70.56 0.0 -3.54 -8.44 1 1
33.3 15.0 67.41 0.0 -0.00 -9.34 9,10 II
333 15.0 64.15 0.0 -1.77 -9.99 13 I
333 25.0 45.55 13.8 -0.0007 -1.53 2,3,5 v
333 25.0 29.17 13.8 -0.0001 —-0.001 8, 11,12 \4
333 25.0 44.25 13.8 -0.0006 -0.038 4,6,7,14 VI
A23c 33.3 12.0 70.56 0.0 -3.96 -6.83 1 I
33.3 12.0 67.41 0.0 -0.00 -8.23 9,10 II
333 12.0 64.15 0.0 -1.25 -9.99 13 I
333 28.0 45.55 11.1 -0.000 -2.77 2,3,5 v
333 28.0 29.17 11.1 -0.0003 -0.0002 8,11, 12 \%
333 28.0 44.25 11.1 -0.0006 -5.42 4,6,7,14 VI
B23a 33.0 20.0 53.18 0.0 -0.00 —4.38 1,2 I
21.0 20.0 64.10 0.0 -0.00 -1.63 9,10, 12 II
46.0 20.0 51.97 0.0 -0.26 -8.59 4,6,13, 14 11
33.0 20.0 46.38 17.9 -0.0003 -4.44 3,5 v
21.0 20.0 27.28 17.9 -4.29 -5.01 8,11 \"%
46.0 20.0 3291 17.9 -0.01 -0.02 7 VI
B23b 33.0 15.0 70.56 0.0 -0.003 -5.01 1 1
21.0 15.0 67.41 0.0 -0.00 -0.00 9,10 II
46.0 15.0 64.15 0.0 -0.62 -9.99 13 I
33.0 25.0 45.55 13.8 -0.94 -8.26 2,3,5 v
21.0 25.0 29.18 13.8 -1.13 -0.006 8,11, 12 \%
46.0 25.0 44.25 13.8 -0.0001 -3.10 4,6,7,14 VI
B23c 33.0 12.0 70.56 0.0 -0.01 -5.61 1 1
21.0 12.0 67.41 0.0 -0.00 -0.00 9,10 II
46.0 12.0 64.15 0.0 -0.20 -9.08 13 11
33.0 28.0 45.55 11.1 -0.51 -5.53 2,3,5 v
21.0 28.0 29.18 11.1 -1.21 -0.00 8, 11,12 \"
46.0 28.0 4425 11.1 -0.01 242 4.6,7.14 VI

Note: Model A23 is equal in length for each sub-fault, a, b, and ¢ respectively represent different widths; model B23 is unequal in length for
each sub-fault, and a, b, and ¢ respectively represent different widths. The sub-faults are arranged from south to north and from shallow to

deep.
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Figure 8 Dip angle of fault determine by GS method. In Figure 8a, establish a graph coordinate system with the midpoint of
the fault ground line as the origin O, the z axis vertical to the ground as the depth direction, the x axis the vertical z axis as the
horizontal distance direction, and the small circle as the earthquake source. Distribution, the black straight line is the result of
the GS plane fitting, and the angle with the horizontal axis is the inclination of the fault plane at this reference point. (b) the
result of the change of the objective function with the inclination angle, (c) the fitting correlation analysis, and (d) the result of

the residual analysis of the objective function

In this paper, the division of sub-faults was divided
into two types in the length direction: One type is divided
into equal lengths, and the results are 33.3 km, 33.3 km,
and 33.3 km respectively. The other type is divided
according to the location of the faults on the surface of the
main central fault (£2) in the Longmenshan. The results are
33 km, 21 km, and 46 km, respectively, with a median
length of 21 km (see the purple line in Figure 7). The sub-
fault planes was divided into a shallow 20 km and a deep
20 km in the width direction, 15 km in shallow portions
and 25 km in deep portions. The second result is shallow
15 km and deep 25 km, The third result is shallow 12 km

and deep 28 km. According to the length and width of
various sub-faults, 9 geometric models are constructed,
such as All, A13, B13, A23a, A23b, A23c, B23a, B23b,
and B23c.

The inversion results of each model show that the
Longmenshan central fault zone is mainly characterized by
reverse fault activity and a small amount of strike-slip. At
the same time, it also shows that the existence of strike-slip
components may make fault diversion easier at high dip
angle.

From the point of view of the fit of the results of
calculation points with the GPS observations on the
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ground, the model A23b is better than the model A23a, the
model A23c is better than the model A23b, the model
B23b is better than B23a, and the model B23c¢ is better
than B23b. It suggested the reverse fault activity in the
deep gently dipping angle to the shallow part. High-angled
retrograde faults have a significant role in promoting
earthquakes. The greater the width of the deep gentle angle
fault plane, the smaller the width of the shallow high-angle
fault plane, the more obvious this kind of acceleration
effect. From Figure 7, we can see that except that the
fitting result of the point 2049 is poor, the fitting results of
the other points of the best model B23c are basically
consistent with the GPS observation results. For the
reasons that cause this result, we judge that point 2049 is
located in the southern neighborhood of the fault and far
from the fault, it is affected by sub-faults deep in the
southern segment; The displacement of point 2049 is
consistent with the direction of the GPS, indicating that the
proportion of the components of strike-slip and dip-slip is
correct. Although the length of displacement is slightly
larger, It may be that U; = —0.51 m U, = —5.53 m are too
large; It may also be that the sub-fault-slipping is not
uniform and it is necessary to refine the fault to calculate
more detailed results to make a more reasonable
explanation.

In addition, field surveys after the earthquake indicate
that at least the central fault and the piedmont faults have
undergone dislocations during the process of major
earthquakes (Xu et al., 2008; Zhang et al, 2009).
However, this paper did not consider that the piedmont
faults have been shifted. At the same time, we can see
from Table 4 that the shallow that the dislocation amount
of fault 21 km long shallow is 0 in the middle segment of
the B23¢c model. This is consistent with the vacancy of the
20-km sliding distance from 80-100 km south of Beichuan
(Wang et al., 2011).

This paper mainly studies the dip angle of the
Dujiangyan section, based on the data of multiple focal
mechanism solutions near the fault. The plane fault model
with average dip angle and sub-fault model divided by
length and width of the fault plane is studied. The optimal
model B23c is obtained through inversion calculation and
forward calculation with GPS data, based on dislocation
theory.

That is, when the top of the fault is on the ground and
has a width of 12 km, starting from the south end of the
Dujiangyan fault, the lengths of subfaults are 33 km, 21 km,
and 46 km, respectively, and the corresponding dip angle
are 70.56°, 67.41°, and 45.55°, respectively. When the
distance from the top of the fault to the surface is 11 km,
the fault width is 28 km, and the lengths are 33 km, 21 km,

and 46 km, respectively, and the corresponding dip angle
are 44.55°, 29.18°, and 44.25°, respectively. The dip angle
of the fault in Dujiangyan is consistent with the previous
results of the deep gentle dip and shallow high dip angles
of the Longmenshan fault.

The work carried out in this paper only involves 14
focal mechanism solutions for the thrust type from January
2008 to May 2009. Since there are no enough data points,
the fault model cannot be refined. In order to obtain more
accurate and precise fault geometry models, more reliable
focal mechanism solutions, geophysical observations, and
other data request be collected for further research.
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