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Abstract: The 2008 M 8.0 Wenchuan earthquake occurred in the Longmenshan fault zone, which has complex
geological background, strong surface relief, and heterogeneous elastic-viscous structures; however, the seismic
risk of the Longmenshan fault zone was underestimated before the Wenchuan earthquake due to the low seismicity
and slight surface tectonic deformation. We established an elastic-viscous finite element model from the perspective
of numerical simulation, taking multiple factors into consideration, such as initial topography, gravity, tectonic
loading, and viscoelastic relaxation of the middle and lower crusts and the upper mantle. The effects of the
mentioned factors on the dynamic process of seismogenic and coseismic deformations of the 2008 Wenchuan
earthquake as well as the postseismic deformation in 150 years were analyzed. We quantitively studied the
coseismic and postseismic deformations of the Yingxiu-Beichuan fault zone, and summerized the characteristics of
stress accumulation, release, and adjustment in both the elastic and viscoelastic layers. The simulation results of
the surface coseismic and postseismic displacements showed a good agreement with the geodetic data, and the
aftershock distribution of the Wenchuan earthquake was explained in mechanics. The changes in preseismic,
coseismic, and postseismic stress were calculated to analyze the dynamic cause of the Wenchuan earthquake and
the influence on the seismic risk of surrounding areas.

Key words: Wenchuan earthquake; viscoelasticity; stress adjustment; postseismic deformation; finite

element model

W E: 2008 F M, 8.0 RN AMEREEE A RMMFMEYRF, BANBRER, FHTHHE
FagEEEMEEITWIRE L, AT EAHMBFSIEL BRI LR ERDE, &7 L7 5 2
RAEBRWEADTNMEZMHMKME, NEERENNARE, BIFREARTEE, FRTWHAT, .
Mg imak . BHERBEFEZN 2008 FXNAMENEE, IEXRRE 150 5 X et WP, T&

ELWB.: ERAREEW LI (42074117, 41474085)

This research is financially supported by the National Natural Science Foundation of China ( Grant No. 42074117, 41474085)

F—EEEN: w (1994—), M, FZEMNFHIRS S FEIERPL, E-mail: qmeng@ whu. edu. cn

BIEE . WA (1980—), 1+, B2, FTNFERS) A BUERAY, E-mail; hucb@ ucas. ac. cn

KB, 2020-11-30; fEEIAHE. 2021-01-15; HEHE: W _F

SIAME: &rk, BT, MR, 55, 2021, 2008 4301 KR ZER2 | [FIRE B n A TR RS 1AL 2 d B A BUERL [J]. B2,
27 (4): 614-627. DOI. 10. 12090/]. issn. 1006-6616. 2021. 27. 04. 051




% 4 TRk, . 2008 4ENCIKHBAE AL | WA MAEIR AT R ) A A R O () 615

FRTRF-LNBRENERREREEN, oW THERE, FREENN A RE Bk, AENHER,
EUNEAREFARMREEMLYS G AHMMETRBEAT &, TN ARREHRESTHATT 7 F L OHRR,
WA EVRA . BRI G W R ) & AH By T RN AT KR 80 3h 7 5k B R L3 B B X3k o R A e

i3 2

KR SUIKHE; SR, BAAE; BEEY; HRITED

hE 4 %S, P313.2; P313.4; P313.5

0 &5l=

JbatiskE] 2008 4E 5 H 12 H 14 1 28 43 04 5,
My 7.9 BN 2 & A A 75 K g T AR 2% R G 1| 46
HAZF-AR ) Je 1T 1L W 5444 Z | (Burchfiel et al.
2008; 5KFHAE, 2008) , BN KHLREFT A BTl
VT2 1 A0 b e RS AR e A, D] 2 e R R v
TR W] 35 600 m A1 4000 m, 3% Fhai Z1 Y Hb TE
ZESERRE K WA AR 25 R, R s it %
X 225 WM Ui N 1373 1) 52 2% 1% . Burchfiel et al.
(2008) ZEAWISE T 2008 4F 1501 A Hit 52 14 Hb 5 1)
WS MR )E AT G RN A R AE
BB MRG0T, MBI AR%E (2011) XFBUIR
bR ) 2 R AL A A B B i — 2B DGR, ST
RIS | Hh 5 722 15 0 24 1% 1) 722 g 284 oy e 1 L A
M v o TR 4 A A 1) Vi B0 R L DT 2 ) 4l b 1 3
B, BRSP4 (2020) 3 i 7 41 30 A R0 5
FEMT, KT I g AR e T 1L 33 s e AR AR
BRI AR K BREAT T PR A ML BT

DONK IR K& — KR, EH 2
Wy e, EAREI RS TN (&R
5 2008; SfSE, 2008), Hih FEmE A E iz
Ve Sy BoREE, Hod w75 - B DL R
ok, AN =T DB A 38K 0 A e T 5y
(M, 2008; IS, 2008; T,
2008; REWMKAEIE, 2008) , it % Bl 2 4k i
P EEZEURE , JT RN S i, R4S N g Bl R
FERIARA I £, T oK 43 B 2 1 B3 1 1 ) RS
(VFREZRAE, 2008)  BARE SR A 5 A BT Jg T il W
S8 PTAE 0 DX BREAT T R et 95 2 14 b 1 g S
W TAE, R Tz X 24 0 RS (R
A, 2012; FREESE 2013; FAE L, 2013,
TOCE, 2013; ZBMIMESE, 2013) , AN[FIZEE XA
RIS T R 0 LA R R R T2 RS G =
ek, XA E R IEALHI AR . AR R 2S i

MNERFRIRAS . A

B A AT T ARG (S, 2008;
5 2009; BEEES, 2012; HEEES%, 2012),
[2AEEAE (2009) A D7 s R H SR8 T
PO M8. 0 9K b 7% 1) 7 0 b 7R 75 5 S B4 Hh 7=
TESRR S, R BLTE 2008 4F Z HiTF 1100 ~ 1700 4F
o el IR R KA T L ERHER, TR
T— MRS X,

IO b A= R DX A b 7 0 8 o 7 U R A )
EAAFAEANTI A, TR R e T LW S N iy
W, P (BS ) #HEERAIELS% L (K
Ao 7F, 2008; FAESE, 2009; B, 2009; X
JATGAE, 2009) , —EeaE ] PR HIRR S ) A
WFFE T 5 R AR 2k i b Fe 4549, X I T LB X
BEFHHLHIEAT TAFSE (Guo et al. , 2013)

OV K b 72 1 BF HP b T 5 %8 . F R IR X 1Y
N T AR A FOHL A T2 RE AR R XA
TR A5 R AR Y T AR B SRR E R, AR AR
2008 AFEBI KM= 122 5% | R R J5 A8 T8 1 52
B R, R T — T I ORHRI TAE
SEhl, BRALZESE (2009) KA R oo A =4k i AR R
HERICARSS &, B IRPURZ WA AR, K
PG5 L 2 B e 170 Ly Dy 2 R D 0 b 3 W R
JE . EE Y AR O KRR B 2R B R
BT REEME I, Zhu and Zhang (2013) F| A R
JCHLBIAIFSE T 2008 47301 R H 7% i 2 1) | [m] B AR
JE: Liuetal. (2015) iBHFSE T H15% 40 5 % 5
JRAR SRR T 52 ], % g b ARIER Y 2R 5l R 2 ]
W GRS T &R R I A (2018)
FIFHAT B TC A T8 25 T 25 Ay P I 72 45 A i Dy 2
JURIEZS X H AR B i g, AR5 T e 1] L D 24
A 0 L2 G B A B AN [ o B ) L R AR TR R A, &
A AR I KA I 2 (B AP e — e I 25 57

PR BIESE F A 0 & 0 G S A BR TR )7,
BT 2008 AR KMbE 7% | IR AR IR A IE
e 2l e, SEASRERYIE, gk
Wk | R RGER AR Z MR, ABTit—



616 W FFR http: //journal. geomech. ac. ¢n 2021

UL A B, PR A
1 AL ¥k
U K L 7 1 7 M e 5 R T 1T L D

R BT AR A I 1 B s, Je 0T Ll W 24 K 24
470 km., TE#9 50 km, EILEEFEIEG, 2HIK

RGN W H A0 b B 5 00 1] 35 1 1 7% #2507 ( Yin
and Nie, 1996) , ‘B H—RINWI AR, KKK,
DOV - By (5 thsraday ) | wess —Jb)1 s
(PR ) | E R - BT (AT
M) LABOILATRR B 2 (RBR AR S, 1994; 2
B4 2006; Jia et al. , 2006) ., Hr, mFE-Jt)1
W 4 2 2008 4301 K ML RZ 10 T B R R T AT |

104°E

K We

i #/m

400 800 1200160020002400280032003600400044004800520056006000

5000 -
4000
£ 3000
¥E 2000

1000

1 1 1 1

1 1 1 L 1 1

0
0 50 100 150 200

300 350 400 450 500 550

TR T E 1) B B 5 /km

a— LTG5 CR @RI R RORITE I s i A, 20U MU R BE Je 1 T LT 2R BT T T, i e AR TS X I
ERRFWTRA, KO EBT S XU T 5. 0 AT L RHAERR T, LMSFZ—JE [ TIIW L ; XSHF—&EKITIT L) 5 b—HIF o8 X B Ay =4k

MR AT —BFFEH I m R R

B 1 2008 4 50N Mo 7 09 3y FT A 3 3 5% Ao A 1] 1L i A R R AR

Fig. 1  Geological background of the 2008 Wenchuan earthquake and surface reliefl map of the Longmenshan fault zone. (a)
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western outcrop point in the Yingxiu-Beichuan fault zone. (a)
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eastern outcrop point of the Yingxiu-Beichuan fault zone. (a)

Postseismic displacement curves with time of the
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