531 % 2 1 (235 ~244) hOE b E Vol.31 No.2
2015 4£ 6 f EARTHQUAKE RESEARCH IN CHINA Jun. 2015

Ze ik I 52 4R, 2015, Hh 78 R 3 b A M RE 1 BB B 0 S S b i R 0 A K S, b [ MR, 31 (2) 5235
~244,

WREFIHESHRENRRABIE
Xt J 45 P g R RO AT IR B X
DAL TR — X 4 A G R I 81

ZEE ke TR FEE

L7 MR Ry, VR B T B XS B KA 44 5 110034

FE W - e ORI TR 2R IX MR P A Uk, BT RO RE R RN . TE X
DX — 2 B35 K M A v RELIE — B kAl b 2 A HA AT LR M, B AT M
FEFP Ao XM MR R A B AR TR, AR DX IR A T A DR G TR R I 4 R T R K LR35 B
RRAE o A SCRI FH U T AR G 77 10 L 32 i 3 — Wil b X 4 A 5 35 M 7R )3 41 Bk AT T A M R
WF90 R B % P 41 op F 52 M R 1 SR BV ) R U KN S e IR RE AR BE S B AT — e G
P FCH A M (S, 4 i RE T RR R A AR R S U B R A K JRAE 2 AR AT R IU 9 R o v s n
HILE .

KR HMEFY EEHE KFEX BH-BE5

[xE%HS] 10014683 (2015) 02-0235-10 (hEH£EZS] P3I5 ek FriReg] A

0 315

CHEAMRE T 2 AN e L AR AT TR A B R R — B a5 B AR LR 1)
Hu 5 AT, Schaff 45 (2004a) AT UG IR £ BERE X 26 T b 5 7 oE U 204 1A & aliid %
B P TEAH K RE=0. 8. X L8 “F 5 H R 7 K 5= BLLE W )2 0% 42 X (Nadeau et al,
1995 ; Vidale et al, 1994 ; Schaff et al, 1998 ; Rubin, 2002) « #& & ff ¢ 17 ( Wiens et al, 2001 ;
Igarashi et al,2003) DL Az K il #7375 #% H X (Schaff et al,2004a.2004b; Li et al,2007 2009 ; ¥
45,2008 ; 329 1545 ,2010)

BOH A 45 R B, — S8R 2 AR R Y AL Y M R A5 5 i AR A K “B A e 7,
U1 1999 4F % A 7E 4 HHAR 22K (lamit) (9 M 7.6 MRz, 52 i B0 T 45 2 15 a) 85 K 1 U8 1
i VR (1) — R M 2R S O A 2R I T (1 v 0 T, L X 6 M R AR S A v B R A B
(Bouchon et al,2011) ; fit PU3E 5 (2010) A BLAE 2010 4 4 4 14 H LW 7. 1 ¢ E 5 Z i
BT LA BIE 3 ARALL IR T 5 5 3K 26 b 58 R AR 1 Ml R AR R L 4 (2011) [ R R L

[4e#s B #A] 20150228 [f&7E HE] 20150324

U B 2 R0] 3034 Rhbl T M 5 10000 9912 O o B R 5 5 B 00 (2013231028) v 6] M 72 ) 2014 4F JE 72 1 B B
5E 1) T AT 45 (2014010102) 3% [ #% Bl

UEEBN] T8, 22,1967 4, Mg TR, EENRMEHNH . E-mail: 1y1510530@ 163. com



236 = I T+ 31 %

1999 S T WA A2 5 MS. 4 M RZ TR YR I Lt U0 1 1 4 2 S R, L OB AR A
BRI AE T A I B IR B B o X L A M ) A 1) 0 A e SE AR R RS R B UEEE
FEAT T H0 R A RE A R I e T D O A M i v R ) U R IR R B R Ay
JRZ BN AL o B YR N BIE S 4 2 R i L IR AR AL T 455 i 45 T A e
o FRY BRI~ KR AT ) AN RS2 1 Bl Sl s in i SE TR LR H B A+ R X

Schaff % (2004a) 756 504 [ KRG “5 G = 7MLk, “ES ST RS A&
IS 3 A i i P R I R 280 A b 7 W S R T A B AU AR O 7 AR 1) 5 Templeton 45
(2008) LA Ay 111 ™ A Jo) 320 183 52 DKt o mT LA 51 2 g 308 2 g 189 8 s DA TG o 3 T A £ 0 2R GX
L) AT DU RS 4y H S MR T A B ARUA R AR, H A MR T AR B BL I B T T 2 I
Sy B LLAN, kLl g i Bt T DL 3R 4 AT R U, AT O 2 R 0 T ke g i
(Pandolfi et al,2006 ; Johnson et al,2010) .

BRI B v o 5 A W IR A RS N T B 5T B2 18 v By, m RLRGI 2 T
o R AR — 32 £ I ) A I T R A T s IR S s AT I S Al g2 A, (ELAE R T 2 )
B SRS b T SR 3N 52 ) 0 2R A b RE P A AE A 8] O A R AN HRAE 1A R
b TR AE R X A 5 X N G AT A T s AT S AR R S T T AT I R R D B R AR
U AR BATTBE AT LAAE 1 AR/ (R AR B R0 52 380 3 P9 38 1K /N R 30 2l IXAE A — 2 R 8 T R
ST T A I B S B . BT RIAT I 7k — s A A CHE R AR T 5 vk B W %R
SREE SRR AR BT e LA ALY 3 52 e 81 T 2y (1 K /N G 0 A 0 2 K S22 R 3 T
AT AR R A ORI M E

WS — Uit b DX 3T 48 M RE P A R O T R R DX, 8 TP R R ) 22 R X X T
1975 R AR HEIN 7.3 G RE 1999 fE R Azl 5. 4 b iR, 31X 2 M i 8 2 M 4t i RE I A
5 L T ey SRS o B TR (2012) BIF ST Uk XL AT M R R IO 8
A HB DX R Jil 3 M IR 5 ) R A B T R RE . 3T R S B A R I )
1999 4 g 3™ i 8udhs , BUER T 45w I EU 7 A = PR BERE, iz X S M R T o
PO T BRI A 1F o D HE— D 0 i b DXl 5 A B R B AT A AR SR T O B R
T3 VE RS 3K — M X IR k3 MR A HEAT RS M RR AR )R] G AR I SR R B AL
Wi 5 Ly 5 2L s i BT — E A O .

1 B -lHEEXHEEEFT

VI — D B DAL T AR B B JE T b w6 AR G A A AR B R X A DX X I R
AN 35 LU B+ i DX B A AR A5 K 3 B R 5 T BT A NE ) <5 N T BB NW i) 3 3k 9T —
DRV V] W 288 5 v ¥ i Y] K T A 3 T 2 1975 AR IR 7. 3 LM RE R 1999 AR 5. 4 i
S R B R R 53X 2 YRR S S A T R AR B o T K VR TR R 1 AT
R 3 A S JE I S B T A T 1 (T 3 B 4 5 1970 4 LUK /0 = B AU HE 1 4 100km (1)
J0 F PSR A0 A o 3T M DX M B e A 1 M X, 2 I R RIS, — RRR S
JURZE L RAEE, Z I G A 8 A 30 — Il 2 Hh DX M 5 0 3 RS e 1975 4Rk 7. 3 2
SN 1999 FEUMA 5. 4 2 v 5 = #R 2 R FH BT A2 7 Z1 28 AT F5000 B R Dl 4 s DR T T R A A 4
WA AL M X R ) M R T K .



2 4 B HURE Y A1 P T A2 HRE 1 R DU gl 0 S R i M R I IR R X 237

T — b S X MR P S AL B2 B0 N A, NS St R E Ky e T
P P81 I AT AR IR AT IR S0 I AR SCut B A 1970 45 DR 193 7 48 i H b gk
YR A — 5 MUBER T 20K 1 B0 S 25 3R e 40 RIS 98 X i 5 v o 2 1) O G Lo AR
o o 0 4R BN R IR PP S (AR e e KGR M, =35, MR B IR E =100 ik 7
B A E L RR S 3L 6 A, A I 5 v i i 5 R 56 4 SR AT g v R Y 41 2 A, 1T A
3A LA (KD S

*1 1970 F LUK IT 7 i — Ui A i X B9 2 32 3t = 5
BA M, =3.0/
FoooRmETHE - e o XE 180 7
e 2 . % SRR
5 D h vt , R )
Mo

19750202 ~ 19750204 4 122°35°N,40°41°E 632 5.1 17/6  Fisz/55 19750204 4% M7.3 Hb %
2 1988-01-03 ~1988-0222 %+ 123°14°N,40°30°E 404 3.7 3/0 AR5 19880225 Wk M, 5. 2 HiE
319994109 ~19994129 Ui 123°03°N,40°33°E 242 4.4 15/5  FIREJEA) 19994129 Ul M5. 4 Hh7E

20030846 [ AR A jiE Mg5.9
420020430 ~2002-0530 FHL 122°51°N,40°42°E 143 3.9 4/0 T Ik e 41

Hh &

2004-0324 A 5 2R B W i
5 20040307 ~2004-0323 Jfgdk 122°24°N,40°24°E 128 3.5 1/0 T J6 51 )

M5.9 HiE

- o 34F 2Py 500km S H L P

6 20081103 ~20084144 #gd 122°54'N,40°41°E 130 4.8 5/3 S 5 4 e

e 1 o] W, 6 NHLGE F 51 1975 FEig 3k M, 5. 1 Hu 5% 5 51 F1 1999 4E 4 M, 4. 4 Hb 7=
780 K 1 R 7 51 P I Ge 1 2 806 3000 78 17 SRR AE i 2 (9K T4 4%, 2003) , 32738 1 4 I
5] 75 e A1) DR b A o 1988 AR il Ml 72 3 A1) F M AR ARe IE 1 AF 1t 2 5 fHL S 85 sl R O WA
R A AE P A T S T A A P R R R0 2 200km I TR R AR T M52 MU, %% 0 R
YR A W W AT IR R . 20022004 4R 4k 2 A M e 0 1) B R 0K B /N T 3
F 50, AH AR SR EL A 58, P A M R R B =100, e KR df M, =3.5, 2 W LE 7 5 K A G
2515 A F AR A2 HAE B T 49 500.650km [/ 4 52 7 EbK 20 JHE RN 2R 1 BR ARG R AR M
5.9 M, BIIZ 2 NP AIAE — 8 = 0 E#A AT JEREAE - 2008 4 iE IR M, 4. 8 b 7E 41 A e
75 I 28 AN B8 J2 78 e G s 5 b 48K T 20022004 4 i 5 b 7% 17 41 AL 1999 48 it ¢ 1
P AN G S R I R AN DU 74 30 3 4E I JF R & AR v s B R, R 0L 8 8 O b
Ao AR SRAAE Bk 6 AN HLURE Fe A1 b SR BB AR AR “H MR, BRI R T CE A M
7R M R Y A BEAT R IR U R e vk b R BT CE R R I ] BE AR
BT A AR AN I AE R R R AT AR SRR 2 b R LIRS W 3 Sk 5 RS e A b L I R v
ARARLIR) 52 M 52 7 5 BIVRE 5 A2 1) /) 5 e B AR v, T AROWE b e IS g B o X3 X R IR % ]
AE LG — B0 5 e 41 S et B 2 B TR A R

2 “BEEHEFIIAIRA

A SR AL 7 M % £ I 10 BT 1 R % T A 3% SR ) Schaff 45 (2004a) X “H 5 #1787 1)
S8 SCo B “HBRR X 7 2 A 3 A 6 a0 B BB AN R R = 0.8 1 8 PN AR AE (7 B4,
2008) o “HEA MR E AR “2 AR 7, BT AT B AT ABLIK) BT R R R AL R 4R BL



238 hoEH % 31 %

FEABAIR) — 4 b 5% o 6f “TE 52 4 5 7R A 0 R 7 T A 2 Bl — i O A X s ha L7
(Senso lato) b= [ FRHE, B2 A AT — M5 ik L2005 41 ) JLA AT — b 7% Oh “F5 & M 52 X7 56
Fo BV & i (R b 8 2 B2 G R LA mUJR (8 T 1E TR B B H i 2 Al & (R 7] fe i
B UT S B s S “TE A% L7 (senso stricto) b TR I 7 V0 e 0 41 A TR AT — Hb 7 o pF
UG HANEL eI A FMA R ERH RS KR, WELP SRR BT AL “ER
iR 7 R AR AN 3 A G U R R ARG R A =0. 8 I B LU A 1 s ok
Aib AT MR R A IR U SR R AL R S ST i HEAT TR ST b R U IR L AR O ik
N SR A T A T e AR D 3 AN DL U T A % nT R O B ) LA PR
S I S AH E B L 6 T T HCT AR AR S R R AR E G M 1.8 ~2.0; Lok BT ik
by 72 P 2 6E JEAT I A O E S I T & TAE
2.1 ERERMAE

X AN B SRR 6 0 AR T (0SS L AR T R Sl 1 O 00 4 35 i 5 A 2
WO T » B R A7 W g WL 5 oh P 7 AH 20 I BT 45 1 6F - 98 210 4K J5E B3R 852 6 1) (1 1%
ST » T 045 HE A R U A A IR DX 3 R 9 4 K R i R v S 2 o 8, R s 6 56 P B v e
A Sg W R Pg ik FEAHE I 22 10 4 £, Wb SCEEAR BT DU 5 4 3 R e e 41 T I A RE A T
Jii S8 W 7 A S VRN I A T S I A DG R I v B A R O 45, 2008) o 2 I8 IR il kT
B 0 T 1) 22 S R A 55 W 7 ) R R 5 B TG AR DG T ST R BT AR IR ik T AT A O R U
DR A9 A 38 3 b 1) g A 2 FE e U7 3 T e ) K30 20 by 7 5 0 A7 A S 5 e 5 e e A
W S AE s O, S TR TR 2 10 Sl S AT S R RE 0 U AR SO H T R
N Y SP g SEIEEL 1.0 ~ 5. OHz A 8 #& s T %6 47 BB id 3% HL 0.5 ~ 5. OHz 5 i 3§
W o HAHE DG R E S A (R A R % 2R T DLIE B A I D 8 3 B P 15 21 1) AR 5% R HIO R LG R e
(Han et al,2012) , R F P9 iy 52 0T G 7 380 908 0% 38 AT T 16 AR G TE 506 3R 1 45 SR 1% 5% i)
FHAT AT B, AN 3R 5 S B 10% (3% K JPE 25, 2008) 5 e ob “Oy T 7 30 1) 482 4 1149 5 W0 f 00 ) ¢
b b R R T % o AR R 4y 5 IR T AT b R T AR OC E B, DL b SR D RO A
TR IRV B A TAESCBR 10— R & B LS i B o /T U B M DG A sk U
FINALNE " 78 5 AH B 2 DA SR g 5 R AH ¢ R H0 R, SE B 2 5 0 55000 808 o 7 b e SO 3% 8
PB4 L 2 BRSO 18 58 B 0 FF B2 I () 9 4s .
2.2 FEWMHEXITE

VU VGG TIE 5 M R IR g U VE R S RO A G R A T R R S MR
S8 SCIR U BB AT R o ARSCUR B 2 40 M AR U PR 38 T AH OC R ALy BSR4 A X (Bath,
1974)

SEHO -£O1HW -£0]

IS LW -0 ho -0
Rl £ (0 £ () 30— G 2 A AR 950, (D f (0 5
RTS8 o 78S R RS WA £, (1) 5 Py R MBI B 25 2 i 5 U 91 45 AT
25, WA £, (1) 15, (1) G K S I T 5 BT4A B %00 1 3E Py BIBE T ds %5 Pg B0 AL, 8- U0 2)
L ANSHR 0 4 T SR 06 2R ORI K 4 Sk 2 A0 i A 6 R R TS M

(1)

Y




2 4 B HURE Y A1 P T A2 HRE 1 R DU gl 0 S R i M R I IR R X 239

R 0 AP0 SR LT B 16 935 T AR 56 R 8 0. 8 A g B4«
3 B -BE4NMEZHRFIN ESMEHIT

Hi 17308 7 52 & 4 B A0 08 S5 AN 1999 45 4 FF 4 7 H B0 A1l 5% DR AR AT 5T b ifg
Bl — U 6 AN MR e A AR TP A SR B S e FL AT CHE A MR T A R
B JAT A 4 A HURE e 51 BEN8 W L BOB AN R B4 F o AR SCO IR IX 4 A R 17 41 1 3
o 1 P 2R R R AT I L 1) ) R B TR AR ST S, DAY AR MR . MR R X B YR “HE
SR AT A L RE A 3 S 20 (190 SR N 1% AL BB AT R R K = 0. 8 [ 45 1 {H AE S s g
A bl i R ASC 1 AN 5 1) 43 i ¥ 45 S B aE B (UD) [ (9 9 T B0 32847 A0 6o 550, 11X
BT REUR A B A TR 1 AN Ak (EAR A A (2012) XPESE - Uil HBIX 1999 4 6
J1 ~2000 £ 6 ] M, =2.0 [¥] 164 Ytz BEAT BUALALX (K oF 5245 R B, 3 420 BEIAT R R
B A WD 22 5 1K 5 G5 R S 7S R0 R T T 1R A 0% 2R B 2 /N TR ) AR 56 R M 3K B W)
FE 3 A3 S I PR AC 3 I E RS S A] S R Bm /o R, O 1 e AT S R AT U 20R
ARSI 3 T L ) A S UL B o A G Y b R A A ) MR R A LR 2, B
“HEEMRETROE I 1.2, K2 K 1.2 PR LUE A B A R MR T e B

A v B AR AL
=2 B -REINEEHERINPEENEEHEFT
5 iy =95 “HEEHE" N n SR B & /mm
1 19994129 il M5, 4 H 5% 7 5% )% 41 22 248.9
2 2002-0430 iy 35 It 7 7 K ¥ 41 4 89.3
3 2004-03-07 5 3k b 5E 17 Jk 5 51 6 31.8
4 20084144 ¥k M, 4. 8 Hi 7 F¢ 41 0 0

VE R B AN S S B e BF % (Li et al, 2007.2009) 977 480, R LLF LA B 08 S se R B/ M, R &
K LogM, = 16.1 +1.5M, (Hanks et al, 1979) i+ 53725 M, ; SR o 7245 Mo 7% N 1) B Ao %2 b 5 B (BMPa) (941 1, %
F [0 A T A S M R I AR - = (TM, /16A0)' (Kanamori et al, 1975) ; J5; J5 AR 48 3 7% J6 160 52 SCOK V- 55 197 )2
B d = My/uar®, WA UIBR o = 3 x 10'°N/m® 47347

T2 T AR 4 A HRE A, 1999 4 Uil Hh RS 41 2002 4E i i b 7% 7 51 R 2004 4
T3k 72 P A0 B O MR n=4 1) MR 7R A1), MU 2008 AR M 4. 8 B Y A %
A ELME TS A EEHETR 3 AT KRR R S R LA 5 UL BT
b R R A MEAR AT CHE R L RE I 2008 4 U R R S AE 3 4E N R L B R A T
HuRE S S T AN A A0S IR S S8 T M Y A WA B IR R S R 3 A A
s e A R AR R RN BB KM 5 S b i e R R R B A 8 I A Gk, Horp 1999 4
il 5 b 5% 7 51 7 AR K SRR Bl iR K O 248, 9mm, BEBH IL S I A M5, 4 HE LT R AR
J7 50 J M R AR 152002 4F i 4 e RE A rh CHE S R T BCH BUR KR 4 A B i TR G X
R AR B iR 89. 3mm, P JF 2R K AEAE MK A0 HE I M (5.9 HiRE RE 44 500km ;2004
SEUFIT A 1 B AW SR N, AR 31, 8mm, P ORGSR () 49 5L BR BB 0 I M5, 9 M E E
b 5 378, 29 650km (8] 3) .

1999 4Elf 7 M5, 4 M R Ry P ol “E R HE AN S 2 1 1 AaH22 A~ M, =1. 8



240 b E O R 31 %

B /NGE S BT R G sk B 3L 20 AN bR B8 o 6 L A A MR EAT WS B = I TE
LI BB SR M5, 4 M RE 2 BT A F) 248, 9mm, IE I B S iR R % (K 4) .
ZIT AN 1999 £ 11 H 9 HIFUA % 29 H k4 £ 75, Harm RFgkin 20 K, fr /g 21 “5E 2
=7 A 5 R R AT AR R S BRI B, 5 A AN 3 AN AIMI L “E R MR R R L, R R
B 0] 5 A B I ] 90 4 A% 7 3 5% 0 e 3B S 1 on J B0 52 45 i SR AR AE .

20022004 Fifg I 2 A 235 1 RE 7 50 T 4 B 3 Ok R s RE 2 W, Al R AE T 4
AF6 A “EGHE T, HPIE W 2 Fros. 2002 A 4 A CHE S HE 7 K AETE R — R
(2002 44 H 30 H)» 3 A3 ZAKFHERM 1 A2 HK-FHEAR R =EN
89. 3mm ;2004 474 6 A T HUE TR AAE 10 RZ N RE A AR, IL BB B & A
31.8mmo IX 2 AN H BN A A S AR S M5, 9 b RE AR S ERBRIL i M5 9 Mg
TR E X

L B NSRBI 1999 4Edh 5. 4 G0 R 7 51 v i T 52 M R 7 K]



2 4 B HURE Y A1 P T A2 HRE 1 R DU gl 0 S R i M R I IR R X 241

2 2APAI T R R O B
(a) Wl 590 S ) 2004 453 1 7 ~24 HHESB AR 7 51 P il 6 ARk
(b) Ui & d Sk B 2002 4F 4 1 30 gt e 410 i 4 AR

4 GRS

A SCIE I IR - il s o X 4 A
3 MR Y A 1) “E M RE R AR HEAT
I G R, 1999 4F il % M.5.4.2003
A AR ST M5, 912004 4F R 1 BRI
JE M5.9 HbRE WM - il X R
A I 3 bR B b A AT O
FEAH AL I “HE 52 b 5B 7 ¥ 41, 1999
SR M. 4 MR E A A MR K3 3A“EEME" TN EBES)
HOSCH B % 7 B 2 B 5 R S 7 0 0 R B 1 6 R
JAE 5% A B T Bl T I %,
FREAE Y A s A s DT 2% 7 A1 I T S 0 BT R Y A1 . 20022004 4 I 1 2 K L
5% ) A IR RE 2 500.650km 1) P4 52 i B AR A R AR 5 BR R0 HE 4y 0 K AR M5 9 MR, TR
I 2 AP AIAE— e B X B8 TRrIE 4. AT AE 2008 4 3k M 5% 7 410 vh % A $R 3] “E R
27, B3 AR AR G A1 JE I R R A v s M R DR T O 4 A R I R R 11
AR S 8 TP A . FIRFES SR, A CHE S HL R T 8 TR B A o Tk
S Al H 3 AN A A R R AR B R R R KM 5 R s R R A AT



242 = I T+ 31 %

Bl 4 1999 4E A M5 4 MRl E R T HUE 7 8 I R R Eh il £ (a)
K M~ & (b) (#F Li 2% (2011) )
TR AL i 2 RIS 0 B ATk, R HCh m=0.57 <1

SE (AR G JF H SR 3l f K R 302 2t 3 30 s B G I, T b Ok AR v s b RE V) A
B A1 AL 7 g

CHEAME W T AGRALE AR W T, R DR AT A, T B S e A R W )2 —
SER B RFALE . SEEG M E R BIF ST AR W M e e AR W AR IR R R R /N DX A B R AR S
Z I S BRI E M S s AR b, 78 Mo 7E 2 Bt w] B8 00 I 2 J5 T RE UF %
JE 30— 3% A B I ) AN BT B A T, FE R I T S B A . AR T D A A R
=R 2T B g AR A W A — H % 2 4+ (Ellsworth et al, 1995) , 41 B 2 i< kK 4B 3)
SRAG B A KT R AG AL A K B AT A BTS2 b BRI 55 b R I ok DA K e A RF 2R 2 % K B I T
(Abercrombie et al,1995) , X 46 ] U AL A ST W G 4 AN ZE B R AF 5T 72 ) B2 M R 2
AN o AEAE — SERE B Fy 36 L DX A VAR I — Uil D, HAT S MR T RN ) R A
e TR O BE AR ILAT SN W o A TSR — i b X R R Y R T B AE S
Jr P 1 7 T S B o O A AN W B R 2 (R RR A R 5

B B R ) M ER ) B AT T S G KBTI B CE R MR VU R M B R TR S SO P [ R R
b 1R A BT 5 BT 44 A T 9 52 A T AT S U 55 77 1l i A B, ST T A MR R B T R0 3 U 1 0 R
T A v AT UL N0 5 5 S T A B A R AR A SCR R IE AN B

S % Tk

HE A B R A, 2008, R M X T A2 M R R R L AR DX R 6 90 AR S DT 6 K R R A B AR
51(3),817 ~827.



2 4 B HURE Y 41 P T AT R 1 B AU Sl e 0 4 v o R 1) R R Y 243

BN, 2012 “TEAIHLGEE VAT TR A ) B ———1999 4Rl H R R A KL T KR R N AT S T 2 i 30, 28 ~
28, b 5t o [ i 7R R M Bk BT ST

P S E R K NESE 2008, T IZ 7 DI = & 90 20 B IR R MR 7 MR 244 30 (4) ;383 ~396.

FLVYE  F AV 451 ,2010,2010 4F 4 14 H KRR AN 10RE MR P 52, of [ R D 4,40 (5) , 535 ~ 537,

P FE R RS 2010, 3 ST U MR A BT AT HY, o E 2,26 (1) ,23 ~33.

FE TSR R RS2 A 2012, 15 308 7 A M R N ) S O 4R R K L TR R i 7R A 4, 34 (4) 1487 ~ 493,

R LR PR B X0 A< 555 2003 , T 5 e 41 84 B A U U v K B A BB SR R SUE AT AR B BF AT, 19 (1) 534 ~ 40,

Abercrombie R E, Agnew D C, Wyatt F K, 1995, Testing a model of earthquake nucleation, Bull Seism Soc Am,85 (6) , 1873
~1878.

Bath M, 1974, Spectral analysis in geophysics, Amsterdam: Elsevier Scientific Publishing Company,87 ~94.

Bouchon M, Karabulut H, Aktar M, et al, 2011, Extended Nucleation of the 1999 M7.6 Izmit Earthquak, Science, 331, 877
~880.

Ellsworth W L, Beroza G C,1995, Seismic evidence for an earthquake nucleation phase, Science,268,851 ~855.

Hanks T C, Kanamori H,1979, A moment magnitude scale,] Geophys Res, 84,2348 ~2350.

Han L B,Wu Z L,Li Y T, et al,2012, Cross—correlation coefficients for the study of repeating earthquakes: an investigation of two
empirical assumptions/conventions in seismological interpretation practice, PAGEOPH, 171 (3) ,425 ~437.

Igarashi T, Matsuzawa T, Hasegawa T, 2003, Repeating earthquakes and interpolate aseismic slip in the northeastern Japan
subduction zone, ] Geophys Res,108 (B5) ,2249.

Johnson J H, Rejean S, Savage M K, et al, 2010, Anisotropy, repeating earthquakes, and seismicity associated with the 2008
eruption of Okmok volcano, Alaska,] Geophys Res,115, B00B04, doi:10. 1029 /2009JB006991.

Kanamori H, Anderson D L, 1975, Theoretical basis for some empirical relations in seismology, Bull Seism Soc Am, 65, 1073
~1095.

Li L, Chen Q F, Cheng X, et al,2007, Spatial clustering and repeating of seismic events observed along the 1976 Tangshan fault,
north China, Geophys Res Lett,34,1.23309, doi:10. 1029 /2007 GL031594.

Li L, Chen Q F,Niu F L, et al,2009, Slip rate along the Lijiang-Ninglang fault zone estimated from repeating microearthquakes,
Chinese Science Bulletin, 54,447 ~455.

Li Y T, Wu Z L, Peng H S, et al, 2011, Timedapse slip variation associated with a medium-size earthquake revealed by
“repeating” micro-earthquakes: the 1999 Xiuyan, Liaoning, My = 5.4 earthquake, Nat Hazards Earth Syst Sci, 11, 1969
~1981.

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

Pandolfi D, Bean C J, Saccorott G,2006, Coda wave interferometric detection of seismic velocity changes associated with the 1999
M =3.6 event at Mt Vesuvius, ] Geophys Res,33,1.06306.

Rubin A M,2002, Using repeating earthquakes to correct high—precision earthquake catalogs for time-dependent station delays, Bull
Seism Soc Am,92,1647 ~1659.

Schaff D P, Beroza G C, Shaw B E, 1998, Postseismic response of repeating aftershocks, Geophys Res Lett, 25,4549 ~4552.

Schaff D P, Richards P G,2004a, Repeating seismic events in China, Science,303,1176 ~1178.

Schaff D P, Richards P G,2004b, Lg-Wave Cross correlation and double-difference location: application to the 1999 Xiuyan,
China, Sequence, Bull Seism Soc Am, 94,867 ~879.

Templeton D C, Nadeau R M, Biirgmann R, 2008, Behavior of repeating earthquake sequences in central California and the
implications for subsurface fault creep, Bull Seism Soc Am,98 (1) ,14.

Vidale J E, Ellsworth W L, Cole A, et al, 1994, Variations in rupture process with recurrence interval in a repeated small
earthquake, Nature, 368,624 ~ 626.

Wiens D A, Snider N O, 2001, Repeating deep earthquakes: evidence for fault reactivation at great depth, Science, 293, 1463
~1466.



244 hOE W E 31 %

The precursory significance of cumulative slip of repea-ting
earthquake sequences prior to moderately strong earthquakes

——A case study of 4 remarkable earthquake sequences of Haicheng—Xiuyan

Li Yutong Zhang Bo Wang Liang Li Tongxia

Earthquake Administration of Liaoning Province, Shenyang 110034, China

Abstract The Haicheng—Xiuyan region is an earthquake—prone area in Liaoning Province where
earthquake sequences occurred frequently and is regarded to the regional seismic window. In this
area we found many earthquake events with the highest waveform similarity in the records of the
same station from some remarkable seismic sequences, namely repeating earthquake sequences.

In principle rupture areas of the repeating events overlap with each other and are the most closely
located. Therefore, these events may reflect the seismic process near the earthquake fault. In this
paper, we identified 4 remarkable earthquake sequences of Haicheng—Xiuyan by waveform cross—
correlation. The result shows that the cumulative slip of repeating earthquakes is related with
moderately strong earthquakes, among which Xiuyan M/5.4 foreshock sequences has the most
strong and apparent pre-shock accelerating-like slip behavior.

Key words: Earthquake sequence Repeating earthquake Waveform correlation

Haicheng—Xiuyan



