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Coseismic and postseismic stress evolution caused by the 2008 Wenchuan earthquake
and its effects on the 2017 M 7. 0 Jiuzhaigou earthquake
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Abstract On 8 August 2017, an Mg 7.0 earthquake occurred in Jiuzhaigou County, Sichuan
Province, about 140 km to the epicenter of the 2008 Wenchuan M 8. 0 earthquake. Generally,
both the coseismic and postseismicstress changes due to a great earthquake are sufficiently large

to disturb local tectonic stress and seismicity. Therefore, how would stress change due to the
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Wenchuan earthquake and what is its effect on the Jiuzhaigou earthquake And how had the local
stress changed Here, we address these questions using a 3-D visco-elastic model. Based on high
performance parallel computing and Adaptive Mesh Refinement (AMR) technique, we builda
lateral heterogeneous ellipsoidal Earth model to calculate visco-elastic deformation, stress changes
and the Coulomb Failure Stress changes (ACFES) induced by the Wenchuan earthquake. Moreover, we
calculate the ACFS on nearby faults from coseismic and postseismic stress induced by the the
Wenchuan, Lushan and Jiuzhaigou earthquakes, respectively. Results show that the coseismic
ACFS on the hypocenter of the Jiuzhaigou earthquake caused by the Wenchuan earthquake is
about 0. 008 MPa, while the postseismic ACFS is up to 0. 012~0. 016 MPa which means several
years ahead of the Jiuzhaigou earthquake. The ACFS of nearby major faults in this region, such
as the southern segment of the Longmenshan, East Kunlun, Longriba, northern segment of the
Minjiang, Kangding segment of the Xianshuihe faults, caused by the Wenchuan, Lushan and
Jiuzhaigou earthquakes are all greater than 0. 01 MPa, increasing the seismic risks of these faults.

Keywords Jiuzhaigou earthquake; Wenchuan earthquake; Post-seismic deformation; Finite element

method; Coulmb stress change

1.4 mm « a ' ( ,
0 1999). )
5.3mm = a ' ( ,2008).
2017 8 8 21 19
( 33. 20°, 103. 82°) M 7.0 s N s
20 km( http: // news. ceic. ac.
en/CC20170808211947. html, [2017-08-08 ]).
2008 9 ,
. , 4 )
,2013 4 20
M 7.0 ( 90 km). (2011) 1997
) , . (2009)
, 1. — 0. 01 MPa
N . . - (2003)
( ,2008). s s 1937 L1963
1997 2001
s ( ,2004; ,
,2007) , . . 2008 M 8.0
, ( 2013 Ms 7.0
,2007). GNSS
, , 2008—2015 GPS Chttp: // www.
N , cgps. ac. cn/cgs/viewArticleNormal. action id= 401,
( ,2017). [2017-08-09]) )
, , , 2~4 cm,
) 2017 Ms 7.0

1.6~1.9 mm +* a '(Wang et al. , 2008). .



1270 (Chinese J. Geophys. ) 62

5 2017

Global CMT (http: / www. globalemt. org) ;

GPS
L2008 2013 s
GPS (Wang et al. , 2011b);

Fig. 1 Regional geological settings and GPS velocity field

Colors are elevations in kilometers. Red, purple and green beach balls stand for the 2017 Jiuzhaigou, 2008 Wenchuan and 2013

Lushan earthquake, respectively. Focal mechanism solutions are from Global CMT (http: / www. globalemt. org). Black arrows

represent GPS measurements (Wang et al. , 2011). Red lines represent faults presented in text.
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3
(a) Ji  Hayes(2008) ; (b) Fielding (2013)
Observed and modeled coseismic displacements caused by Wenchuan earthquake
(a) Ji and Hayes (2008) model; (b) Fielding et al (2013) model.

Fig. 3
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0.4;(D

, 0,0.4 0.8;(d) 5 (e)

S ; (a)—(c) (e)
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Fig. 4 Coseismic Coulomb stress changes on faults caused by Wenchuan earthquake
(a), (b) and (c¢) ACFS (heterogeneous model) calculated assuming ' =0. 0, 0. 4, and 0. 8, respectively; (d) Slip model; (e) ACFS
(homogeneous model) calculated assuming /1/:0. 4; () North-south stress Sg. In (a)—(c) and (e), black lines denote surface parts of
faults. Calculating depths range 0 to 30 km. Red, purple and green beach balls represent 2017 Jiuzhaigou, 2008 Wenchuan and 2013 Lushan

earthquakes, respectively.
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