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Figure 1 Simplified tectonic map around the Longmenshan fault zone. The beach ball indicates the focal mechanism of the 2008 M8.0 Wenchuan
earthquake with its epicenter in the end point of the black line. The Sichuan regional seismic network and the local seismic network of the Zipingpu
reservoir are shown by red and orange triangles, respectively. Blue circles are locations of the recognized repeating earthquakes given by Li et al.!'”.
Black circles indicate historic earthquakes. Surface ruptures'™' associated with the 2008 Wenchuan earthquake along the Beichuan and Pengguan faults
are marked by thick red and blue lines, respectively. Insert map in the upper left corner shows surface velocities™ of different blocks within the Tibet-
an Plateau relative to the stable Siberian craton
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Figure 2 The estimated slip rates from repeating microearthquakes''” are shown together with different published distributions of coseismic
slips”®**). The color scale of slip amplitude is given on the right side of the map. The size of crosses is proportional to the slip rates
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Figure 3 Slip distributions for two segments of the southwestern and northeastern Beichuan fault based on geodetic, teleseismic and strong-motion

data, respectively and joint inversion given by Hartzell et al.**!

1921



a4 % B & 20184 7H $£63% F19#

T B 5 798848990 o e 52 B (1% ALOS/PALS AR 75 14 %K
Pk 2 s DS TR B R B EZE s, 3k
HUE| ) InSARME R IE AR S L &G )RR L i A=
G2 PICAR By, HLAE 3 R 7R h 43 A A A 35
WA R R AR {5 BAEAE T 20 T 58 5 B AR 55 1 5%
i) AR 4 5 A N OOV 43 A A 25 0 M R R R X
35 [¥) ALOS/PALS ARAE X 114 77 o7 1) i #% 2 > 26 £
AH . F B 2 A Bl e AR AT TR AR B, 7R SRR
T RS . BELEHYInSARMEF L AR R [, 45
kG B GPS R R R AR K dE, R A AR . Bhafias s g
Ji T A8 B A B A 750 ] NF A 2 T 301 b R Y [ 5
Bl oA AR T Tl X A R AR S5 R S5, 45 R
I b 5% S — AW 2 0 AR R R TR R A, Hop
B 58 B | i 10 B ATUIE B Y 1 sl LA vp oy
F, WENBLUATEE N R E; R e E
INEWE X, W EERALEL0 kmIEE L LK X
B, fK10.7 mAY I Sh A T O BEA AR AL, AR
OB 12 kO BAFAEE — M sl iik6 m
AR B X, AR K3 4 Y i 3T R S5 2 1 (>100
km)20 emPA I {4 [7] 52 1 22 B AR A 6.

O8R5 M 4 RUJE R 23 5 2 e e HL i v 67 B
PATE EASUN S ISP I = O 8,3 N [ 30
BIRFIE B AR R 5 A% R R JB A AR B i B Ak B,
TR i R i A A M AR ML B R R 2 e Y R
filt . B 25 A H 0 B OR RN S O Bk & R, BT
GPS. InSARITE Jj K ifg Wit <5 XL 45 4 5 1l 732 A e
T 04 K 5 1 T R 0 5 A L A ) B AN, B
AR 22 Ml T ook i 4 Rk S i A ) 2
IS FE. AT IR 20084 501 MR K 201 14F H AR R AL i
Mw9.0HLFE IR Z W B i fliTh, KRE I IEHER I T4
0o =X A7 B W2 L ART 25 R AR Y | 4 T T 4
SRR 1 A R R BSOT T T T S AR AR, S R LA ) 3
T 167 Ak M BRA R B 2 TLART 2548 L A RS L 15
UL JLART P 76 Jay BR e K %ot 1 24 5 8 4 a2 2 5 il
2o AN A ) ROl G R A/ i X 3 R
ST BRAS TR TR B4 IR A b 0 s UL A5 45 R OAS [ (4 21
AR, A3 BT v iR B —E5iE s Y JR R i 45 £
RS 40 A0 52 R 2L PR DGR, (H A JBUA R0 2 Kb
-2 UL 54 P T A ) TR AR RN AR I AR TR AR 5 B
Pt b AT BE A AE I B R S s i, 38 0 AN R 4L
T8 43 TR 09 S T A R A5 R 38 o B I YR A R
)8 2 Mk FIUR B 8 R . R 8 SU% B4R A RS T 51

1922

P de BEAT IR B, DA K75 I8 = 4 i 1 B AN 2
SIS E R A Z LTS5 MRS, w] A4S
B RS A0 09 SO M A= RN s o A, (H AL P4
52 2% B HEIRT BT 2= 55 5 2 A5 B 2 A [R] Y SC IR A v i
K.

1.3 RRERERAN)

KT T SO M R M e 2T 1 RR S AR TE R,
i 22 bRAE N OT%f i 75 -0 1| 5 4 B R SR A g
194 W 2 sl B 2 e il j2 E AT e R i, 45 R
NS WL A5 (26%) B A K AR AR Ak, AT 2 R
VG S5 350 G 1A I A5 (6%) 7E 2 G 4k 2 HR TR T T
12.8%), 134~WLI 55 (68 %) B T 2 22 1 KT )2 452 il 2 1)
v B (I B TR R RS )RR IS B AR L V%, P FRAR T
9.7%; JRAF X FPAR b AF A A b w2 A s T
Jei FE S 195 (5 ), (DA SRy 32 2 Vi 301 | M 7 24
W AR T R T R, T L R R O i RS TT RE
Ik AR BRI b 1Y _E 3 FE . Shao%: A OOTH
FHC) 72 5 14K 4 GPS WL B4 Sy 24 o s 18 1Y) 7%
Je AR T MG, T L T 285 A A T B 8 0 AR e
B %, I EL15~25 kmiRAL 2 G B ikl i
., AR IE 14K AR TE LI 3 T 5% 1 # Ft 3
o e it £ S IE AL HuangE A UOUH) K ik 24F
() InSAR F1 GPS I 2 % 4f ok 9 25 2008 4F 50 1] b 52 114
MG ARk, &I AR FH A7 5 Y R — B Ok A
B IE i3, A T DL ¥ 9 DR Y 2 v
by A0 b R i TR R AR R 0 A g 0 A T i 5 R, T
B 75 AU 1 D 24 e B A L 7 1 B8 (20 kmiIRJE 2 LA
>20 cmH125~40 kmBEEE <10 ey )0 7] DU R S
R KRR, ARG 18R 5 A 52 W 8h o A I M
K HLAE I LidE ARG ) B E R AL Jiang 4%
N0 B 52 5 — 4F (9 GPS WL B8, %5 T Wang %5
N PYFIShens AT 2 TUART 45 k) 43 59 A4 2 17 AH B
(14 FM 1 FITEM 245 78 58 Jiz 13 [ 72 i 20 R s 1 88 4 A1
2 W AR A S TS 3] %) [R) R 0 sl 40 A 1 e i sl X
S AR 7 ) b w3 R g R T
15 kmiEELL b, WERERET7 mi &g shEP XA
3~dAS, SRR R i 00 2 3 55 SR TSSO ) it
11 TA Ay [R) 5% ¥ 2 X6t W8 2 L AT 235 4 S sk, (HR 5 78
TE Xof Wi J22 U AT 25 4 B 0 B5URK, 5 Huang 28 A MOY— 5
()75 21 8 37 7% I AR B 32 L B e ot 5 | RS Y 458,
INAFM B AV FM2E B AEGPS i 7 . ThiZ i 37



IR

P L 00 R 5 0 (g — PR Ty R B 1, ANIE R
25 JERERTERZ I, 2RI RIHR 7 Hh R A A 4K
R R e, 2O —Ami g XA T
75 - AL JZ el

1.4 W2 EiRs k&

W 2 P T2 1 AR R R I ke AR R R R Y L B
2o, T LABRGAT 1 YR AR A 8 3400 s () ok DA S 24 &2 % T
(R & 0] B ) A5 31 B4 b AR i iR Bl R F 1 1Y
TG SWT 2B, TR R R ok AT BB & A b £ 5 DX A s
[T SER &=y na s @ 11 B: V-1 p) AN DRy i
By S PR S e D ST v B A B 55 - 1 T RN
T EL VT3 BT AL T PR IR AR 2224434454, 00.08 731 bt
A N TR YR A2 Bh R B A e e S
PR 5 FR W2 P 7 A G sl T S R Y M 3R
oM AR . 2 FT Y Defnode 111 47 58 I 3 F2 e, A
1999~20074F- 1Y 430 GPS 7K - 3 Ji£ 37 K4l o 29 oK, W
T 0T L PRy 245 ) 7 1] 4 A 9 BTG L CT s ) 1y
50~55 km), TR 5 k) EE6HE T o5 B TR FE M b R ik
IR HM0.1, 6, 12, 16, 21F124 km, 4F2HET &5 2 [H] Y
W 2100 71 DA b 3R 2 TR IR 550, 55°, 20°, T°FIT°
VAT R, A SET R 0T L DT S A 0| M T A P A
TR B 7 Bor A, S5 RT3 rhdt B
PBITR B 21 km, PIPIRE R R0.994 47, M E W2
7 1) 4 W Bl i 8 R 24 2.2 mm/a, SEATITZ E 1] G
HHEW 3 7 W R Y H4~6 mm/a. BEK = f3 &
B U0 [G]RE ) 1 1999~20074F GPS %k 48 =2 18 15 51 2 251
W AR AR K 8 X3 Bl B AR 00 5 W R4 R D
Bl R, Fe T — 2 S 7 B AR R ST 45 A e T Tl
bT 24 P IR B 240 13.623.9 km; T 2545 Mt 25 A 110
63 FH £ B T e AR R S X T R e R AR S R
B N ) G AR LA A, A i H 1999~2007 4F:
GPSEHE S 845 20 0 Je 171 1l W 2 i P P B 8 8 1) Ky
10~15 km.

PO EHT A BRAFIE N TRl T W 2dat 3 5%
o SN T O =Sl
2000~3000 a7e 47 00 a7 42 A E R BT AR B T
AR UL o R S, ) b T sk GPS Y i Bl 5 2R
50 M 5= ) 5= A RS sl S R b, A AR R
T L 7 Ry i e 75 - 1 W7 2 ke A 2 RU i i 1 &2 R
435251000 al7278361 - 1310~3932 a'%”! 2000 a
PLE72000~6000 2™, #2500 a1, #53000 al*¥ |

3000~6000 a'*%1%1 " 2000~10000 a'*'F14000 a"*"". it
AN OORE . bR RN R M 2
BE, SR 3RS B B R A e 1 e 1] L b LA
MR FERE K AIRE: 7.0 EAY500 aZidty, 7.59 M=
11000 aZefy, 8.0 HIAZ3000 afify. BENTEANT)
R AR ST B A AR ) AR A AL ] -k
75 VeIt 4 R B YT 3 BT 2406 1] L g BE 2008 4F i fi T 1
YR Hb F 0 47 (7 ) Hb 78 & AR 7E #E 4-3300~2300 aZ [H],
B 1R Kk AR TR A>5920~5730 aZ i), “F35E &)
B 2943000 a. Renfl1Zhang!" 1% T GPS HlInS AR
2 R (14) b 2 R SR B 52 K (] B A 3900400 a. L
% o S NI XA = 4E B s BRI
AT RN HA e 1] 1 W 241 A 8 4 Hh R A & 11 B N
2000~10000 a. LiuZe A5 5 % Jp 1] L i 448 4 A
Rl (1) = 2 BR G 2 5k sl 2R, Al B AR 2k
RIS Hh 72 1) 5 72 52 & JR] 48124 4200~6500 a. Thomp-
sonF AT 3 F Gan % NV 1 e 1] L 7 A
Jii] BT B GPS R I 247 S (AN A 955 5 7K 9T DRy 27 L 1L
Wiy, 3 o A S i BT R G — R 5T X
Sl 1) R 1) R M B AR AR Ak, A5 M R 1) L W ST AE A 9
mm/afl) i 3 7 BRI HERT RO R i 50 R K
#4600 a.

R R K AR A S AR K, H R
HAE T W2 K I sh I e B2 B O shig R,
IR R E A i M A2 R AR AR L MR A R AR | X
Rt | = A e e B sy N Y N 1 DA A
DA 8 U 2 T P18 AR 8 A 5 A0 (U0 07 R g e A 7
BRI B b e A 4 080 2 8 9 S B0l 1y ) - 10 A
JE BN 2 PR S R (AN [115,116]). ARHE A 2 PR
KW sl R E R R, 3T R 2) TR
TR A B B - X5 b 7R A2 R I AS T s e b EL A K
iR 25

J2 7 5 3 11 ) o e 4 1 s e 4 P X HE B R R R
Wr 2 89 MY fA (asperities) > %% -2 118 5 [ A5 (A&
(barriers)P®7>%94931 e (U] (1 A it 45 SR Sk 15 it B A 2
AL 3P A BRI 3P R TRl

2 RS TR BRI 12 e AT 30
i o TR MR T R, I B 8 A T
FEAEBOBESE, S22 i 5 A A AT M

i O 7 AR 1Y) R 3 S KT RIS e H 1
i NS R RS P EARR: Ve NS Ve o I R R s

1923



a4 % B & 20184 7H $£63% F19#

AR, H B O R T LU 9N R B A ik
SR AT B R HI I R vk A R 2 k!

T Bl W A 1R B A R 0 b SO IR R, [
I AT A MK 3 50 L BRAR DT AR AAEAC 2 5 T A AR H:
ANIE AR TR0 fy T e 246 3 1 4 45 SR
G b SR, T B AR Y T A L HL R ) AR AR I S
B, BT LA MR 2 5 1R AR 5 W ST Bl i R R AT A
AT LRI 2 L AR ~ 7 4 ROBE B 28 /i A= AL 09 W
G, AT LR RS AS ) st )R8 ) b7 24 355 3l g ol 3
AT R SRR, H PRHE AR T IRl e 5 R AR Y
YR 000 S R 3 T DT 2R A A D ) LS AEAR U i S
S M BR R 2 Y ) ph o FE 5 b ER N R Bl 77 A AR A AR
HMZESR, nT AR bnife 2 L0 W 2 s s i,
G A T DRI S DT e 50 T A B SR 10 A LA A LA
S E HAEAR, (B3 AT ARG L 8 SR AR QA
AR AR B U 4 At A AR AR R 2, HS 094 7 A
Tl UORR . AR TR A A% el st 0fe 0k A2 b 35 T AR TE Y
JFARTEAS B AR M) 1 o b 55 Ry
Hb R 5T DR A FE A B A 4R ol % 8 b AT, o
4 1 52 (A1 201 34F 14 1117.04% 3. 52 2 VF1 201 04E 15 45,70
4 M 5 ) 5 AT R R A B G R L
ST 35t e, ] 50 X 2008 4 31 Ml 7% A A= 1 fif b 3
W 2R E B RS 2, AP AT W WA R B B 3% %
L B SN PUIG O, B0 T AR B 9T 4 LR B3 8
SAH 335 P AT 1 8 R AR S5 J g shi ), Al
e Hp A7 AE 5 — i B AN E PE. DolanFHaravitch!!'#!
i AL FE T E 20014F B 1L H 7S MwT 9 FE N Y6
AMw = 7.15E T8 172 1 3 307 8% 55K 0 e A
A TRER W s XF EE, o3 B 3% BH 3k F Hb R i 244
F14) b 550 Y 2 8RR 2 ARV e 7 R B AL ) DB )22 52 o e
R,

PRAR 2 1] R Hh ) 2 5 R (R 1) J& GPS RN InSAR) 4
Xl XU 5 B 1 v B 2 3 R R, X6 W DT 5 DRy SR A7
U s 51 R Y 7 24 R LR A8 AR b B A R Y
P2 PLGPSSE K M I s M A, LTI
P BRAA A2 S A TR R 4 A o s ] DRI 2 6 Al A 0 1481,
Xof 1l 26 AR T8 BEA TR AL 40 BT AR 1Y) 3 B W S Bl R
o5t 235 SRS T A b 37 3] U2 A ) AN fy S P R R
JZ PR BE S GPS Wi 5487 40 A A5 BR ) 5 g 1481291,
Evans!" 357 3 %} 38 [ im0 € & 26 19 334 Kt ] 42 4%
2 0 Sh A, b e BN A2 2k T R 1) 4 2R
20l LUk #)5~10 mm/a. HR L AT RE], B

1924

GPS LI 2] iy 5 2l 38 HR B 24 A a0 4 2 %, B R
A VKT 224 1) W Bl 3 A AE A 2 K A B ) PR AN AR B
GPS LI 2] (1% B 4> ¥ 20 3R A 25 5 7% 2l W 2445 2] /Y
K20 Bl A — 3

T ] K Bl %) 0444 18 AR T BE AT W4 B 932 3
AT AR R 2 22 AR FE 1200 8 AR 4 W P e iz B
RIS 57 A P 2 AR Y B, B i R ] T K b
0 2 1 DT T SRR AR T AR B RS B, AR A R
b 2 R B T 25 S RO 20084F v T Ml AR R AR W AL Y
10 km DL TR BE 45 5L K Wt J2% A % 8 gl A A I dd 22
5. Barbot¥E AN AR H A A 1) S A siopE 2 s
() 5 e S B S RS Y AR T, 0 B TR 7 A1 1 1) 5 5
LY fy (] 5 AR T S 3 0T BRI A 2 R TR AL 1) 18 3l & 56
20%. RV X BIF 5% B BE 45 v O % KRR, Lay!' ¥4
/N 201048 FIMw8. 8 E 115 mld Fa R IX 5
GPS % BF = 0 Ak 11 09 P 81 X AF FE A S AR B 22 5%
Smith-Konter%§ A "%} Ho 43 #7155 [ San - Andreas 7 %2
5 1 GPS Ji v FlHE R A AL VA5 R, K ILZ Bk 2
Bt 25t ) GPS I B TR FE 5 Hb 72 3 a0 1 R s Y 22 5 IR
BEAH 2R K (FE2 kmZ N), {H{E Imperial, Coyote
Creek filBorregol )25 B2 ) 25 5 B &k, GPS I 45 S i 1%
T7~10 km.

b2 T Sl W RS B Y A R IR B, R R L1
o R TR B 7 L B W T W R A M AR T B AR T 11
AR E, W R RER & A 02 T B RN B A M R A X
BRI AT R B AR B P AR —H
TR HE R R AR I BT AR R 1 B bR AT
YR RAR Y <4 F %525 1 (subsurface  creepmeter)”t*))
% b 752 (12 1 3l ) PR X N g 4 Bl A8 R v T R AR
R H T (stress meter)” R Sz MRS 3 7% & AR DX R T 5
PA A X A 7 7 BABCIR AR TN, LA i 7 i o A0 A b
A LI AT A SR (im i) WL AR 38100y
PR Wy 24U B AR TS B T A R A& 42, Thomas
S NN e T R R I R R A W8 W sh R
(B A5 b 2R N TR FPIE AR 1T (deep creepmeter)”, 2K
fili 3 3& [E Jin M San  Andreas Wi 24 19 SF 35 35 2 3 XK.
NadeauFIMcEvilly" "#]f]San Andreasit %27 Parkfield
i DX A R A MR, R AN B2 i B R R OR TR
55 R b 0 g R A SOOI 7 5 SR AR Y, R I B
TR IE TR IR T BN 22 S o0 AR BRI 2 MR A
R 1 DXl (R 2 PR 4 IX) 7E 200448 & A T 6,048 3
. IgarashiZs A OVAILIZE A58 i B A M R 40 At



43 SAS 2 H AR ety A0 11 L b7 S VR e (R 2) T
ol R 2 S U W AR, A 8 T ST B IX ) )
AT EE A SR 201 14F H AN 4L b HE Mw9.0
Hi R F12008 415011 8.0 Hu 7% . 201 14F H AR AR ALk 1hF
Mw9.0H1RZ 1 %2 A= TR K 200845 130 )11 8.04% 1 52 VR
19844FE-Morgan Hill 6.24% Hi1 7% 33145 ] 72 i 241X 8 4
KB ELZMRESEFM, BER THHERZ RS
[T A NI = d o i o A S I i O < ES ) [P
19894E Mw6.9 Loma Prietati 52! | H A Kb im i
20114EMw9.0 Tohoku-okidh 72 !**1 & | ¥4 b 35 o 4k
20144EMw8.2 Iqiquedts 2" 14 F 5], & & Hh7E ¥ 5
O S EB SR AR A B s [a) ROBE (R0 L i)
TR S R A kAR A AV e T
Wit 4715 v b BRI 2] (14 1040 55 b 52 e 51, AT DT
F -5 BT 14~16 kmIRFR 1 S06F1S07 — 20 5 42 M 75
A0 50 FfE 2 4.3~9.5 km Ak (4 340 5 &2 Hb 7= 471
FE20064F Fi Ji -4 H B [ A5 5 0 i 3t e 300 o 5k A
13l % (K 4), 588058 &% 45 NPT EE 5112006/01/01 5
O 72 K 72 B 220 W R 16 sl 2L F 48 B TH
A A5 A A S A AR A

I A0/ 0N B B 52 R A0 i 0 A O T
ARy, PRI W 2GR AR Y B A A IR DI g pE e, 1
AT s B b A7 R b AR 5 53 A A TR) R AT A
2 5 MR s g g S AR 1 R R, e R
FE] K it 22 A 475 oK A5 10 U0 00 00 320 08 1 5 2 1 B
I T A 000 28] (%) B 5 b 7 P B s A5 8 UL I s BB A S A
H It e, X% WAk 550 B 24 TR 58 19 1 ol o 2 1
SYEE. BLAN, R e T G b b R R M R A
R XS BT, 23R U IN Y M R AR U
MU e, &5 & 51 2 b A0 1 4 1 gk o nT BE a2
W 2477 ), o 24 SR T Ak B85 0 S R 1 3 B0 T Il 2
B,

JRAE I 2202 4F HUIE W2 B9 BE T LS T B
HERR, (K P 3B 552008 130 1] Hi 7% 1 H F- 2 kY
A A ) U B FR AT R B N T 2 0N R R A
FRUOL 5 5 () 2 % [ Bzt 8 1 L 47 4 B U A
SRR, H IR E AR a9 R i B R
(AR LR TG sh AR AE T, AT BEAEAE 5 IR N 5 [
HR AR S 1 W7 2R S AL JEE BB B R £ (Devil’s staircase
functions) (4 sh 6] b ), Bl ATT 06200 70 4 2 #E Hb J5
Mo R B2 R R 2R A5 A B 2R A, it
58 5 R DX 118 DT S R R AR T A I A T A AR I

40

D

35
30
25 4
20
15 4
10 |
59 -

0 T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008

ZiINEHE (mm)

20 48030

S050 :
1548090 = |
10 - ; |
5 _ [

0 T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008

ZINBHE (mm)

45
40
35
30
25

VEEE (mm)

2%

2001 2002 2003 2004 2005 2006 2007 2008
Fin

B 4 Jel TG AL BOG N 10 21 AT R 4 I ] - 30
B R

Figure 4 Cumulative slip calculated from the 10 repeating earthquake
sequences in LMSFZ

XoF VT 24 A B S R R VA 1 A T 2 5 I 3 M X A i R
£ B 1 e oz fin LA EE .
3 &k

X} % A2 20084 13011 8.09% b 72 11 e 1] 1L W Sy 2
SR AR, W RGN AT, R LA
g AT L AR TA R

(1) Jer LWy R ILIE S a8 2%, W
T S R AN 5T

(2) 2008413 )11 8.0 3th 72 J& £ YR T F 1F 4 b
()13 5 i 24 A, o 44K B 0300 kmZAE A+, 7E
TR R s B G, I BB REEDI -5

1925



a4 % B & 20184 7H $£63% F19#

AN —7 T 7,

(3) HuFTHBAR . R HI AN b R A ST 45 H R R
U0 L7 240 R B R B R AR 2
AR s R A — 3, R RN 10~17
kmZ# 55 VR AL 1 ¥ Bl R 24 R i 0 14 2~ 3£ 5

(4) ASTRIVBIFZE 45 25 0 e 10 L Dy 24y A 2%
BN 552 0 52 % R I AR Ak £E K (600~10000 a). #7
DL A M RR A BT 45 A 3R (3.5~9.6 mm/a) AL
I 78 e KA R A A (5.0~15.5 m) YA, W k4R
A H 2 ) R 0] BB 29 R 500~4500 a, 551 i 24 5k
R i R 2 B R 25 A A G 24 1000~10000 ahy
F2 B R SR MR A BT A A B TR I B R A
b ST R M ) 2 A R ) K

20084F- 501 8.0 M 75 i 3 472k, IR il

W 25 TR VR A s AR TR W S A T R, iR
T ARATIXF BN M 5B K A 1 BT Mk R R S
N XF R ehas & A2 19201 14F H AR 256 T i Mw9.0
Tohoku-oki 3 7% (1) #F 7% (Z W Lay"™™ (1) ¢ 8 25 18 K f
5 3CHK), A 200870 1] M7= K Iy 1] L W7 2 R A
IEH SR AAEAEANMEFFIR AT I, 2/ DAEWE

BT BE N 24 BL 2 A ToT, TLHRR IR EB M 5)
FIZERRSE . R P AR R () v e R B A TR )
I A TG o . TN KBl PR 3 TR A s
AR A FE B 8 1oy A B, Rk N 7800 & ¥ 5 5 1
2 I Vi Sl = 000 DRIy 24 3 A T 1) D o7 XL 8 3,

e Ry . ORI 2 A SO 3 2 55 22 P 25
B RBIEATA AR 3BT, % W7 2L P BRI A 1

AR 22 S S 25 4t DX PR SRR i 6 P I I o B AR

Bt o ROAE R R F A TR BB AR TR R Bk U Tk, RO E E R BRSNS RELEARAXRULL. &
Wt % [& Am M {8 55 Al X % Roland Biirgmann# % i 3 SO Z 8 i & A5 o, KB RF IR 7 A E#HZ AT
KERFAR RE N EH R LA FORE R, £EH A EFHartzel LR FENREER T ER.

RN

[ L N

10

11
12

13

14

1926

XuX W, Wu XY, YuGH, et al. Seismo-geological signatures for identifying M= 7.0 earthquake risk areas and their premilimary ap-
plication in mainland China (in Chinese). Seismol Geol, 2017, 39: 219-275 [#x#ff, REE, TRAE, %, JE KK S ESHEERK
DX T B i 7 b B~ s S O . R R, 2017, 39: 219-275]

Harris R A. Large earthquakes and creeping faults. Rev Geophys, 2017, 55: 169-198

Liu M, Stein S. Mid-continental earthquakes: Spatiotemporal occurrences, causes, and hazards. Earth-Sci Rev, 2016, 162: 364-386
Shimazaki K, Nakata T. Time-predictable recurrence model for large earthquakes. Geophys Res Lett, 1980, 7: 279-282

Savage J C, Cockerham R S. Quasi-periodic occurrence of earthquakes in the 1978—1986 Bishop-Mammoth lakes sequence, eastern Cal-
ifornia. Bull Seism Soc Am, 1987, 77: 1347-1358

Field E H, Biasi G P, Bird P, et al. Long-term, time-dependent probabilities for third Uniform California Earthquake Rupture Forecast
(UCERF3). Bull Seism Soc Am, 2015, 105: 511-543

Deng Q D, Chen L C, Ran Y K. Quantitative studies and applications of active tectonics (in Chinese). Earth Sci Front, 2004, 11:
383-392 R4, WRards, FHEEME WEShA S BT SR, M2 ATLR, 2004, 11: 383-392]

Zhang P Z, Xu X W, Wen X Z, et al. Slip rates and recurrence intervals of the Longmen Shan active fault zone, and tectonic implications
for the mechanism of the May 12 Wenchuan earthquake, 2008, Sichuan, China (in Chinese). Chin J Geophys, 2008, 51: 1066-1073 [5§k 1%
e, IR, MR, AR 2008 4RI 8.0 YR K AR W R T Sl AR VB K A AR AN . ML ERA HE A4, 2008, 51: 1066-1073]
Geller R J, Mueller C S. Four similar earthquakes in central California. Geophys Res Lett, 1980, 7: 821-824

Nadeau R M, Foxall W, McEvilly T V. Clustering and periodic recurrence of microearthquakes on the San Andreas fault at Parkfield,
California. Science, 1995, 267: 503-507

Nadeau R M, McEvilly T V. Fault slip rates at depth from recurrence intervals of repeating microearthquakes. Science, 1999, 285: 718-721
Matsuzawa T, Igarashi T, Hasegawa A. Characteristic small-earthquake sequence off Sanriku, northeastern Honshu, Japan. Geophys Res
Lett, 2002, 29: 1543

Chen K H, Rau R J, Hu J C. Variability of repeating earthquake behavior along the Longitudinal Valley fault zone of eastern Taiwan. J
Geophys Res, 2009, 114: B05306

Dominguez L A, Taira T, Santoyo M A. Spatiotemporal variations of characteristic repeating earthquake sequences along the Middle
America Trench in Mexico. J Geophys Res, 2016, 121: 8855-8870



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29
30

31

32

33

34

35

36

37

38

39

Schaff D P, Beroza G C. Coseismic and postseismic velocity changes measured by repeating earthquakes. J Geophys Res, 2004, 109:
B10302

Li L, Chen Q F, Cheng X, et al. Spatial clustering and repeating of seismic events observed along the 1976 Tangshan fault, north China.
Geophys Res Lett, 2007, 34: 123309

Li L, Chen Q F, Niu F, et al. Deep slip rates along the Longmen Shan fault zone estimated from repeating microearthquakes. J Geophys
Res, 2011, 116: B09310

Kim W Y, Kim K H. The 9 February 2010 Siheung, Korea, earthquake sequence: Repeating earthquakes in a stable continental region.
Bull Seismol Soc Am, 2014, 104: 551-559

Igarashi T, Matsuzawa T, Hasegawa A. Repeating earthquakes and interplate aseismic slip in the northeastern Japan subduction zone. J
Geophys Res, 2003, 108: 2249

Sammis C G, Rice J R. Repeating earthquakes as low-stress-drop events at a border between locked and creeping fault patches. Bull
Seismo Soc Am, 2001, 91: 532-537

Chen T, Lapusta N. Scaling of small repeating earthquakes explained by interaction of seismic and aseismic slip in a rate and state fault
mode. J Geophys Res, 2009, 114: BO1311

Bergen K J, Shaw J H, Leon L A, et al. Accelerating slip rates on the Puente Hills blind thrust fault system beneath metropolitan Los
Angeles, California, USA. Geology, 2017, 45: 227-230

Zhang P Z, Wen X Z, Xu X W, et al. Tectonic model of the great Wenchuan earthquake of May 12, 2008, Sichuan, China (in Chinese).
Chin Sci Bull, 2009, 54: 944-953 [3K5 5%, M%7, RBHR, 5F. 2008 4R3I 8.0 JUAF KM 5% 20 7 A & 1 (0 22 B0 41 A . B2
2, 2009, 54: 944-953]

Zhang P Z. Beware of slowly slipping faults. Nat Geosci, 2013, 6: 323-324

Xu X, Wen X, Yu G, et al. Coseismic reverse- and oblique-slip surface faulting generated by the 2008 Mw7.9 Wenchuan earthquake,
China. Geology, 2009, 37: 515-518

Zhang P Z, Wang M, Gan W J, et al. Slip rates along major active faults from GPS measurements and constraints on contemporary con-
tinental tectonics (in Chinese). Earth Sci Front, 2003, 10: 81-92 [5k}57%, T8, H T 7%, 4. GPS VLI 1% 3 K7 24 1 5 1 5 K Ho X B
A KBl JIVE I HIZ0. 2412k, 2003, 10: 81-92]

Deng Q D, Chen S F, Zhao X L. Tectonics, seismicity and dynamics of Longmenshan mountains and its adjacent regions (in Chinese). Seismol
Geol, 1994, 16: 389403 (XA, Bidt ik, B/INBE. Jul Tl K AR X B FIH R 16 2 K 3 Ju 2. MR, 1994, 16: 389-403]

Xu Z Q, Hou L W, Wang Z X, et al. Orogenic Process of the Songpan-Ganzi Orogen in China (in Chinese). Beijing: Geological Pub-
lishing House, 1992. 1-190 [VF=535, arH, To57, 6. T EAE- A0S (LA 8 1 #2. b5t st s AL, 1992. 1-190]
Burchfiel B C, Chen Z, Liu Y, et al. Tectonics of the Longmen Shan and adjacent regions. Int Geol Rev, 1995, 37: 661-735

Zhang Z, Wang Y, Chen Y, et al. Crustal structure across Longmenshan fault belt from passive source seismic profiling. Geophys Res
Lett, 2009, 36: L17310

Pei S, Su J, Zhang H, et al. Three-dimensional seismic structure across the Ms 8.0 Wenchuan earthquake, Sichuan, China. Tectonophys-
ics, 2010, 491: 211-217

Wang Z, Huang R, Pei S. Crustal deformation along the Longmen-Shan fault zone and its implications for seismogenesis. Tectonophys-
ics, 2014, 610: 128-137

Wang Z, Wang X B, Huang R Q, et al. Deep structure imaging of multi-geophysical parameters and seismogenesis in the Longmenshan
fault zone (in Chinese). Chin J Geophys, 2017, 60: 2068-2079 [Tk, T45A%, ek, 5. JoiTILWi 2y 2 S 50K A5 AL 1% 5 1
MBS, HuBERPIBLAAR, 2017, 60: 2068-2079]

Hubbard J, Shaw J H. Uplift of the Longmen Shan and Tibetan Plateau, and the 2008 Wenchuan (M=7.9) earthquake. Nature, 2009, 458:
194-197

Jia D, Li Y Q, Lin A M, et al. Structural model of 2008 Mw 7.9 Wenchuan earthquake in the rejuvenated Longmen Shan thrust belt,
China. Tectonophysics, 2010, 491: 174-184

Guo X, Gao R, Keller R, et al. Imaging the crustal structure beneath the eastern Tibetan Plateau and implications for the uplift of the
Longmen Shan range. Earth Planet Sci Lett, 2013, 379: 72-80

Jia S X, Liu B J, Xu Z F, et al. The crustal structures of the central Longmenshan along and its margins as related to the seismotectonics
of the 2008 Wenchuan Earthquake (in Chinese). Sci China Earth Sci, 2014, 44: 497-509 [F {78, XU#4, %, 4. I TLhB Kk
P SE 45 M 5 B0 R A 3. P ER: sERB27, 2014, 44: 497-509]

Feng S Y, Zhang P Z, Liu B J, et al. Deep crustal deformation of the Longmenshan, eastern margin of the Tibetan Plateau, from seismic
reflection survey and Finite Element modeling. J Geophys Res, 2016, 121: 767-787

Zhao X L, Deng Q D, Chen S F. Tectonic geomorphology of the central segment of the Longmenshan thrust belt, western Sichuan,

1927



a4 % B & 20184 7H $£63% F19#

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

1928

southweatern China (in Chinese). Seismol Geol, 1994, 16: 422-428 [#X/IMB, XSAA, BiAt%&. Jo i1l e 2405 b By o # i o 50 2
8. HEHLT, 1994, 16: 422-428]

Ma B Q, Su G, Hou Z, et al. Late quaternary slip rate in the central part of the Longmenshan fault zone from terrace deformation along
the Minjiang river (in Chinese). Seismol Geol, 2005, 27: 234242 [E {45, TN, £G4, 5. FUHIRITG H 09 A8 AL 5 0 111 B2
A7 B AS DU 200 B R MR MR, 2005, 27: 234-242)

Densmore A L, Ellis M A, Li Y, et al. Active tectonics of the Beichuan and Pengguan faults at the eastern margin of the Tibetan Plateau.
Tectonics, 2007, 26: TC4005

Zhou R, Li Y, Densmore A L, et al. Active tectonics of the Longmen Shan region of the eastern margin of the Tibetan Plateau. Acta Geol
Sin, 2007, 81: 593-604

Li Y, Zhou R J, Dong S L, et al. Surface rupture, thrusting and strike-slipping in the Wenchuan earthquake of Sichuan, China (in Chi-
nese). J Chengdu Univ Technol (Sci Technol Ed), 2008, 35: 404—413 [ZE88, JEIZR7ZE, FHIGUR|, 45, 301 HbR= A% st 3 i 34 5 00 b 3
YRR, AR TR 244 (H AR BE ML), 2008, 35: 404-413]

Zhang P Z, Wen X Z, Shen Z K, et al. Oblique, high-angle, listric-reverse faulting and associated development of strain: The Wenchuan
earthquake of 12 May 2008, Sichuan, China. Annu Rev Earth Planet Sci, 2010, 38: 353-382

Chen Z, Burchfiel B C, Liu Y, et al. Global positioning system measurements from eastern Tibet and their implications for India/Eurasia
intercontinental deformation. J Geophys Res, 2000, 105: 16215-16227

Shen Z K, Lu J, Wang M, et al. Contemporary crustal deformation around the southeast borderland of the Tibetan Plateau. J Geophys
Res, 2005, 110: B11409

Gan W, Zhang P Z, Shen Z K, et al. Present-day crustal motion within the Tibetan Plateau inferred from GPS measurements. J Geophys
Res, 2007, 112: B08416

Wang Y Z, Wang E N, Shen Z K, et al. GPS-constrained inversion of present-day slip rates along major faults of the Sichuan-Yunnan
region, China. Sci China Earth Sci, 2008, 51: 1267-1283 [ LA, FR 7, LIERHE, 5. 5T GPS WO 5 i )1 F b X 32 22 W
HPA S HEAR, P ERE IR, 2008, 38: 582-597]

King R W, Shen F, Clark Burchfiel B, et al. Geodetic measurement of crustal motion in southwest China. Geology, 1997, 25: 179-182
Holt W E, Chamot-Rooke N, Le Pichon X, et al. Velocity field in Asia inferred from quaternary fault slip rates and Global Positioning
System observations. J Geophys Res, 2000, 105: 19185-19209

Wang Q, Zhang P Z, Freymueller J T, et al. Present-day crustal deformation in China const rained by Global Positioning System meas-
urements. Science, 2001, 294: 574-577

Wang X Y, Zhu W Y, Fu Y, et al. Present-time crustal deformation in china and its surrounding regions by GPS (in Chinese). Chin J
Geophys, 2002, 45: 198-209 [E/NE, AKCH, £F5%, 55, GPS Wil iy o [ K H A i LA 52 8 48 . Bk ¥y B2 4, 2002, 45:
198-209]

Zhang P Z, Shen Z K, Wang M, et al. Continuous deformation of the Tibetan Plateau from global positioning system data. Geology,
2004, 32: 809-812

Du F, Wen X Z, Zhang P Z, et al. Interseismic deformation across the Longmenshan fault zone before the 2008 M8.0 Wenchuan earth-
quake (in Chinese). Chin J Geophys, 2009, 52: 2729-2738 [F:Jy, M5, KIGRE, 55. 2008 43011 8.0 4 Hh 7% w25 o 1] Ll W 477
BIRE IR A . R B2 41, 2009, 52: 2729-2738]

Zhao Y Z, Wu Z L, Jiang C S. Present deep deformation along the Longmenshan fault by seismic data and implications for the tectonic
context of the Wenchuan earthquake (in Chinese). Acta Geol Sin, 2008, 82: 1778-1787 [ i, =LK, ¥R M, . HHZETEMG
AT T 1 W7 2RI AL K HxE T30 1 52 PR 9 . BT 3R, 2008, 82: 1778-1787]

Ji C, Hayes G. Preliminary result of the May 12, 2008 Mw 7.9 eastern Sichuan, China earthquake, 2008. http://equake-rc.info/SRCMOD/
searchmodels/viewmodel/s2008 WENCHUO1JIxx/

Shen Z K, Sun J, Zhang P Z, et al. Slip maxima at fault junctions and rupturing of barriers during the 2008 Wenchuan earthquake. Nat
Geosci, 2009, 2: 718-724

Fielding E J, Sladen A, Li Z, et al. Kinematic fault slip evolution source models of the 2008 M7.9 Wenchuan earthquake in China from
SAR interferometry, GPS and teleseismic analysis and implications for Longmen Shan tectonics. Geophys J Int, 2013, 194: 1138-1166
Wan Y, Shen Z K, Biirgmann R, et al. Fault geometry and slip distribution of the 2008 Mw 7.9 Wenchuan, China earthquake, inferred
from GPS and InSAR measurements. Geophys J Int, 2017, 208: 748-766

Chen Q F, Hua C, Li L, et al. Viscoelastic simulation of deep tectonic deformation of the Longmenshan fault zone and its implication for
strong earthquakes (in Chinese). Chin J Geophys, 2015, 58: 4129-4137 [BRL4E, 4, 255K, SEA. TR I LW 84T TR AL & A8 T8 i 2
RO R HC 5 50 R 3 B (1 SRR AR . bR B4R, 2015, 58: 4129-4137]

Li L, Chen Q F, Niu F L, et al. Quantitative study of the deep deformation along the southern segment of the Xianshuihe fault zone using



iF

.

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

repeating microearthquakes (in Chinese). Chin J Geophys, 2015, 58: 4138-4148 [Z=4k, BRALARE, HRUAK, 45, K] W 2407 m B
AR TG M FEBE ST, HhERY IR, 2015, 58: 4138-4148]

Li L, Chen Q F, Niu F L, et al. Estimates of deep slip rate along the Xiaojiang fault with repeating microearthquake data (in Chinese).
Chin J Geophys, 2013, 56: 3373-3384 [4%4k, BRtffm, #RUbK, 45, JET 32 WUR I/ NI 200 G SR a5y, sk iy B4R,
2013, 56: 3373-3384]

Li L, Niu F, Chen Q F, et al. Postseismic velocity changes along the 2008 M7.9 Wenchuan Earthquake rupture zone revealed by the var-
iations in S coda of repeating events. Geophys J Int, 2017, 208: 1237-1249

He HL, Sun Z M, Wang S Y, et al. Rup ture of the Ms 8.0Wenchuan Earthquake (in Chinese). Seismol Geol, 2008, 30: 359-362 ] 7%
A, PhR, EMIC, S5 BN Ms8.0 iR B, M, 2008, 30: 359-362]

Ma B Q, Zhang S M, Tian Q J, et al. The surface rupture of Wenchuan earthquake (M8.0) (in Chinese). Quat Sci, 2008, 28: 513-517 [
Tk, Rt R, B, 45 sl 8.0 Juth IR MR . UL, 2008, 28: 513-517]

Xu X W, Wen X Z, Yel Q, et al. The Ms8.0 Wenchuan earthquake surface ruptures and its seismogenic structure (in Chinese). Seismol
Geol, 30: 597-629 [#R8fh, W2EE, M, 5. BUI Ms8.0 #iE MR Mk 24 ML L R, MR Hb 5, 2008, 30: 597-629]

Dong S, Zhang Y, Wu Z, et al. Surface rupture and co-seismic displacement produced by the Ms 8.0 Wenchuan Earthquake of May 12th,
2008, Sichuan, China: Eastwards growth of the Qinghai-Tibet Plateau. Acta Geol Sin, 2008, 82: 938-948

Li H B, Fu X F, Van der Woerd J, et al. Co-seisimicsurface rupture and dextral-slip oblique thrusting of the Ms 8.0 Wenchuan earthquake
(in Chinese). Acta Geol Sin, 2008, 82: 1623-1643 [Z=1ff £, fF/1NJ5, Van der Woerd J, 45, 30114052 (Ms8.0) b F 1 24 K I W] 5% 47 e
R VR, HUBTEEAR, 2008, 82: 1623-1643]

Fu B H, Shi P L, Zhang Z W. Spatial characteristics of the surface rupture produced by the Ms 8.0 Wenchuan earthquake using
high-resolution remote sensing imagery (in Chinese). Acta Geol Sin, 2008, 82: 16791687 [f124%, WA, sk, PRI Ms 8.0
R b 7 b e AT (14 08 AR AR AT, MBI 4R, 2008, 82: 1679-1687]

Li Y, Zhou R J, Densmore A L, et al. Surfacerupture and deformation of the Yingxiu-Beichuan fault by the Wenchuan earthquake (in
Chinese). Acta Geol Sin, 2008, 82: 1688-1706 [Z55, JH5 %, Densmore A L, %. M550 Wi i 1t R R 52 TR ARAE. M 2%
i, 2008, 82: 1688-1706]

Liu J, Zhang Z H, Wen L, et al. The Ms 8.0 Wenchuan earthquake co-seismic rupture and its tectonic implications—An out-of-sequence
thrusting event with slip partitioned on multiple faults (in Chinese) Acta Geol Sin, 2008, 82: 1707-1722 [X#f, K& 2, ch, %. &
N 8 G M2 (7] R 5 2R AR R AR At A 18 T8 S —— 2 45 A7 I R [R5 3l 1) S B30 b b R S . ML 2441, 2008, 82: 1707-1722]
Lin A, Ren Z K, Jia D, et al. Co-seismic thrusting rupture and slip distribution produced by the 2008 M 7.9 Wenchuan earthquake, China.
Tectonophysics, 2009, 471: 203-215

Liu-Zeng J, Zhang Z, Wen L, et al. Co-seismic ruptures of the 12 May 2008, Ms 8.0 Wenchuan earthquake, Sichuan: East-west crustal
shortening on oblique, parallel thrusts along the eastern edge of Tibet. Earth Planet Sci Lett, 2009, 286: 355-370

LiHB, SiJ L, Fu X F, et al. Coseismic rupture and maximum displacement of the 2008 Wenchuan earthquake and its tectonic implica-
tions (in Chinese). Quat Sci, 2009, 29: 387-402 [Z=ifF &£, FIZSE, /N, 4. 2008 4501 #h i 6] R W B ARAE | e R B it A 1 3
SCOEB UL HESE, 2009, 29: 387-402]

Xu X W, Chen G H, Yu G H, et al. Reevaluation of surface rupture parameters of the 5-12 Wenchuan earthquake and its tectonic impli-
cation for Tibetan uplift (in Chinese). Chin J Geophys, 2010, 53: 2321-2336 [#:8)1h, BR:4E, TR, % 512 301 Hi 52 i e il 4 3
ARSH FARUE A IE N 24T . HUER Y BR224), 2010, 53: 2321-2336]

Feng G, Jonsson S, Klinger Y. Which fault segments ruptured in the 2008 Wenchuan earthquake and which did not? New evidence from
near-Fault 3D surface displacements derived from SAR image offsets. Bull Seism Soc Am, 2017, 107: 1185-1200

Zhang Y, Feng W P, Xu L S, et al. Spatiotemporal rupture process of the 2008 great Wenchuan earthquake. Sci China Earth Sci, 2009,
52:145-154 [5K 53, WIJTME, #FJ14E, 5. 2008 AEBON U I 25 i 2GS AR b AR A HBERBLEE, 2008, 38: 1186-1194]

Wang W M, Zhao L F, Li J, et al. Rupture process of the Ms8.0 Wenchuan earthquake of Sichuan, China (in Chinese). Chin J Geophys,
2008, 51: 1403-1410 [E TR, B8, 2500, . WO 8.0 Zt e Pt 7. HusRY) BE2# 42, 2008, 51: 1403-1410]

Nishimura N, Yagi Y. Rupture process for May 12, 2008 Sichuan earthquake (preliminary result), 2008. http://www.geol.tsukuba.ac.jp/~
yagi-y/EQ/20080512/index.html

Zhao C P, Chen Z L, Zhou L Q, et al. Rupture process of the Wenchuan M8.0 earthquake of Sichuan China: The segmentation feature.
Chin Sci Bull, 2010, 55: 284-292 [ ¥, PRE L, FMER, 4. B Mw8.0 HHiRR IR RS BT fr BeArfE. BR2Ed i,
2009, 54: 3475-3482]

DuHL, XuLS, Chen Y T. Rupture process of the 2008 great Wenchuan earthquake from the analysis of the Alaska-array data (in Chi-
nese). Chin J Geophys, 2009, 52: 372-378 [fLighk, ¥ 712, BrigZ. FUHBTRLGON & BE ORI 8T 2008 435301 R HE R A AR S 2.
HyBRPI LA, 2009, 52: 372-378]

1929



a4 % B & 20184 7H $£63% F19#

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

1930

Hao K X, Si H, Fujiwara H, et al. Coseismic surface-ruptures and crustal deformations of the 2008 Wenchuan earthquake Mw7.9, China.
Geophys Res Lett, 2009, 36: L11303

Xu'Y, Koper K D, Sufri O, et al. Rupture imaging of the Mw7.9 12 May 2008 Wenchuan earthquake from back projection of teleseismic
P waves. Geochem Geophys Geosyst, 2009, 10: Q04006

Feng G, Hetland E A, Ding X, et al. Coseismic fault slip of the 2008 Mw 7.9 Wenchuan earthquake estimated from InSAR and GPS
measurements. Geophys Res Lett, 2010, 37: L01302

Tong X, Sandwell D T, Fialko Y. Coseismic slip model of the 2008 Wenchuan earthquake derived from joint inversion of interferometric
synthetic aperture radar, GPS, and field data. J Geophys Res, 2010, 115: B04314

Hashimoto M, Enomoto M, Fukushima Y. Coseismic deformation from the 2008 Wenchuan, China, earthquake derived from
ALOS/PALSAR Images. Tectonophysics, 2010, 491: 59-71

Nakamura T, Tsuboi S, Kaneda Y, et al. Rupture process of the 2008 Wenchuan, China earthquake inferred from teleseismic waveform
inversion and forward modeling of broadband seismic waves. Tectonophysics, 2010, 491: 72-84

Zhang H, Ge Z. Tracking the Rupture of the 2008 Wenchuan earthquake by using the relative back-projection method. Bull Seism Soc
Am, 2010, 100: 2551-2560

Xu C, Liu Y, Wen Y, et al. Coseismic slip distribution of the 2008 Mw7.9 Wenchuan earthquake from joint inversion of GPS and InSAR
data. Bull Seism Soc Am, 2010, 100: 2736-2749

Zhang G, Qu C, Shan X, et al. Slip distribution of the 2008 Wenchuan Ms7.9 earthquake by joint inversion from GPS and InSAR meas-
urements: A resolution test study. Geophys J Int, 2011, 186: 207-220

Wang Q, Qiao X J, Lan Q G, et al. Rupture of deep faults in the 2008 Wenchuan earthquake and uplift of the Longmen Shan. Nat Geosci,
2011, 4: 634-640

Wen Y Y, Ma K F, Oglesby D D. Variations in rupture speed, slip amplitude and slip direction during the 2008 Mw 7.9 Wenchuan
earthquake. Geophys J Int, 2012, 190: 379-390

Yagi Y, Nishimura N, Kasahara A. Source process of the 12 May 2008 Wenchuan, China, earthquake determined by waveform inversion
of teleseismic body waves with a data covariance matrix. Earth Planets Space, 2012, 64: e13-el6

Hartzell S, Mendoza C, Ramirez-Guzman L, et al. Rupture history of the 2008 Mw 7.9 Wenchuan, China, earthquake: Evaluation of sep-
arate and joint inversions of geodetic, teleseismic, and strong-motion data. Bull Seism Soc Am, 2013, 103: 353-370

Okuwaki R, Yagi Y. Role of geometric barriers in irregular-rupture evolution during the 2008 Wenchuan earthquake. Geophys J Int,
2018, 212: 1657-1664

Wen Y M, Xu C J, Li Z H, et al. Coseismic and postseismic deformation of the 2008 Wenchuan earthquake from InSAR (in Chinese).
Chin J Geophys, 2014, 57: 1814-1824 [{ii#5 /%, A%, 2RI, 2. InSAR ZY5 R (1 2008 4130 1| #b 7% [ 52 A= S5 IR AR 40 M. HhBk
YIHAEAR, 2014, 57: 1814-1824]

Zheng Y, Liu C L. Towards combining multiple geophysical datasets to determine earthquake source parameters in China. Sci China
Earth Sci, 2016, 59: 2260-2262

Lay T. A review of the rupture characteristics of the 2011 Tohoku-oki Mw9.1 earthquake. Tectonophysics, 2018, 733: 4-16

He HL, Wei Z Y, Shi F, et al. Near-field postseismic deformation along the rupture of 2008 Wenchuan earthquake and its implications
(in Chinese). Chin Sci Bull, 2010, 55: 2535-2541 [fiZHk, B b K, £, 5. BOMRBRT SR 52N L E L. Bl
%, 2010, 55: 1702-1709]

Shao Z, Wang R, Wu Y, et al. Rapid afterslip and short-term viscoelastic relaxation following the 2008 Mw7.9 Wenchuan earthquake.
Earthq Sci, 2011, 24: 163-175

Huang M H, Biirgmann R, Freed A M. Probing the lithospheric rheology across the eastern margin of the Tibetan Plateau. Earth Planet
Sci Lett, 2014, 396: 88-96

Jiang Z, Yuan L, Huang D, et al. Postseismic deformation associated with the 2008 Mw7.9 Wenchuan earthquake, China: Constraining
fault geometry and investigating a detailed spatial distribution of afterslip. J Geodyn, 2017, 112: 12-21

Zhao J, Jiang Z S, Wu Y Q, et al. Study on fault locking and fault slip deficit of the Longmenshan fault zone before the Wenchuan
earthquake (in Chinese). Chin J Geophys, 2012, 55: 2963-2972 [ ¥, VI7E7%, UHISR, &5, 1O o2 w2 1] L by 05 b4) A B8 R i
TR MY, HERY B2, 2012, 55: 2963-2972]

Chen C Y, He J M. Sesimic risk and deformation characteristics of the boundary Faults in the eastern Bayan Har block and its adjacent
regions (in Chinese). Technol Earthq Disaster Prev, 2016, 11: 448-462 [ 2z, B, FLEIVE RIHAR A IS I 48 E Bk i 5 W 478
TERRIE B HOR R fE R e AT R R B E AR, 2016, 11: 448-462]

Li Y H, Hao M, Ji L Y, et al. Fault slip rate and seismic moment deficit on major active faults in mid and south part of the Eastern margin
of Tibet Plateau (in Chinese). Chin J Geophys, 2014, 57: 10621078 [Z=8Hit, MW, F=Riz, 5. FRE AL P RSl F 25 o



106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125
126

127

T Big A MR T 4. HERY 4R, 2014, 57: 1062-1078]

Zhou R J, Li Y, Densmore A L, et al. Active tectonics of the eastern margin of the Tibet Plateau (in Chinese). J Mineral Petrol, 2006, 26:
40-51 128 %, %4255, Densmore A L, &%, 150N EURZIH S E. 5904 17, 2006, 26: 40-51]

Yan L, Li Y, Zhou R J, et al. Estimation of earthquake magnitude and recurrence interval of lager earthquake in the Yingxiu-Beichuan
fault (in Chinese). J Chengdu Univ Technol (Sci Technol Ed), 2011, 38: 29-37 [IF4, 228, F2%, 2. o]l Je Wi B 72
YRR RS R T . WS B TR A 2 M (H SR BLA ), 2011, 38: 29-37]

Ren J J, Zhang S M, Ma B Q, et al. Characteristics and recurrence intervals of large earthquakes along the middle-northern segment of
the Longmenshan fault zone (in Chinese). Acta Seism Sin, 2009, 31: 160-171 HERAS, kit R, D4R, &, BTy hduBek
T SRR 5 S R LA . A2 4R, 2009, 31: 160-171]

Burchfiel B C, Royden L H, Van D Hilst R D, et al. A geological and geophysical context for the Wenchuan earthquake of 12 May 2008,
Sichuan, People’s Republic of China. GSA Today, 2008, 18: 4-11

Xie F R, Zhang Y Q, Zhang X L. Estimation of Wenchuan Ms8.0 earthquake recurrence interval (in Chinese). Technol Earthq Disaster
Prev, 2008, 3: 337-344 [f& {2, AR, &5, W Ms8.0 % ki KRR & MM, RREMEA, 2008, 3:
337-344]

Ran Y, Chen W, Xu X, et al, Paleoseismic events and recurrence interval along the Beichuan-Yingxiu fault of Longmenshan fault zone,
Yingxiu, Sichuan, China. Tectonophysics, 2013, 584: §1-90

Ran Y K, Wang H, Yang H L, et al. Key techniques and several cases analysis in paleoseismic studies in mainland China (4) —Sampling
and event analysis of paleoseismic dating methods (in Chinese). Seismol Geol, 2014, 36: 939-955 [H-EEE, T2, e, % hEK
Bl vty b RIS A DGR AR 5 R R BT (4): T M AR AR R ARE SR AR IR AE A /04 MR BT, 2014, 36: 939-955]

Ren J, Zhang S. Estimation of recurrence interval of large earthquakes on the Central Longmen Shan Fault Zone based on seismic mo-
ment accumulation/release model. Sci World J, 2013, 2013: 458341

Zhu A'Y, Zhang D N, Jiang C S, et al. The numeical simulation of the strain energy density changing rate and strong earthquake recur-
rence interval of the Sichuan-Yunnan block (in Chinese). Seismol Geol, 2015, 37: 906-927 [#l % &, KA T, FH KM, . JI[EMIX H
70 D74 B 5 JRE /A A AR iR 7 R A (] R A BEEBEAEL. R T, 2015, 37: 906-927]

Liu C, Dong P, Shi Y. Recurrence interval of the 2008 Mw7.9 Wenchuan earthquake inferred from geodynamic modelling stress buildup
and release. J Geodynamics, 2017, 110: 1-11

Thompson T B, Plesch A, Shaw J H, et al. Rapid slip-deficit rates at the eastern margin of the Tibetan Plateau prior to the 2008 Mw7.9
Wenchuan earthquake. Geophy Res Lett, 2015, 42: 1677-1684

Working Group on California Earthquake Probabilities. Probabilities of Large Earthquakes in the San Francisco Bay Region, California,
USGS Open-File Report, 1990, Series Number 1053.51

Kurahashi S, Irikura K. Characterized source model for simulating strong ground motions during the 2008 Wenchuan earthquake. Bull
Seism Soc Am, 2010, 100: 2450-2475

Zhang P Z. Investigation methods of active faults (in Chinese). Methodology for Solid Earth Science. Beijing: Science Press, 2013.
923-936 [k IR, HBIWT RN T . BAMERBLA TS T7 . et Blog i, 2013. 923-936]

Li HB, SiJ L, PanJ W. Deformation feature of active fault and recurrence period estimation of large earthquake (in Chinese). Geol Bull
China, 2008, 27: 1968-1991 [ZF¥fiEs, WK, WM, . WHsh W20 AR B RAaE SO R MR 2 & AL 5. b B 4z, 2008, 27:
1968-1991]

Xu X W, Wen X Z, Han Z J, et al. Lushan Ms 7.0 earthquake: A blind reserve-fault earthquake (in Chinese). Chin Sci Bull, 2013, 58:
1887-1893 [, W%, ShPT4E, . WAL 7.0 S0RE: — YU & %02 A0, B8R, 2013, 58: 1887-1893]
Calais E, Freed A, Mattioli G, et al. Transpressional rupture of an unmapped fault during the 2010 Haiti earthquake. Nat Geosci, 2010, 3:
794-799

Dolan J F, Haravitch B D. How well do surface slip measurements track slip at depth in large strike-slip earthquakes? The importance of
fault structural maturity in controlling on-fault slip versus off-fault surface deformation. Earth Planet Sci Lett, 2014, 388: 38—47

Shen C 'Y, Wang Q, Wu Y, et al. GPS inversion of kinematic model of the main boundaries of the rhombus block in Sichuan and Yunnan
(in Chinese). Chin J Geophys, 2002, 45: 352-361 [HE 1, £, Rz, . JINEBEIE R Eh RiZ BB GPS Bt S i 4347
HERY 4, 2002, 45: 352-361]

Evans E. A comprehensive analysis of geodecit slip-rate estimats and uncertainties in California. Bull Seismol Soc Am, 2018, 108: 1-18
Zhang P Z, Deng Q D, Zhang Z Q, et al. Active faults, earthquake hazards and associated geodynamic processes in continental China (in
Chinese). Sci China Earth Sci, 2013, 43: 1607-1620 [#3E 2, MR, WA, . b E KRS MR M2k F K HE i,
hERE: HERERE, 2013, 43: 1607-1620]

Barbot S, Fialko Y, Sandwell D. Effect of a compliant fault zone on the inferred earthquake slip distribution. J Geophys Res, 2008, 113: B06404

1931



a4 % B & 20184 7H $£63% F19#

128 Lay T. Earthquakes: A Chilean surprise. Nature, 2011, 471: 174-175

129  Smith-Konter B R, Sandwell D T, Shearer P. Locking depths estimated from geodesy and seismology along the San Andreas Fault Sys-
tem: Implications for seismic moment release. J Geophys Res: Solid Earth, 2011, 116: B06401

130 Turner R C, Nadeau R M, Biirgmann R. Aseismic slip and fault interaction from repeating earthquakes in the Loma Prieta aftershock
zone. Geophys Res Lett, 2013, 40: 1079-1083

131 Obara K, Kato A. Connecting slow earthquakes to huge earthquakes. Science, 2016, 353: 253-257

132 Thomas A M, Beeler N M, Bletery Q, et al. Using low frequency earthquake families on the San Andreas fault as deep creepmeters. J
Geophys Res, 2018, 123: 457-475

133 Templeton D C, Nadeau R M, Biirgmann R. Distribution of postseismic slip on the Calaveras fault, California, following the 1984 M6.2
Morgan Hill earthquake. Earth Planet Sci Lett, 2009, 277: 1-8

134 Uchida N, Iinuma T, Nadeau R M, et al. Periodic slow slip triggers megathrust zone earthquakes innortheastern Japan. Science, 2016,
351: 488-492

135 Kato A, Fukuda J, Kumazawa T, et al. Accelerated nucleation of the 2014 Iquique, Chile Mw8.2 earthquake. Sci Rep, 2016, 6: 24792

136  England P, Jackson J. Uncharted seismic risk. Nat Geosci, 2011, 4: 348-349

137  Xu X, Deng Q. Nonlinear characteristics of paleoseismicity in China. J Geophys Res, 1996, 101: 6209-6231

1932



P IR

Summary for “2008 4351|3172 557617 Ll i s B R R AL TE I Je 7R

Deep deformation of the Longmenshan fault zone related to the
2008 Wenchuan earthquake

Qi-Fu Chen'** & Le Li*

' Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China;
2 Institutions of Earth Science, Chinese Academy of Sciences, Beijing 100029, China;

3 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China;

* Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China

* Corresponding author, E-mail: chenqf @mail.iggcas.ac.cn

This paper reviews studies of the past ten year related to the crustal deformation of the Longmenshan fault zone (LMSFZ) which was
struck by the M8.0 Wenchuan earthquake on May 12, 2008. The tectonics of the LMSFZ located at the eastern margin of the Tibetan
Plateau is complex, with complicated fault geometry and a heterogeneous velocity structure. The Wenchuan earthquake rupture ex-
tended for about 300 km along the middle and northern segments of the LMSFZ, with a very complicated rupture process involving
multiple sub-events. The Wenchuan slip distribution is characterized by two major slip patches near Hongkou/Yingxiu and Beichuan
with peak slip of 5.0-15.5 m and extended from near the surface to below 20 km depth.

Prior to the Wenchuan earthquake, the LMSFZ had been seismically quiet for several centuries and there were no hints that sug-
gested that such an M8.0 earthquake might strike the area. The long-term geological investigations and short-term geodetic measure-
ments before the Wenchuan earthquake generally agree that the horizontal slip rate along the LMSFZ is no more than 3 mm per year.
The low slip rate observed at the surface around the LMSFZ may not reveal the real state of accumulated strain at depth where the
devastating Wenchuan earthquake nucleated. Rates of aseismic slip at depth derived from seismological investigation of repeating
microearthquakes were found to be approximately twice as large as the interseismic rates inferred from surface GPS and geological
data. Most of the clusters of repeating microearthquakes are located at the edge of locked areas where large coseismic slips were ob-
served during the Wenchuan earthquake, suggesting a close relationship between microearthquakes and impending large earthquakes.
A two-dimensional viscoelastic finite-element model produces a depth-related slip rate pattern around the LMSFZ that is consistent
with that revealed by the seismological observation of repeating earthquakes. The measured in situ deep slip rates increase with depth
and vary from 3.5 to 9.6 mm/a over a depth range of 4-18 km. The seismological observations of deep slip rates and microseismicity
in the three decades before the Wenchuan earthquake reveal that the LMSFZ is indeed not as “quiet” as traditionally assumed in com-
parison with its neighboring fault systems. Considering the deep slip rates (3.5-9.6 mm/a) from the repeating microearthquakes and
coseismic peak offsets of 5.0-15.5 m, the recurrence interval of Wenchuan-like events is estimated to be about 500-4500 years. The
estimated recurrence interval based on the deep slip rates is much smaller than those estimates using the same coseismic displacements
divided by GPS-derived or geological slip rates.

Slip rate increases with depth were also recognized in the Parkfield section of the San Andreas fault zone and in the northeastern
Japan subduction zone before the ruptures of the 2004 Mw6.0 Parkfield earthquake and the 2011 Mw9.0 Tohoku-oki earthquake, re-
spectively. Accelerated slip is thought to have preceded a number of recent large subduction zone earthquakes and the 2008 Wenchuan
earthquake, and repeating earthquakes may document short-term precursory slip at depth. Alternatively, the rapid slip rates indicated
by the repeating microearthquakes may represent transiently accelerated slip preceding the Wenchuan mainshock. We suggest that slip
rates at seismogenic depths are of critical importance in seismic hazard analysis. Repeating earthquakes can be regarded as “deep
creepmeters” that measure the in-sifu deep slip rate on otherwise aseismically slipping faults. For less well defined and widespread
faults within the continents, it is essential to reveal a fault’s or region’s seismic history over different time scale. Combining a better
understanding of earthquake diversity with modern technology is the key to effective and comprehensive hazard mitigation practices.
The potential earthquake hazard of locked faults with unusually high inferred deep slow slip rates should be paid more attention.

The 2008 Wenchuan earthquake is the best-studied continental earthquake to date with a large number of scientific publications
enabled by the vast collected data sets. The research community efforts have provided first-order information about this unexpected
event regarding its coseismic slip distribution and fault geometry. However, there are many remaining questions about the basic nature
of this earthquake to be further constrained with multiple data sets, including the relationship of its rupture with prior coupling and
interseismic creep, the varying dynamical rupture processes with depth, the frequency dependence of seismic radiation across the fault
zone, and the role of multiple postseismic deformation processes.

Wenchuan earthquake, Longmenshan fault zone, deep deformation, repeating earthquakes, seismic hazard,
recurrence interval
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