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Abstract From 14:28 (GMT+8) on May 12th, 2008, the origin time of MS8.0 Wenchuan earthquake, to

December 31th, 2008, more than 10 000 aftershocks (M≥2.0) had been recorded by the seismic networks in Sichuan

and surrounding areas. Using double difference algorithm, the main shock and more than 7 000 aftershocks were

relocated. The aftershocks distribute about 350 km long. The depths of aftershocks are mainly between 10 km

and 20 km. The average depth of aftershocks is about 13 km after relocation. In the southwest, the distribution

of aftershocks is along the back-range fault, the central-range fault and the front-range fault of Longmenshan

faults. In the middle, the distribution of aftershocks is along the central-range fault. In the north, aftershocks

are relocated along the Qingchuan-Pingwu fault. Relocations suggest that the back-range fault mainly induced

and controlled the aftershock occurrence in the northern section of aftershocks sequence. The MS8.0 main shock

is between central-range and front-range of Longmenshan faults and is near the shear plane of the fault bottom.

From the depth distribution of aftershock sequence, it suggests that these three faults show imbricate thrust

structure.
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1 Introduction

On May 12, 2008, a large MS8.0 earthquake oc-

curred in Wenchuan county of Sichuan Province. Up

to December 31, 2008, there had been tens of thou-

sands of aftershocks, including a total of eight after-

shocks withMS≥6.0, along Longmenshan fault. Surface

rupture zone extended over hundreds of kilometers, and

the earthquakes caused a large number of casualties and

economic losses.

Aftershock sequences mainly distribute along the

back-range fault, the central-range fault and the front-

range fault of Longmenshan faults. In order to obtain

relatively accurate seismic source locations, this study

used double difference algorithm (Waldhauser and

Ellsworth, 2000) to relocate aftershock sequence from
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May 12, 2008 to December 31, 2008.

After the Wenchuan earthquake, some researchers

quickly calculated part of aftershock sequence to ob-

tain the relocation results. However, only very limited

aftershock data, events occurring by July 2008, were

used in those study (e.g., Zhu et al., 2008; Huang et

al., 2008; Lü et al., 2008; Chen et al., 2009). In order

to determine the main seismogenic fault of Wenchuan

earthquake, aftershock distribution and seismotecton-

ics, this study uses more aftershock data, from origin

time of Wenchuan earthquake, May 12, 2008 to the end

of December 2008.

2 Tectonic background, seismic

data and method

Whenchuan aftershock sequence distribute along

Longmenshan thrust fault which is a junction region of

Songpan-Garze block and South China block (Figure

1). The trend of Longmenshan fault zone is NE-SW.

Its length is about 350 km, and the width is 30–40 km.
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The Longmenshan fault is a right-lateral strike-slip and

component tectonic belt. Field geological investigation

shows that the earthquake surface rupture is along the

Beichuan-Yingxiu fault and Guanxian-Jiangyou fault,

and there is another short surface rupture which is

along Lixian-Xiaoyudong direction and perpendicular

to the direction of the Longmenshan rupture (Xu et al.,

2008). Therefore, the earthquake is not a single fracture

plane, and several active faults may also participate in

the earthquake rupture process. Aftershock sequence of

precise relocation results can be used to study the deep

structure in the Longmenshan region and earthquake

process.

Figure 1 Distribution of epicenters of earthquake sequences before relocation and seismic stations

in Longmenshan region. Faults are based on Deng et al. (1994). The position of the main shock is

indicated by blue circle. The red dots represent aftershock sequence. Triangles represent temporary

seismic stations and the squares are fixed seismic stations. F31. Dida-Longdong fault; F32. Wenchuan-

Maoxian fault; F33. Qingchuan-Pingwu fault; F21. Yanjing-Wulong fault; F22. Beichuan-Yingxiu fault;

F23. Chaba-Linansi fault; F11. Dachuan-Shuangshi fault; F12. Guanxian-Jiangyou fault; F13. Jiangyou-

Guangyou fault; F4. Miyaluo fault.

This study used the Sichuan, Shanxi, Gansu, Yun-

nan, Chongqing and other regional seismic network, and

some temporary seismic networks which were set up af-

ter Wenchuan earthquake (Figure 1), including 70 re-

gional seismic stations, 31 temporary seismic stations

and three reservoirs seismic stations. Earthquake rup-

ture zone is surrounded by these stations, which is bene-

ficial to earthquake relocation. In order to obtain more

precise source location and to further understand the

characteristics of the structure in Longmenshan region,
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P-wave and S-wave travel time records of more than

10 000 aftershocks (ML≥2.0) were selected, including

125 776 P-wave phase and 122641 S-wave phase records.

In this paper, P-wave velocity structure of Longmen-

shan region (Zhao et al., 1997) is used, and the initial

earthquakes are located using Geiger method (Geiger,

1921).

Double difference algorithm is the most widely

used method of a relative locating. And the travel time

difference of earthquake pair has the minimize impact

which is caused by inaccurate velocity model (Wald-

hauser and Ellsworth, 2000). The double difference al-

gorithm can locate the earthquake in a larger space. It

does not need to choose “main” seismic event, thus does

not have propagation errors of “main” event.

3 Result of double difference relo-

cation

In report of seismic phase, there are 8 177 earth-

quakes of which P-wave and S-wave records are more

than eight. Using the double difference algorithm, 7 507

results of earthquake relocation have been calculated.

The results of relocation show that aftershock sequence

is along Longmenshan fault in NE direction (Figure

2). Main shock with MS8.0 occurred on Yingxiu-

Beichuan fault. The strongest aftershock (MS6.4) is

on Qingchuan-Pingwu fault. In addition, there are

three earthquakes with MS≥6.0 on Wenchuan-Maoxian

fault, two earthquakes with MS≥6.0 on Chaba-Linansi

fault and another three earthquakes with MS≥6.0 on

Qingchuan-Pingwu fault (Figure 2 and Table 1).

According to seismic phase report of Earthquake

Administration of Sichuan Province, the initial depth

of aftershock was 0–45 km, and 91.47 percent of all af-

tershocks ranged from 0 km to 25 km. In this range of

depth, the number of aftershock was more than 6 800.

After using the double difference relocation, the depth

of aftershock mainly ranged from 10 km to 20 km, and

the number of these aftershocks was 5 500, which is

73.91 percent of all aftershocks (Table 2 and Figure 3).

The average depth was 13.02 km, and the RMS residuals

reduced from 0.641 s to 0.210 s. The average deviation

of horizontal and vertical were 0.9 km and 1.3 km.
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Figure 2 Topographic map of Longmenshan region and the relocation of Wenchuan earthquake sequence. (a)

Distribution of all earthquake sequences. (b) Distribution of the main shock and 5.0≤M≤6.9 aftershocks. Blue

circle is the position of the main shock. Yellow circle represent the position of 6.0≤M≤6.9 aftershock. Green circle

represent the position of 5.0≤M≤5.9 aftershock. Red circle represent the position of 2.0≤M≤4.9.
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Table 1 Result of the main shock with MS8.0 and aftershock relocation with MS≥6.0

Earthquake time (GMT+8) Earthquake location

Date Origin time
MS

Lat./◦N Long./◦E Focal depth/km

2008-05-12 14:28:04.0 8.0 31.004 103.392 18.171

2008-05-12 14:43:15.1 6.0 31.311 103.689 17.920

2008-05-12 19:10:58.4 6.0 31.296 103.448 9.956

2008-05-13 15:07:10.9 6.1 31.019 103.176 17.503

2008-05-18 01:08:23.4 6.0 32.244 104.890 17.126

2008-05-25 16:21:46.9 6.4 32.609 105.372 20.084

2008-07-24 15:09:28.6 6.0 32.824 105.474 11.443

2008-08-01 16:32:44.6 6.1 32.095 104.628 14.829

2008-08-05 17:49:18.7 6.0 32.797 105.455 11.806
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Figure 3 Statistical map of depth distribution before (a) and after relocation (b).

Table 2 Statistics results of focal depth before and after

relocation

Before relocation After relocation

Depth/km Percentage Depth/km Percentage

0–5 15.80% 0–5 6.07%

5–10 13.21% 5–10 17.86%

10–15 25.03% 10–15 37.41%

15–20 24.35% 15–20 36.50%

20–25 13.08% 20–25

25–50 8.53% 25–30
2.16%

Topographic map of Longmenshan region shows

that Longmenshan fault locates in the eastern edge of

the Tibeatan Plateau. The west of Longmenshan re-

gion is Songpan-Garze fold belt and east of the region

is Sichuan Basin of which the crust is hard. Some re-

searches (Yang et al., 2004) showed that earthquakes

located in central and western regions of China usually

happened in upper and middle of curst, and the depth

of earthquake is no more than 20 km. In our research,

97.84 percent of aftershocks depth ranged from 0 km to

20 km. This result is consistent with other researches

(Zhu et al., 2008; Huang et al., 2008; Chen et al., 2009;

Yang et al., 2004).

Wenchan main shock is in the south of surface rup-

ture, and its focal depth is 18.17 km. The depth dis-

tribution shows that Longmenshan fault can be divided

into two part, and the boundary is Beichuan (Figure

4). In south of Beichuan, the depths of aftershocks dis-

tribute from 5 km to 20 km. In north of Beichuan, the

depths distribute from 10 km to 20 km. This study sug-

gests that high-speed zone of seismic wave control the

aftershocks activity in upper crust.

In the back-range of Longmenshan fault, Wen-

chuan-Maoxian fault strikes in N25◦–45◦E, and the an-

gle of dip is 40◦–80◦. The central-range of Longmen-

shan fault strike is N45◦E trending, and the dip angle

is 60◦. The front-range of Longmenshan fault strikes in

N35◦–45◦E, and the dip angle is within 50◦–70◦. These
three faults show imbricate thrust structure (Zhang et

al., 2008a). Near surface, the dips are within 60◦–70◦

and gradually decrease as the depth increasing. At the
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depth of 20 km, three faults converge (Zhang et al.,

2008a). Based on these findings (Xu et al., 2008; Zhang

et al., 2008a; Wen and Xu, 2009), field investigation and

the results of the aftershock sequence relocation, the at-

titude of faults were inferred and shown in Figure 5.
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Figure 4 Distribution of aftershock depth. Horizontal axis direction is NE-WS, and coordinate of origin

is (30.667◦N, 103.094◦E). Red solid circle is the position of the main shock. Red dots represent the position

of aftershock with 6.0≤M≤6.9. Green dots represent the position of aftershock with 5.0≤M≤5.9. Black dots

represent the position of aftershock with 2.0≤M≤4.9.
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Figure 5 Distribution of faults and aftershocks (a) and its depth distribution of aftershock sequence L1-La

(b), L2-Lb (c), L3-Lc (d), and L4-Ld (e) in Wenchuan earthquake. F32. Wenchuan-Maoxian fault; F22. Beichuan-

Yingxiu fault; F12. Guanxian-Jiangyou fault; F23. Chaba-Linansi fault.
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Figure 5b shows that aftershocks distribute in F32,

F22, F12 and the main shock is between central-range

and front-range of Longmenshan faults. The main shock

is near the shear plane of the fault bottom. This is con-

sistent with the focal mechanism (Zhang et al., 2008b).

In Figure 5c, aftershocks distribute in F32, F22, F4, and

the number of aftershock increased significantly. In the

region, there were two aftershocks with MS≥6.0 and

more than ten aftershocks with MS≥5.0. Presumably,

aftershock distributing has been influenced by Miyaluo

fault (F4). In NW direction, the width of aftershock

sequence is about 100 km, and it is wider than other re-

gion (Figure 5c). In L3-Lb region (Figure 5d), most of

aftershocks were near Beichuan-Yingxiu fault (F22), and

a few earthquakes were near Guanxian-Jiangyou fault.

Figure 5c shows that Chaba-Linansi fault (F23) con-

trolled the seismic activity. North of the region, the dis-

tribution of aftershocks transferred from central-range

of fault to back-range fault.

Figure 6 shows the imbricate thrust structure of

Longmenshan faults. Figure 6a is inferred from the re-

sults of this paper, and Figures 6b–6d are from other

researchers’ results, respectively (Chen et al., 2009;

Huang et al., 2008; Zhu et al., 2008). The depth distri-

butions of aftershocks show clearly that the Guanxian-

Jiangyou, Beichuan-Yingxiu and Wenchuan-Maoxian

faults merge into shear plan at 20 km.

Figure 6 The imbricate thrust structure inferred from this study (a), Chen et al. (2009)(b), Zhu et

al. (2008)(c) and Huang et al. (2008)(d).

4 Conclusions

The depths of aftershocks were mainly concen-

trated between 10 km and 20 km, within which there

were 73.91% aftershocks. Average depth is about 13

km. The location of Wenchuan main shock is (31.00◦N,
103.39◦E, 18.17 km). It is beneath the central-range

fault of Longmenshan faults, and near to bottom of

shear slip plane. These three faults show imbricate

thrust structure. This is consistent with thrust source

mechanism with small strike-slip component (Zhang et

al., 2008b).

Spatial distribution of relocation aftershocks show

that the earthquake ruptured from south to north with

segmentation and heterogeneous characteristics. After-

shocks distributed in the eastern edge of the Tibetan

Plateau which is in high velocity zone in upper crust.

The trend of the aftershocks distribution is along NE-

SW, and the aftershocks distribute about 350 km long.

But in the section of Yingxiu-Lixian (Figure 5a, L2-Lb),

the trend of the aftershocks distributing is along NW-

SE. This distribution may be related to F4 (Miyaluo)

fault. In Pingwu-Qingchuan region, the distribution of

aftershocks transferred from central-range fault (F23)

to back-range fault (F33). On Qingchuan-Pingwu fault,

there were three aftershocks withMS≥6.0, including the

strongest aftershock with MS6.4 in aftershock sequence.

It seems that the back-range fault mainly induced and

controlled the aftershock occurring with the northern

section of aftershocks sequence.
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Lü J, Su J, Jin Y, Long F, Yang Y, Zhang Z, Tang L and Li

C (2008). Discussion on relocation and seismo-tectonics

of the MS8.0 Wenchuan earthquake sequences. Seismol-

ogy and Geology 30(4): 917–925 (in Chinese with English

abstract).

Waldhauser F and Ellsworth L W (2000). A double-

difference earthquake location algorithm: Method and

application to the northern Hayward fault. California

Bull Seism Soc Am 90(6): 1 353–1 368.

Wen X and Xu X (2009). Wenchuan MS8.0 Earthquake Sur-

face Rupture Zone and Seismogenic Structure——Report

of MS8.0 Earthquake Research. Seismological Press,

Beijing, 15–38 (in Chinese).

Xu X, Wen X, Ye J, Mao B, Chen J, Zhou R, He H, Tian Q,

He Y, Wang Z, Sun S, Feng X, Yu G, Chen L, Chen G,

Yu S, Ran Y, Li X, Li C and An Y (2008). The MS8.0

Wenchuan earthquake surface ruptures and its seismo-

genic structure. Seismology and Geology 30(3): 597–629

(in Chinese with English abstract).

Yang Z, Yu X, Zheng Y, Chen Y and Ni X (2004). Earth-

quake relocation and three-dimensional crustal structure

of P-wave velocity in central-western China. Acta Seis-

mologica Sinica 17(1): 20–30.

Zhu A, Xu X, Diao G, Su J, Feng X, Sun Q and Wang Y

(2008). Relocation of the MS8.0 Wenchuan earthquake

sequence in part: Preliminary seismotectonic analysis.

Seismology and Geology 30(3): 759–767 (in Chinese with

English abstract).

Zhao Z, Fan J, Zheng S, Hasegawa A and Horiuchi S (1997).

Crustal structure and accurate hypocenter determina-

tion along the Longmenshan fault zone. Acta Seismolog-

ica Sinica 10(6): 761–768.

Zhang P, Yu X, Wei X and Ran Y (2008a). Slip rates

and recurrence intervals of the Longmen Shan active

fault zoneand tectonic implications for the mechanism

of the May 12 Wenchuan earthquake. Chinese J Geophys

51(4): 1 066–1 073 (in Chinese with English abstract).

Zhang Y, Feng W, Xu L, Zhou C and Chen Y (2008b). Spa-

tiotemporal rupture process of the 2008 Wenchuan great

earthquake. Science in China (Series D) 38(10): 1 186–

1 194 (in Chinese).


	1 Introduction
	2 Tectonic background, seismic data and method
	3 Result of double difference relocation
	4 Conclusions
	Acknowledgements
	References

