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Abstract; The 12 May 2008 My 7. 9 Wenchuan earthquake has changed the re-
gional tectonic stress field significantly. It is important to know how such a
change affects the tectonic loading process on regional faults and thenceforth the
seismic potential of the region. Utilizing the slip distribution of the Wenchuan
earthquake as the driving source, we computed the Coulomb stress changes on
the neighborhood faults. Our result shows that the Coulomb stress has in-
creased on northern and southern end of the Longmenshan, the southernmost
Xianshuihe, East Kunlun, Longxian—Baoji, Elashan, Baiyu, southernmost
Riyueshan, central segment of the Mabian—Yanjin, western segment of the
Bangongcuo—Jiali, and Zemuhe fault. Most significant increases of the Coulomb
stress are;: 0. 01 MPa and 0. 03 MPa at southern and northern end of the Long-
menshan fault, 0. 03 MPa on western segment of the Qinling Southern Frontal
fault, 0. 007 MPa at southeast end of the East Kunlun fault, 0. 005 MPa on the
southernmost Xianshuihe fault, 0. 004 MPa on the Tianshui—Baoji segment of
the West Qinling Northern Frontal fault, and 0. 003 MPa in Longxian—Baoji
fault zone. The earthquake also decreased the Coulomb stress on the Longriba,
Nujiang, western segment of the Qinling Northern Frontal, Zhuanglanghe,
Haiyuan, Minjiang, and Yushu—Maqu fault. Large relaxation occurred on the
ruptured part of the Longmenshan, Minjiang, and Luhuo segment of the Xian-
shuihe fault, with the Coulomb stress reduction ranging 0. 04—0. 7 MPa,
0.001—0.1 MPa and 0. 008—0. 01 MPa, respectively. The Coulomb failure
stress projected on fault plane of the Xiaojinhe, Anninghe and Xiaojiang fault is
nearly zero, indicating no significant influence of the Wenchuan earthquake on
these faults.

Key words: Wenchuan earthquake; Coulomb stress change; fault interactions;
focal mechanism
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2008 4E 5 H 12 HAERGI DU A B &4 T My 7. 9(Ms8. 0) M %, %M 5% % 4 F 0 1|
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AL T i He s 1 5 X BT ) A 3 i B R A —ER 4. DU b i VG b I 2 s Bk AR AR
W IR PE AR . 1933 45 8 H 25 HIW 7. 3 RB R MR (%45, 1977 LI K& 1976 4E 8 H 16
H 23 HBIFAE 7. 2 ZW A2 (Molnar, Deng, 1984) FF J¥ 111 K2435 4% 100 km 245 (& 1).

T 1Ly VBT 284 Sy 7 R S 0 D] R P S 0 R v AR 1L DX B R 43 B 2k (Burche
fiel er al, 1995). RS- DY) A 5 7E2Y 100 km (1% 58 B2 5 Bl 7 B 2 3 km
(9 0 T LU KOR B B XT L. A 2 T i 5E 5 g = 250 km UREE B B P OB,
XA AR T 5 P38 ) A b HEHT A AR AR B AR A B AT . TR T L L kR T R R R AR
18 3t 72 38 8 N T 2 s BEARAI . FE N Hbss R A T2 KB X (Wang ez al, 2003; Yao et
al, 2008). ZEPLAE LA FE 0 e 177 LU B 2490 38 5 A s T B Al . I 78 R R K RS
3, WIBE R — AT 24, fiLi GPS WHR s /R 5 W2 A 29 1.5 mm/a 1945 5 (E 8
4, 2008), - H AEIBLIRMIE EERT 2 10 km ) 27 # (Burchfiel ez al, 1995).
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Fig.1 Tectonic setting of Wenchuan earthquake
Beach balls are the 2008 Wenchuan. 1933 Diexi (showed by 1) and 1976 Songpan earthquake

doublets (showed by 2 and 3) focal mechanisms (lower hemisphere projection).

Think black lines are active faults investigated in this study

VEAE [ B i 52 502 DG TR KRR 7 AR A A B R ) 7 Ak X i B 7Rk AR A
I [a] B4 52 (Harris, 1998; Stein, 1999; Steacy ez al . 2005; Gomberg et al, 2008). H.7&
20 {22 80 AU, FAAF (1980, 1982) ik fLl T AEdLHLIX 700 4F A B Sy i AL id 2, 45 iy
T X B M RR SRk o A B AN AR R (1980) BT T 1970 ARl Mg AR L 1975 4R
B A 1976 4F F5 1L RR 1 2 RE XSS SE R RS . B K 2 B0 AR 7R AR AE T AR
J1 MIEE BT 5 X . Stein #1 Lisowski(1983) %} 1979 4F Homestead Valley Hii 3 5 31 gE 1T
WFIE . KA FE A AR AE N I3 DX T3 K 45 (20000 BF 58 1 o [ KRG 4 IROR L= X J5
SERE B AT R FE R, I T A A 0 A S S A Ak & A . Harrds 28 (1995) #fF 58
T 0 R A A AS N ) R A AR AL B RS, 153 T E E 458, Harris Fl
Simpson(1996) BHFFT A B, 1857 4F Ft. Tejon R MR ™ AR 1Y N T 52 XX R I JH 1) )i 22
A AR SR A £ . 7 k4 (2002) . Wan %5 (2003, 2004) 3R A Harvard 8.0 % ik & H
sk TEGETE B — 2P U0 E 1R T R Hb 52 % S 22 K M AR B 52 . Robinson F1 Zhou(2005) 2%
S A ) R W R BB AR . WFSE TR L b R ) b B 2R R 22 5 A L T X B W 2 AL ) R
FEREFE T R LU 5% A i X S 22 AR R B SE A  J BN R A0 A L A T 2 0 s 2T P mT L
JH TR S KB LS. Lienkaemper 28 (200D #F5E T 1989 4F Loma Prieta #1738

http://www.dizhenxb.org.cn



2 39 TR A . 2008 AR A2 X J] Rl BT = FA 131

T VR e v ot ) 1 0 Bh R PE 1 Hayward W7 2 (M . McCloskey 25 (2005) 318 T 2004 4F
I T8 R R b 72 77 A 1 G i 20 ) A Ak . 48 I BT ) Nias—Simeulue B b R4 il 24
JIWFERM. 3 HE . —IK My8. 7 iRt K ARz B b BRI, CEHF R TR
ZIECBEZN S ST, B, TR M AR I RE P I a2 ) i 2 45 R, Parsons %
(2008) Z5 T e 1) Ly W7 24 F) FB1 R 310 W0 )1 b 7 3 R 2 L3 1) L 2% W87 )2 I 118 8 5 e 24 0
71784k, Toda 5§ (2008) R F iy JoT F 5 6 72 1 W7 J22 JLART R sl kit o 6 B8 R XS ifi 47 T 28
IR TE.  FE AR ok SR 5 Xof A1) 242 figp DX 3 02 g 722 b B G A DG 1 b 752 5 7 S B M 1 A2 b A
Bl SR TABATAE — 8 R T I o DX R 3 T R 5 T 2 5 S 5 e K R SR A A
HABRKIAE . AT TR vRph X BE BB . M5 58T 09 W7 2 LA R GPS 3 32315 31| IX.
SRR L A2 X8R 0 A R R
1 HEAZE
MRS R R B E A S AR TR AR S LG B 0 I T A M R Y RO
) B R IR S — B Bl AT DA M BR A 5 87 4k S 2 T BR s ) A 34 20 4 1] [ 44 5 4
SR A s A R O iR A T A LA SRR B ik, DRI SR AE SR AR YR AR I L B
MR A4, ST E A T8 1H3 (Chinnery, 1963; Rz 2845, 1975; HE A WH M F &
fiits 198035 Okada, 1992). fEit, FATH Okada(1992) &5 Hi (193 T 2% Ff 28 B4 1K J2 19 e A
FR R, TR LR A B ERAS N T N AR
PR, W E T b0 PR BN T AR A
ACFS = Az, + (Ao, + Ap) €))
Py Acy BETTIN S840 Ao, Rk ] 32840 (LR IED s N EEE R B, Ap JALER
JE J1 72846 (Stein et al, 19925 King et al . 1994). FLBRE J1 020 BE3 R BRI &% B 7T 1/ =
p(1—B)FR. H, By Skempton £, JEHE K 0—1 (Rice, 1992). B, (1) 1%
ACFS = Az, + 4 Ao, (2
TERATHIE . 218 Stein % (1992) # King 4 (1994) BfE . R /= 0. 4. Bl
TR R WY, O R X T A B Y P i 2N ) AR A B S R] 3 A S W AN K {HRT LX)
A RN — RE B FZ . FATTHRE 35 U0 A8 A B K 2 0 3l 5 e b 5 8 e —
FGE . 2 W, W sh B E B A AR 55 (2002) 25 H 1 1 3 2 1 sh R

2 EREEE RS HRER

2.1 HMESH

F 1G0T S A R A AR 45 I R A R IR AL S 8. A R IR AL R
FH, Z RN BA A EE R R . B TR . RO S T
W2 AR 2L A (MRis 2245, 2008; E TLR4E, 2008; Ji, Hayes, 2008; Nishimura, Ya-
gi, 2008; Sladen, 2008). HARXSELERALAN AT LA 2250 . (HY R P2 5= B2 A 1Y
6] 2R A6 75 1) A% 1 ) SRR 2L, DU RS AR LA wh o L ARACER DGET S . RATRIT BN 5=
5 JR L GPS Bk InSAR B8 8b, S 1 i 52 0 W) 52 1 3l 20 A S W )2 i LT IE 28
(Shen ez al, 2009). Z5REY] . HREBEILMIE SN S 0 R A, WVEREARILH
W J2 328 T AT ) Y b Sy T BT Z L Bl 0 A1 % ek 3 el R 2 O 3R e e O T i B2 O L
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T B4 A AT T T b e A A (L . B 55 B O A e K30 b 43 K 5. 8 m, I BRI A R K3 i
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Table 1  Source parameters of the Wenchuan earthquake from different institutes

N fir W P i T fi i 1 116 11

WH5E s - - =y

Bt o B SER i R MM SER Wi Waifn ke pis mam R
E/ ©N/ /km /° /° /° /° /° /° /° /° /° /°

CENC  103.4 31.0 14 Ms8. 0

CMT 104.10 31.44 12.8 107° 18" 229° 58 231 35 138 357 68 63 Mw7.9

NEIC 103.186 30.969 16 302 6 202 57 2 47 45 238 59 128 Myw7.9

. CENC 3| B http: / www. csi. ac. cn/sichuan/sichuan080512_csl. htm; CMT 5| A http: / www. globalemt. org/
cmtsearch, html; NEIC 5| [ ftp: // hazards. cr. usgs. gov.

*2 PR IU S 8O W T A A

Table 2 Geometric fault parameters and Coulomb stress change

W7 %4 24 i /° i i) Wwahfh/ ACFS/10° Pa
L 3k K 4 T L 45 N 90 —0.002——0. 001
SR 11 W7 4 65 SW 180 0-—0. 008
TR L — PRk g Y 90 0 0.01
HAH W3 75 NNE 180 —0.005—0. 007
T TR T T 2 90 180 —0.007——0. 005
16 5 Iy 4 70 SW 15 —0.007—0
PG 25 04 b 1 4 60 SW 15 —0.02—0. 04
B L — 52 3 W7 34 45 SW 45 0.03
Z 5 Jb 2 W 4 70 N 15 —0.01—0. 04
KECH R 70 NW 15 0.004—0.07
o T LT 2 R B 60 NW 90 0.05—0.1
U T 17 24 75 E 45 —1——0.01
AN T e A e 60 NW 180 0.02—0.3
y AR 90 180 —0.6——0.2
B el L G A PE) 75 N-NE 0 —0.008——0.001
T AR — 3 il 7 SR (R AR B 75 N-NE 0 —0.1——0.01
fief K 0T T 28 CH 50 25O 90 0 —0.1——0.08
fif 7K T W7 2L (P — 3 ) 90 0 0.02
fif 7K AT T 2 GE 2 — B ) 90 0 0.05
i 7)C ST U7 2 R — A A 90 0 0
AL 24y 45 NE 90 —0.01-—0. 002
S UL 2 (H EWZD 75 E 180 0.02
GV IT M 24 75 E 180 —0.02—0
PEAHE— 53 BRI 75 NE 135 —0.0005—0. 002
i — R 90 0 0—0. 003
/NG T 3 75 SE 0 0
K 1l Wy ¢ 75 NE 0 0
ZE U5 2 I 75 N 80 —0.02—0.3
B3 R Iy 3 90 45 0
D) A ] 2 65 NE 45 0
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P 2 0] R W 2 LAl 0[] 2 Al 20 A R 25 R (51 Shen 5, 2009)
() Wiz JLMEAR. B PR 4570 40 A L7 O )2 1T+ BT )22 060 T {00 S o O 1) S I (EL R S 1) 2
e AT > BT AR 6 AN (D S TS AR T A R 1 A4 45 2R s A8 AT [ O T P
M s (b) [RIRRBALIMAG. 8 PGRG L 45 IR AL A L BT )2 1hT . DR Sk A T R T B B R i /N
T W2 BB TR . LML IR 55 (2008) 43 th Y M SR 2500 26 . b 3 A P T 2 BRIz 45 ] () T Y 4
B . Ay S B T L VT BT SRR e ML 2 T O R R i )

Fig. 2 Co-seismic slip distribution of the Wenchuan earthquake

and fault geometry inverted by Shen et al (2009)
(a) Fault geometry. The fault planes are viewed from southwest, at 45° elevation angle. Six dip angles at

‘

fault nodal points are inverted in the solution, which are marked with a star * * >, The other dip angles in-
dicated in the figure are either interpolated or tied to the neighbor (for the southwestern end point); (b)
Coseismic slip distribution. The fault planes are viewed from northwest, at 45° elevation angle. Black ar-
rows show the slip vectors on the fault patches. whose amplitudes are denoted by patch color. Red thick
lines are the mapped traces of surface breaks from Xu et a/ (2008). The short black lines correspond to seg-
ment point in a). The Guanxian—Jiangyou fault is plotted away {rom its actual location (whose surface

trace is marked as a blue line to avoid image overlap)
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RN AR B e R X2 B LA R R S AR . FRATR
V03 70 Df Ay 2 T 2 AR S 5. 55— 2 ) PR b )t 5 £ A5 B ) BT SR AR XSS AR
S5 (2002) 4R T 2 4t DX 14 0 3 U2 M AR B PR O X B B 2 AR HEAT T e . AR A
XS W R BRI R L HEAT TR AL A0 GPS AT S E0R KT 1 mm/aCE a4
2008) F1JJi 81 | % A 51 3R 7% (Molnar, Deng 1984) I RS A (£ 2). BL=Z4h, KA1 %
Shen 4§ (2005) . T [A] BE 45 (2008) fe 3lE & P A7 € M 2 K % 5K 4—6 mm/a 1Y% R 16 BR 1Y e
H 007 2t A H (3R 2).

1 T BT K 8 M 52 72 Y VR AE 0—25 ke (9 70 B P (2R SE 0 25 . 2005) . PR R AT B
FBNHFRAE 10 km BB b= AR 0 PRS0 12484k, FRATW I T 5 km A1 15 km 3R
(2 40 S 284k R BB M (A & R B Ak, S5 RS . A SO 2 X S R
114 A ok 24 g 3 78 A 4y A .

3 &R

R4 1 T 1 b 7% W7 2 A TR G Sl T 2 TR B g R . RATTIE SR T 4 3 2 1 R
5 1) b P i 4 AR Ak (I 3D 7 388 ) DR 24 = B2 1) A AR KT )2 A AR . e L
PG RE - A7 e KT T 2 d g ot BT T I R L AR R o . AR RO W B L B B X
240 BRPLILMT R, A EWTRE . B LW . Sl AR R R L R A B T
T DA AT B 2 U L Ak me T2 PR i RN ) 4 i (B 3K 0. 000 01-—0. 06
MPa. A RN 7 3G 0 G S 35 10 I8 SR (84 531 O = 10 BT 2 ) b 52 DR )22 A i e K
Jin0.01 MPa, Jbik 0. 03 MPa, %04 5 2 61 24 119 V5 B 0 fse R 0. 03 MPa, REC Wi
(9 75 7 &8 R 0. 01 MPa, 52 15 24 17 )2 74 1 308 1) fif K o] BT 284 4 0. 005 MPa, ¥ ¥ R 1L —1E 1k
LU B 2440, 001 MPa, B B—5 XS W% 0. 02 MPa, P4 2304 db S B % KoK—F 3G B R
0.003 MPa, N iE & INZ W2 4 5 0 s R2 05 2. 10 2 A A (45 e H 3R 28 | ST 2L
PERIS I W 2 PE 0 . RS db Wi 28, TEIRWT T2 . H O (W 24030, i DT 24 L IR VTG
LN Y R L T I R AN TR U DL R R I A R R A W R T E A O]y AR )
417 W7 )2 1 24 B L IR Y DT 24 R i I T T B R B, P O ) A ik — 0. 0005—
—0.06 MPa. HAREUE IR 2. ARUCHLERAE /NG 285 ] A1 K 3t Ll W 24 1o b ™ A 1
I S35 46 1077 MPa AR . X Wi J2 AT 8 35 5 .

S5 B2 mas B ig, KA L RS Parsons 48 (2008) fil Toda 45 (2008) 1Y 4%
KAk —%. Bl Parsons % (2008) FFRATTAG T 1 22 & i 24 1 71 28 16 76 AR B S W 247 7R 35
fief 7)Y DRI 2447 ) AR R RN T R MR VTR S B R AR AR AR A T X I8 R K T A AT Y
W, I HA ST I T 0 2 0 X7 2 00 S e 3 ) AR k. AR SR S Toda %
(2008) AU Z5 JE L, FRATT R BRBR T A2 5 b 30 DX a0 30T A 284 IX 3 1 0 )2 0 o G 40 T U2 ) I
TN 7 A A B ARG — Bk, il an, FRATH 45 R BN IR VLK 2 AL BiA 0-—0. 05 MPa
() A 1 48 71784k . 5 Toda 45 (2008) 15 51 /Y 4 i 24 B F1 38 I CR A Ji Al Hayes(2008)
FIRLEI 2k 0. 05 MPa, % F§ Nishimura Fl Yagi(2008) 75 £ 0. 02 MPa) JE ik, fif B %f
Fb. AW 5% 45 S 25 23 0% 1 % D 24 1) G B3 R v B T e 24 7 g 386 hm s T At 7145 30 10 12
F0 ) B AT BORIREL. A WESE A Toda% (2008) 44 5% FI X 2 4R 45 (2002) 1 1 2l 44 3 43
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sign(ACFS)lg(abs(ACFS(Pa)))
PR3 WO M7 A S L Sl B = A 0B 2 0 R 3l 7 1) b AR Y G R AR ) e Ak
P b - 0 R PR BRI T R BT )= 1016 2R - B B 7 28 A 265 X (B A X 5 505 L5 B RN
JIHE T DX LTk 0 A PR B T BN BT )2 . B 2R PR B e A i xS . )2 R S
FoR o BRI WTE T K R BT JR L I BT JR IR Sk SRR BLIK TR . 5 BT RS AT W Sk R AE W TR B
MRS B 77 1. W72 AR R 00 4 O W 2 R

Fig. 3 Coulomb failure stress change projected on the fault plane and in the slip direction of the

surrounding active faults generated by the Wenchuan earthquake
The colors between blue and green stand for decrease and that between red and green represent increase of the
Coulomb failure stress change. respectively. The colors correspond to the logarithm of the absolute Coulomb fail-
ure stress change. Minus and positive signs stand for decrease and increase of the Coulomb failure stress, respec-
tively. The fault sense of slip is denoted by blue vectors. The vectors pointing to the fault mean thrust fault mo-
tion, and the vectors pointing away {rom fault stand for normal fault motion. The vectors parallel to the fault

stand for strike-slip motion direction of the fault hanging-wall. Thick black lines denote the fault surface traces

e oK FEAT 2R © W RN 73R, SR A [R] A9 3501 7 72 10 i 2R 10 i i i RO i 2 331 Y
JECIAL. B AR T A ) i T SRS TR 4 A Al R T b SR B DA IR P X (EL s e A
JLA B ZEH). J3 5 —Bh W] 22 591k B T Wi 2 JLATIZ AR . Ji Ml Hayes (2008) J Nish-
imura M Yagi (2008) il 2458 5 3 B o 1 5 1] [ € A2 19 B » 10 Shen 25 (2009) (9 78 R
5 TR A PY i A A L A T S 2 e A6 1) PG AR O T LR 5 3 B0 00 A 8 e T O R
B B WZ 0 3. P IRRE R A R )R R L s A ORI K V- 4 e o i AT B NW-
SE [ 734 £ 48 3 W = B g/, @1 T Shen 25 (2009) By Wi J2 BB AR 45 3 3 GPS ALK
InSARBURME - H 45 2 D08 008 75 & B0y » 28 LE 3t 72 2 0 (S0R 3 752 8040 PR 3
I 5E 1 HE ) AR R B EORG A FRATT A BF ST T R ] RE$R A3t 1 L LR B ST A B R
I EINPIE R AR
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FEATAR 5 SO M52 0 SR AR 2R o0 A o HIR T AR S T2 b e RN ) A Ak 4
R, ZHEA AR RRECW B, Hilr Ik, Pl — s, 5
PO, HEWR., H W . Sl Sh W b A PEA R B W RS A
B A e HOURT AL AT VORI db MR . BISdb . IR . H H iy
ZLALTE T IR L IRVENT R R — Bl IR R L VD VI 200 RS RN b, L
N T Ay S AT 1T Ll R 2 ) R R P . RS R TRV R AR . RE C WM AR
BB B KA T 2R Bl L5 T SR T R 0 BT R R OK—E X B B RS RN Ty ik
0.001—0. 06 MPa. 2N JC Ay b 35 B9 A 6 1T L By 28 7y W7 )23 1 28 B o R L Dy 23 1 i 7K ]
W 2L b B, PRSI S8 /0 3k 0. 0005—0. 06 MPa. 3% 45 5 %K ok 3 26 Hb 52 114 16 [
PO BT A — e 2% 5 L.

ABFFERE T 10 km N8GO N )BT, FRATWAFR T HERENES
W0 T3 A4 s R IR N ) AR i A R A2 . PRt A SO A 710 km
TRAL 19 P 1 24 0 7 72 Ak

ABIE SR T ] BT J2 3% 3l 52 o — GO A B . PRH T 3 BR v SR R B A T B 1 v o 8
(B 7 AR, SEBR b MR A 00 = 4N 34 5 G50 PR S 2N T AR T RS R —
M. AN, BT ER BRSSO A S RN . KRR JE 2 AR W AR B L (Deng et al, 19985
I BEZE, 2003, 20045 JiKH &, 2007, 2008), 3k %64k i 143 X%F G ik 240 7 48 4k 45
P L SR R B Y Y R S RO AT B ST I B I TR] R R AR R 1Y) R E
T3 il B (B AT DL L AL R K T I T R ) R AR B R B A AR A LA L R () R AE S ) X
Z B AR, Al o=2y/p TR BRRE RS S R MR D 10" —10% Pass, X TR
HHYIRL N 32X 10" MPa 9 4 Bz 47 fE B (8] 5 [ 2 3 X 10°—3 X 10" s, X} T 10—
1000 AF. O 5 2800 78 3 & 25 B 1) 1] B Ay - 45 28 LA T 40 1 <08 30 K Ml 7% =2 (8] 9 4 B A
FHIRAS ] 2006 1. %k T8 52 5 55 1) ] a) B P4 o) b 52 i 2B 5 ) ) R A s 3 R o 2 AT
DL Z W AN T
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