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Abstract On 12 May, 2008 the great Wenchuan earthquake with magnitude M,8. 0 occurs on the
Longmen Shan belt, which is located at the eastern margin of the Tibetan Plateau and
northwestern Sichuan region of China. The strong shaking of the Wenchuan earthquake causes
great disasters to life and property, and severe geologic damages, e. g. landslides and cracks to
dams are inflicted. Based on the geologic studies and the surface rupture investigation, we
constructed a more realistic double-listric finite-fault model, and reconstructed the source rupture
process by combined inverting the teleseismic waveforms and local coseismic displacement.
Results show that the Wenchuan earthquake is characterized mainly by thrust motion with right-
lateral strike slip also, and two faults-Yingxiu-Beichuan fault and Guanxian-Jiangyou fault
participated simultaneously during the rupture process. The estimated maximum slip on the fault
can reach up to 12~12. 5 m, and the distribution of slip on the faults with high magnitude can be
projected to Yingxiu and Beichuan county which are severely damaged. The average strike-slip

motion is a little larger than the slip motion, which is coincident with the deformation observation
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along the Longmen Shan tectonic region.
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composition of this region and special tectonic structure might be the reason for this great
Wenchuan earthquake with recurrence interval of thousand years.
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Fig. 1 Tectonic map of the Longmen Shan region, where the Wenchuan earthquake occurred
@ Wenchuan - Maoxian fault. @ Yingxiu - Beichuan fault. @ Guanxian - Jiangyou fault.
Red lines indicate the Longmen Shan fault belt region, and the epicenter of the earthquake is marked with a red circle.
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Fig. 2 Focal mechanism of the Wenchuan earthquake
Lower-hemisphere projection is used here. The observed P wave records (black line) and the synthetic seismogram (red line)
based on the simple point model are compared. The green and blue circles with “-+” and “—* indicate the polarity of the
direct P wave, and the red circles are the projection of the stations. The parameters of two possible fault planes are listed also,
with A, 8, @ ,h indicating the rake angle, dip angle, strike direction and source depth respectively.
The obtained source time function and the schematic map of fault motion are plotted.
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Fig. 3 Estimation of the source duration time of Wenchuan earthquake based on the high-frequency energy of P wave

(a) For example, the recorded vertical velocity at station XMIS is shown (lower) and a narrow-band filter with central frequency of 1.0 Hz

is applied to get the high-frequency components (upper), which is used for the following energy-based rupture duration estimation.

(b) After apply the processing steps-filter with 1 Hz central frequency-band, square the velocity time-series, smooth velocity-squared

envelopel'), and stack the velocity-squared envelope for all the stations, we get the estimation of the rupture duration. The 33%

and 50% indicate the estimated source end time at envelope levels of 33 and 50 percent of the peak value, respectively, which give a

robust estimation of the source duration. The arrival time of P, PP, PcP and S phases based on the IASP91 model are marked also.
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Fig. 4 Double-listric finite-fault model used in
slip inversion for Wenchuan earthquake
Model unit 1 and 3 modeling the LLongmen Shan central main
fault, and unit 2 modeling the Longmen Shan front range fault.
(a) Cross section of the fault model. The dip angel varies
with depth, and the initial depth of rupture is shown also;
(b) Surface projection of fault model, the strike direction
and length of each subfaults are shown;

(¢) 3D view of the fault model.
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Fig. 5 Inverted slip distribution on the fault
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Fig. 6 Comparison of the observed teleseismic P and SH records with the synthetic waveforms
(a) The location of the stations (upper panel) : the black triangles and blue circles represent the stations used for P wave
and SH wave inversion respectively. Comparison of observed (black) and synthetic waveforms (red) for P vertical
components (b), and SH components (c¢) are shown. The azimuth (left top), epicentral distance (left below)
and station name (right) are also indicated for each waveform pairs.
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Fig. 7 Projection of rupture slip on the fault inverted by the double-listric finite-fault model
Aftershocks occurred in one month after Wenchuan earthquake with
magnitude greater than 3.5 are marked with black circles.
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Fig. 8 Rupture process snapshots of Wenchuan earthquake
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F 0 RO 1)1 MR R X R AP R AR
7 1) % e 1 DX S8R0 g 7 (B R 45 2R RR | GPS
LI 5 B 177 0L L Jok R 255 DB 2 7 1) 5 5l R e ek
~2 mm/yr, 5 b 5% HFOR T S R SR AE A
A SR SRAS - 2 3 B 223 em 5L B 3072
f 22 7 ) 23 T 4F. A RO ) L i ik 64 5
=y R R A ORI A R 2 A AR R T RE A A AR
A I T R N AR R R 8 R A RE L e & DL R R
e ORI

2 % 3Lk (References)

L1] RAF. BUNMENE A BRI GH 5 3 J %15 5%

TR CARBFE AR ,2008,35(4) :348~356

ZhuJ S. The Wenchuan earthquake occurrence background in

Journal of

R B

deep structure and dynamics of lithosphere,
Chengdu University of Technology (Science & Technology
Edition) (in Chinese) , 2008, 35(4) :348~356

2] JA%R%E. % 5. Alexander L 5. 75 JE AR 45 s 3.
WA, 2006,26(2) :40~51
Zhou R J, Li Y. Alexander L, et al. Active tectonics of the
eastern margin of the Tibet plateau. J. Mineral Petrol (in
Chinese) , 2006, 26(2) :40~51

[3] % 5.JA%%, Densemore A 5. 75w A % K Kfi gl )1 2%
b AR S ST . s MR R . 2006
Li Y, Zhou R J, Densemore A, et al. Geodynamic Process of
Eastern Margin of the Tibetan Plateau and Its Geological
Responses (in  Chinese ). Geological Publishing
House, 2006

L4] iREERE, REME, ME¥EE. 2008 30 8. 0 Jth 7 K R Wi
LR B AR AL JE A S R b Bk B B AE A 2008,
51(4): 1066~1073
Zhang P Z . Xu X W, Wen X Z , et al . Slip rates and

Beijing:

7]

(9]

[10]

[11]

(12]

[13]

[14]

recurrence intervals of the Longmen Shan active fault zone
and tectonic implications for the mechanism of the May 12
Wenchuan earthquake, 2008, Sichuan, China. Chinese J.
Geophys. (in Chinese) , 2008, 51(4);: 1066~1073

Hartzell S H, Heaton T H. Inversion of strong ground
motion and teleseismic waveform data for the fault rupture
history of the 1979 Imperial Valley, California earthquake.
Bull. Seism. Soc. Am., 1983, 73: 1153~1583

BePR26. 22 SR I TRDBA PR b A 2 0 R AL MR )
PR, 1997, 40(5); 691~701

Yao Z X, Ji C. The inverse problem of finite fault study in
time domain. Chinese J. Geophys. (in Chinese), 1997, 40
(5): 691~701

Ji C, Wald D J, Helmberger D V. Source description of the
1999 Hector Mine, California earthquake , Part I;: Waveform
domain inversion theory and resolution analysis. Bull.
Seism. Soc. Am. , 2002, 92(4). 1192~1207

Wang W M, He Y M, Yao Z X. Complexity of the coseismic
rupture for 1999 Chi-Chi, Taiwan, Earthquake from
inversion of GPS observations. Tectonophysics, 2004, 382
151~172

ETR, Mg, 2 0%, 1999 FEEELHE
KR M ERYHEAEAR . 2005, 48(1): 132~147
Wang W M, Zhao L F, Li J, et al. Rupture process of the
Chi-Chi (Taiwan) earthquake in 1999. Chinese J. Geophys.
(in Chinese) , 2005, 48(1): 132~147

25, FSRE, BINASE. SRR 0 R R 3 ok AR
Fi. AR BT R 4l (L AAREE D » 2008.35(4) :404~413

Li Y, Zhou R J. Dong S L,et al. Surface rupture, thrusting

S

and strike-slipping in the Wenchuan earthquake of Sichuan,
China. Journal of Chengdu University of Technology
(Science &. Technology Edition) (in Chinese), 2008, 35(4) :
404~413

Lomax A, Michelini A, Piatanesi A. An energy-duration
procedure for rapid determination of earthquake magnitude
and tsunamigenic potential. Geophys. J. Int. 2007, 170.
1195~1209

Okada Y. Surface deformation due to shear and tensile fault
in a half-space. Bull. Seism. Soc. Am., 1985, 75. 1135~1154
Liu P C, Custodio S. Archuleta R J. Kinematic inversion of
the 2004 M6. 0 Parkfield earthquake including an approximation
to site effects. Bull. Seism. Soc. Am. , 2006, 96(4B) . S143
~S158

Kanamori H. The energy release in great earthquakes. J.
Geophys. Res. s 1977, 82:2981~2987

R3O W9



