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Abstract: On June 1, 2022, an earthquake of magnitude 6.1 occurred in Lushan, Sichuan, causing 4 deaths, 14 injuries and
economic losses in many surrounding counties. This region is characterized by a dense fault system and intense historical
earthquakes, as well as a seismic gap that receives much attention, so a retrospective study of major historical earthquake
sequences and their impacts on seismic risks in the region is of great significance for seismic hazard mitigations in the future. Based
on the elastic dislocation theory and the regional lithosphere layered model, this paper calculates the co-seismic and post-
earthquake viscoelastic relaxation effects of the M,,7.9 Wenchuan earthquake and the M,7.0 Lushan earthquake on the epicenter of
the 2022 earthquake at different depths, and discusses the impacts of historical earthquakes on the occurrence of this earthquake.
Moreover, stress accumulation on active faults in the area and surrounding areas in the next ten years is calculated to delineate
areas with high seismic risk in the future. The results show that: (1) The M,7.9 Wenchuan earthquake resulted in a stress
increment of 0.014 MPa at the epicenter of the 2022 M,6.1 Lushan earthquake, which may have effectively promoted the
occurrence of this earthquake, while the M,7.0 Lushan earthquake caused a stress release of 0.174 MPa, which delays the

occurrence of the 2022 earthquake. Considering the influence of viscoelastic relaxation after the 2008 and 2013 earthquakes, stress
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increment of the epicenter is 0.086 MPa, which has already recovered to a higher stress level before its occurrence. (2) The

Coulomb stress increment in the middle section of the Dayi seismic gap and the Fubianhe fault zone will further increase in the

future, and so doesthe seismic risk.
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Fig. 1 2022 Lushan earthquake and historical earthquakes, regional tectonic background map in the surroundings
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Table 1 Seismic dislocation model
RFENE EHM)  HAECN)  ZPEECE)  Stirke/dip/rake/” B (km) 1(km)  FE(km) tﬁﬂ?’% @rﬂ?ﬁ 2% 30k
3(m) ()
2008/5/12 M,7.9 31.013 103.392  Wang ez al.(2011) 8.2 == — — — Wang ez al.(2011)
2013/4/20 M7.0 30.291 102.983 214/38/102 17.6 43.652 18.197 —0.137  0.646 LA
TRBHE(2013)
2022/6/1 M,6.0 30.370 102.940 211/39/98 17.0 11.482 7.079  —0.076  0.544
xk2 EREHEER
Table 2 Lithospheric layering model
PR (km) P (km/s) S (km/s) B (kg/m®) Kt ZE(Pa-s)
1 0~1 2.5 1.2 2.10
2 1~2 4.0 2.1 2.40
3 2~22 6.1 3.5 2.75
4 22~42 6.3 3.6 2.80 4.0x10"
5 42~46 7.2 4.0 3.10 2.0x10"
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Fig. 2 The coseismic rupture model of the Lushan earthquake
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Table 3 Major fault parameters
W7 )= 44 B 2 AR A 17 (%) ifmC)  WEime) A2 A (mm/a)

1 fitf 7K AT A 100.534°E  31.448°N 101.933°E  30.038°N 142.0~159.5 90 0~45 1545
2 fitf 7K 7T B 101.966°E  30.010°N 102.336°E 29.029°N 142.0~159.5 90 0~45 1545
3 E7mURGl) 101.720°E  32.267°N 102.526°E  31.371°N 160~205 =70 135 6.74+2.3
4 Ui 7T 103.679°E  32.133°N 103.646°E  31.752°N 180 45~56 45 <1

5 PZH—HERLA 102.728°E  30.010°N 102.806°E  30.248°N 200~207 44 94 <1

6 P2 H—HAB 102.806°E  30.286°N 103.657°E  30.971°N 200~207 44 94 <1

7 N —me 5 A 102.257°E  29.714°N 102.403°E  30.171°N 205 33 142 0.07-0.5
8 LN —mes5 B 102.425°E 30.190°N 103.019°E  30.629°N 205 33 142 0.07-0.5
9 VL —E B 103.668°E  30.971°N 104.731°E  31.762°N 220 23 100 0.6
10 il —J" o0 104.743°E  31.771°N 105.403°E  32.229°N 225 50 104 <1
11 Je st A 103.914°E  29.667°N 104.194°E  30.162°N 30 50 90 —

12 JeRIIB 104.060°E  30.171°N 104.474°E  30.857°N 30 50 90 —
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the 2022 Lushan earthquake
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Fig.4 Coseismic Coulomb stress changes caused by 2008 M, 7.9 Wenchuan earthquake and 2013 M,7.0 Lushan earthquake on

the 2022 Lushan earthquake
a. 2008 AT 501 4 7 X6f A% Yl 5 1 [ 52 2R )i

45 IR TE R 10 km, % 5 250 v R 35 1
b TR AT R 5 AR BB A 0.2, 58 ks Wi 28 BB
1X10% Paes, Hiu & Kl i 22 OUBAE S 1X 10" Pass,

4 5 0 R, 2008 4F 01| Hi 7% Xk AR YK b 7% Y [F] 7%
A B H 50 +0.014 MPa, 35 8] T M 52 fih % 9
I {8 (Harris et al., 1998; J7 7k #E 45, 2009 ; B ek 55
2013) , 1M 2013 4F 4 111 Hb 52 % 4% YK 1l 7% (14 W) 52

FEMA 5 b. 2013 4F 5 LUy 3l X AR UMl 72 B9[] 5 P 0 ) 32 ) . 313 e R 2 4 1 3

I F1 B9 50 O —0.174 MPa, A L 38 A1TIA 8 301
R & A R T A UM L AR ) 2 A T 2013 4F 7
L 52 0 K AR BT AR U R R P R 1 ) R
T, FLEE R T 0 MR 5 B v h B R R A
S5 0 BR B2 AE 10 km, 25 5 B A YR L R Oy 3 e
UM AR, HAY R A 7 0~20 km ¥R, H 0k, F A1
HR BT HA R EAT TS (& 5, K 6).



2084 HiERFL#  hitp://www.earth-science.net 849 %

200855110

102° 103° 104°E 1020 103° 104°E 1020 103° 104°E

210000 -0.1000  -0.0500  -0.0300  -0.0100  -0.0003  -0.000 1 00001 00003 00100 00300 00500 0.1000
VA L3284k (MPa)

FE5  ORIETEEE 2008 4301 M, 7.9 Hu 5 F1 2013 4F 27 1 M,7.0 HugZ X 2022 45 74 111 L 5% 14 15 S N 77 52 1)
Fig. 5 Accumulated Coulomb stress changes caused by 2008 M,,7.9 Wenchuan earthquake and 2013 M,7.0 Lushan earthquake at
different depths on the 2022 Lushan earthquake
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Fig. 6 Respective coseismic Coulomb stress changes caused by 2008 M,,7.9 Wenchuan earthquake and 2013 M.7.0 Lushan earth-
quake at different depths on 2022 Lushan earthquake
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Table 4 Influence of different effective friction coefficients
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Table 5 Influence of different viscosity coefficients

[ 0 b R S B 2022 4F P 1L R R PR B 1z ) 8 K (MPa)

[ ol 4 52 T Y 2022 4F 1L M FR AR P A N ) 2 AL (MPa)

Al 1 FRAL T AL R ALV

#=0.0  p=02 p=04 4=06 x=08 70/10% Pa-s 70/10% Pa-s 50/10% Pa-s 5./10" Pa-s
[F] = —0.120  —0.156  —0.191 —0.227  —0.263 1]\4/102() Pa-s 77M/lol" Pa-s nM/lol8 Pa-s 77]\/{/1017 Pa-s
FE+ER —0.110 —0.141 —0.173 —0.204 —0.235 F@mLmE —0.154 —0.141 —0.027 40.086
x6 AEEKERESHENNZIE
Table 6 Influence of different Receiving fault parameters
T IBAS [ 42 050 W7 J22 2 s 2022 45 74 1 b 7% 7% o JAE 4 17 g A8 Ak (MPa)
& NFF5(2022) o b R A R
[Fil 5% —0.156 —0.125 —0.135 —0.085
[ 7% + 5% 5 —+0.086 =+0.104 +0.111 -+0.070
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