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Fig. 2 The sketch map of the location of the
hypocenters of the six strong earthquakes
investigated in this study in Qilian —

Haiyuan Fault and their time migration
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Tab. 2  Strong earthquake source and rupture parameters used in this study
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2 1927 -05-23 iR M8.0 IR 80 270  (37.4°N,104.3°E)  (37.4°N,102.2°E) 2349 225 4.00
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Fig. 3 The co-seismic dislocations (a) and the post — seismic viscoelastic relaxation (b) of coulomb stress

changes on the fault plan of the 1927 Gulang earthquake associated with the 1920 Haiyuan earthquake
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Fig. 4 Cumulative coulomb stress changes caused by the post-seismic viscoelastic relaxation of previous strong
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earthquakes in the Qilian — Haiyuan Fault and its adjacent region since 1920 ((D to ® are 1920 Haiyuan
earthquake, 1927 Gulang earthquake, 1932 Changma earthquake, 1954 Shandan earthquake,
1954 Minqin earthquake and 1990 Gonghe earthquake respectively)

(a) coulomb stress changes on the 1932 Changma earthquake fault plane associated with the post-seismic viscoelastic relaxation of the
1920 Haiyuan earthquake and the 1927 Gulang earthquake; (b) coulomb stress changes on the 1954 Shandan earthquake fault plane
associated with the post-seismic viscoelastic relaxation of three strong earthquakes before 1954 Shandan earthquake; (c¢) coulomb
stress changes on the 1954 Minqin earthquake fault plane associated with the post-seismic viscoelastic relaxation of four strong
earthquakes before 1954 Mingin earthquake; (d) coulomb stress changes on the 1990 Gonghe earthquake fault plane associated

with the post-seismic viscoelastic relaxation of four strong earthquakes before 1990 Gonghe earthquake



560 WoE B % 39 %

3.3 BHWNRWEZESHERELCKN

YRR SAPEA P A (R 1) K6 RIRER
RURRERD (F2), EHTE T H0E— 5 S H
T IXIR 1920 42 Z2= A A R R R 2
N IREm, AR E NG WA (F) . %
WALk gy (F,) KoS#iWzdad (Fy) 3 4
WrEdiy (BSR4, 2009) , f BFRN J) A8 Ak 4%

R 3 AW 20N A TR AR R b, MG
* 3. hES ATLUE N, LRGSR
AT X 1920 ~ 1990 4EAY 6 YRR 5E 24 1Y R

BE Sy, PHZRIGAEG T 244 (F,)  H FirAL Ry
B, N R (Fy)  H AT T 5 0 2
X, WARE ILILG W2 (F, ) BRE A0 T 1
HIZ X

R3 AHRITER 3 FHRENEBEREBRRE (RKHE) S8

Tab.3 Receiver fault plane parameter of the three boundary faults in this study

A1 i

s

H5 K2 24 Bk 8 J2 9 4 L) EZ PN
/() /() /(%)

F, AR L AL gy 120 79 50 (40.0°N,96.9°E)  (37.8°N,101.6°E) DB

F, PHZE IS b 2 W sty 104 60 15 (35.3°N,102.7°E)  (34.3°N,106.9°E) @6

Fy AN AL T 156 60 70 (36.3°N,105.9°E)  (35.3°N,106.4°E) @G

e OMBIRE (2013); QXIMIESE (2014); W EE (2007); @FEAHE (2013); OFFLEFHE (2011); @©FmE
(2013) .
94 9698 100 102 104 106° 108" o4E 96 9%

100° 102° 104° 106° 108° 94°E 96° 98°
42°N T

"S5 ARE—
B (F,) (b).

Fig. 5 Cumulative coulomb stress changes on the north Qilian — Mountain Fault (F,) (a),

Western — Qinling Fault (F,) (b),

R B LXK 3K 6 RARE B 1920 F £ 4

100° 102° 104" 106" 108° MPa
, — 42N 4 10.00

- 1.00
- 0.10
- 0.01
L 0.00

- —0.01

- —0.10
- —1.00

-—10.00

EARE LG L (F,) (a)., &A%k

SELBEF (F,) (¢) LHERELEATH (D~OFRE4)

the north

Liupan — Mountain Fault (F;) (c¢) caused by the

all the six earthquakes in the Qilian — Haiyuan Fault and its adjacent area since

1920 (the illustration of D to (6) are same as in Fig. 4)

4 e

RESRPETR M 7 7 W A8 BR R R I g 8 Ak i
Ferp HA B R, SRR B B B2 B AL
JERRPER) e B ARz B, T H L e
TEHLER N AR ELOC IR B ELAR . A i A
BORBIR ) 7= 2 ik 2, B ey
Bz s b b7 fE e 2L 7 1y, (BRGSE RY T
W5tz Bt e T AT B 2808 o DR P

A BRI 5 58 7% & A J5 BUAE 2 80 AF RUBE 1 )
FERVEA AT RE T LR FLAL I B AR, IREZ R
AR E A T —EMIES (PhIERESE, 2003;
Tk §i 4%, 2007; HE & NISE, 2008, 20105 F24E
a5 2011; BV, 2013; #im, 2013), A
F5E 3T R A B AR BRI 45 HH Maxwell {4
(A FE T FE R Burgers (R ) —FP AL IE 20, B
T Burgers /KRB I35 Maxwell /TG 5 BLRE 5 1B
AR A AR B AR AR R A, JREE A iR R R
PRI K% PSGRN/PSCMP B FEF, SCPl T RIS



5 4 1]

d AR A SRR R 5 P 1V ) T AR 5 561

— A B[R] s 5 5 e ) LR R R i ) R E £
17 ) SRR A

T 9e e AR AU 2o e 0 e HLORPE R, Herh
— LEGR R A I 23 8] B O T, XA RS R Y
s AR AL T ARG BRI, 1927 4R IR IR Y
e TP BT 1920 AR I R A9 RS gk X (1
3), BERHAGHR AR B (KRR,
EHIERE, 2001) o ASHITSEHE TR PR BT 45 1
ATH A R W A 4 L, VR I D 7 [R] 7% R W 7
TR ML ER B YA S BT A, B R R fih K 1
B (K 3a), MWAREMNI R, SRR E
DAL NS, Ty R 1 ok & BAE (B 3b, Tk
85, 2007) o SEBR b, R TR R AR A A R
e AR TS S TG, BUAR i U e B O
DR B — R R 8, A SO T AR R
T IO R A O R AR T, BB LN g e [E]
BIR (e MKPEFR 2 sh s th By R A= TR S s K
B2 i zs [, 1932 4F 8 o R FE IR MR 1)
ZE (AR RS 500 km, SEEARSCHITHR AR, RE
SERIN TN, AH B By R A2 B v IR M R 1Y fid
CEW (18 4a), X — 5 TIKEESE (2007) 1Y
“ XL A K" AZEIE—2.

1954 A 1 PR B Y B B e o 24 400 km,
FURR e )5 72 72 P o i 400 km,  [R]4F 2 A2 ) R
R P VR R R IR M R R v 43031 220 km
1240 km, [REMHIFZW 22 7 Z AT 4 KRR
A3 fih A AR (P 4e) T L) s A7 g J—
HRAE S EILE N XA (K4a, b)), 71
AKHEAE (2007) $5i, RBYHIRR KA TE I R
AR MR WZ B VYL, 7 T3 PR b = 19 1% )
S, R B A S T T 2 R K A A
PRS2 X /N, e iy H i v i BB C R
BLJINIE, X —2bd Rl 3, (8 4b, ¢ s n]
AT LIRSS, dytetde al LAUEB, 07 77 SRR A 2
— /IR 25 ] 3 AR B A Be Ak, BB M
e R A A TR DM R A o VR M R R S Y 34 AR 27
AR, SEPRL, Burgers (R4 BRI 1L R £ 10
~30 AEIF ], S 3N IS ] PR 3 8] A 3] I ] 2k
PERS SIS I (HRENISE, 2007)

1990 4534711 3 7% A A A8 AR 3 —V iy 1) B 3
DX, PRI X — Y R B LR 29 470 km,
P VAT YR M 5 VAR SR 23 33 8 250 km AT 420 km,

HALFH 52y BB b 72 Jim 4R 1B I Bl DX
500 km Ji [l PN B[] e 1) 1 R ARG 3 (1812)
SR AR X I R - Y 36 AR 22 ), {ELAT)
SR ZHT S YRR LR A RPN, N il A
ERIE 2 (18 4d) . Tk S (2007) W45,
SERIHAR O, T, IR B A W RITAR 22 M R Y

M IX, GZREMEZEIL, BARKN
TN BAE AT FN T 52 D)y, M AR R A i R AR

NI AR . X A SCEG TR AE SR, oA
I M7, 5 B FIHR > M7, 0 Hi %4y 9 & Ak T 1937
AR 1963 AT, AHEE T JE—ty YR R 5 L R
2970 R[] BB, IR 25k,
VD —rhy 7R b 7 6 S R b 7R ) K T o R )
B (K 4c, d), 1AM, BT Maxwell & JC %5
PR 5 B B ] A PR 48, W) 70 4R ) SRR A
(R, T Maxwell {ARBRLTH545 2] /B AR 59
W] B2 /N T Burgers (KA THH 455 (BRENIAE,
2007) .

TF 58 L — DX el Iy o0 o i 0 Ty v A R, —
T AT LA A 5 AR R TS ik O R, O —J AT
LR J] 1 DB J2 17 g SR RIS 00 T o 5 A 6 1 45
E T AE R IR, L, ARCHHT 3 &H
FRT)Z A 1920 4F 2 40 RREC N JI52m, 45
FH, ANEINWT A (F,) 24%% T R 2
BN Sm#k, B Ldb g #day (F,) A
ZR) RN Sk, M EBILg B (F,)
WPBH G b F N H X (B 5). KRk %
(2013) X 7 78 i J AR b 2% 5 5 A8 B P 43 Bt 1
W, VIR ST R M R 2 S T AR — AL T
VAR L= s LA = A T T T S T = o 2 30 T
A EA b T SR 1 T 3 R D S M R R ) 1Y) 3 ]
I IE=ANA R RN PR Ol AT RV W N L
o2 R VALY 3 5 AR A [T S L B DX
FLVGZE 05 b 2% Wi 28 07 B A0 XTHR RS, 76 R b V5 45
(2013) it gh b 52 ) 2008 3501 M(8. 0 i
(R T I AE FH B S, R R X i W 2445 19 1o ) R
FWETE, T8 A0 bR 52

SEBR b, R R AN UR i R R S 2 A
AT B R RE PN S 32— Sl R B 3 X R ) B S
— R IR B, SEPR SR T R R DA AR
YUARBE A i e — KRG 8, Ix X IR E A M=
7.0 MR E#HEIT 25 4E, M7 LI T /E4L (2012)



562 SIS T 39 &
TESEXS R AL M AR A T — KW R FE S R ME AT B IRASE SR A R

%EH‘ ’ *E'L-H Tﬁﬁm mﬁ_ﬁ%wﬁ&$ﬂ@%m\ 94°E 96° 98° 100° 102° 104° 106° 108°
AL ST 24 T —TU BN 2 AR 10 4F KRS 4 i ] S L 2

P TRAE R ML= S I IX, - HG Hp I 288l 23 B B 114
R R E LA R BN R BT, X LM
A SR A B S I T AL T R A R R T
—FHHE AR T I

gZiale, 7 LUK, 3 A HAREIZE 8- i
NI B R B W N R R A, (HAR
BEdbg W 2 (F) M/NRRERImE R, 7
PRI BT 5 W A0 /N R B, I 7R T BT 2R
Beal eI, 455K Sa nlE i, F, ZRimdf o
T332 BN T RSN SIINEE R 5 ST (F))
(8 /INRR TR B2 51 THT T S22 B 40 /DN R A Y 9 LA 0
ANELIRPE Qi e, A8 52 BN 0 Indomn B B W 2
INEYSEYX:-DaRivh A0 N 7 -4 s VL) )
REAZE R MRSl Ry (F,) mARTE
ABFFER T AE R AL T X, (HHNE
GIERI A R AEAR B o T — AU A/ =S
Be, @GBS (2013) 45 HBIZB R 245
SERNE ST NG W, AR o R PG % I b Gk Wy R
(Fy) MR RERBGRRER PRI IE, 5 2% 18I
NIRRT PR b, W7 20 b e A B 1 = 22
WO T AR B R 1 AR BOKF, RAT 2435 2 il A

(a) ) KB/ km
0 —2 SQ;E%IF—JT_’ Joo 150 200 - __250 ﬁﬁ'ﬁ-ﬁ{soo "3"’30’5120 )400 450 500 2012 4
. .’m- Dh FCOON .,o.)-».','.' (.9)?.@4}?0 « @;‘m@. & % a3 = o T ',\.@‘\. T E

5t ’_0~\.Q,,.\_~ @.’% S.% L PN :"076'-»00“ .ge.. g ® ;‘;iddggbg ® G'."' 0.¥ *

g 10 oo Seis o s ©9.95

=~ % 'GP') .

e o8

b U

4

e ,.... J &Sy
=y

) -QW} o
£ 3%

38

322

B6 1970 ~2012 & AAF5F 3 & B AR
B BRI R IR M, =3.0 #E
(FPERES R P EALER)

Fig. 6  Distributions of the M| =3. 0 earthquakes along
the 3 boundary faults and their adjacent region
from 1970 to 2012 in this study (relocation
results of the earthquake from China

Earthquake Network Center)

BE [ km

Bl e <M20

o M2029 @ M3039 @ Ma0-49 @ >M50

B 7

1970 ~2012 F B AR L RLB RS (F) (a), SASLEKBES (F,) (b), AELBEF
(F,) (c) 3 & BARBEZ AN M, =0.0 MEREHNGE (PEWESR P U ElisR)

Fig. 7 Distributions of focal depth profiles of M; =0. 0 small earthquakes from 1970 to 2012 along the

traces of the 3 boundary faults, such as the north Qilian — Mountain Fault (F,) (a), the north
Western — Qinling Fault (F,) (b), Liupan — Mountain Fault (F,;) (¢) (relocation
results of the earthquake from China Earthquake Network Center)



5 4 1] RS AR R

Y R P O T T AR AE AT 5 563

5 &g

ARSI T Burgers (4K 2 ) R A
B, P T FGE XN 6 YA O 41 1 ik 3
R IO FRFIBTZ 0, 3500 R4 1920
EIEIRAE S T 1927 AP IR AR NG K2k, AR
JFi 7 ARG BB B R M R A
IR b B 1954 4R R BYHLAE AN 1990 S0
MR 2 WTRAZ Y REUNBR ;7 1l i
HEALT BB AR X, 45 A5 M2 1 3 P 1 /1
FRBRAPURIE BT, 3578 AR SRR AT R /D
HRHE LI 2R 0T 24 060 4% B 2 B 7 4 L
PHBILRAS, o T LI A2 60 960, 1 Xt 7
S BT 24 A B 04536

IR A7 S A BT K 3D A5 ) ik
FORS I 2 T fo 2 42 0 3 o 5 1 PR AR
%, BN A5 LI i K 1 S 52 2 R
FEIRUSERG BT, T 30 5 1 7 filh 5 £ % 5 1 g e
WA AT R, (ELR 0 ) fih % PR 6
i )RR AR (DR TE B, 20035 BB A I
2007) , FAU% T H I RHMERS IOACRE, AR
LR LA DR 6 505 A 3
U R 0 ) 2 B 1 K S 1 £ 1
THRBUN (BES, 2011) . K, 1641837
2 BB W O, 5 I B 0197 58 L
eI Rk S B0, B 4 RUBE 975 o
SR N 6 2 3k e P 5
f A M 00 5 1 S SR 5 2 M A, R
FIEREE 1 #4252 50 R0 A2 1O B, {4 7% 1)
PR Y B, ST 6] 03 7 2 2R B (503 i 1
TIRMEAL AR, LA WR AL 3 4
B, 5T I b T B, EAS B i) B
SR BT I FLAR A 00 PR 8 7 19 80 77 f 28 5
U i LR 2 LA G

TR G R, MO BRI R B P S
PRI A P, 450700 205 0L B i B 2 2
SR R R R, FLR [ 27 A 2
I S 5 A A T 2 57
RIS 45 RAF A — i 22 R TE R, B
R 0 J2 1 3 ok T 4D 532 SR S
MU R R R 5 M R 0 S AT K

BEXITTIE G5 S 59 70 Mt ol 2545 o R 3% 3l 1k 595 R
BT P BUIR S 1 %5 1, AR SCEE 5 /N i il it
r 7o B 22, R BIBEIE T AR BEAT 5 I
ARIRVY, MEEREFIH TR RENE T,
-5 ERRWE A WAL G AT LA Tk (O
KA, 2005) , ARABREEW BN LS AW
Hofi BN ) BB AT A A5 R PR I — A T
2%,

AXAERBERY, ZRAN L, RERH
+ KRR LG ERREMERT LS T ®
STTHSAENOR TR, FEiEAHRE;
*EF AL FAS E RAT B e85 BOE B — R T R

SE A

Mom i, H U7 JT k4 2013, F5 5 IR A 0% 4 A0 s o o W
WK R BN 0 )3 AR AR AL R B M o T [ D] ARk 2
AR (HERRLERR) ,43(2) 1494 - 505.

TR, XUAS, B TZE4E . 2011, 1997 48 LIk B s i e 4 B 2R 50 78 2
B R B M R A ST [ T ] MR B2 4,54 (8) :1997 - 2010.

AR, EHTE, FEAS . 2014, 3558 i b 72 176 Bl RRAE K2 X 5 b 52 0 3
T[], HBk P 3E2E4 57 (7) 2025 -2042.

XEALIR , IR, T REAE . 2002, v (I3 B iy 3 BEACRRIE [ ], i
Bz HEREL2E 32(12) 1020 - 1030.

HIRT . 2007. 1954 A1 PRI [ M. 220« 22 K2 s ik,
56 —198.
EAEAE B BA AR . 2001, 75 B SR L 20 5 il TR L B oK
AR EAE I 12400 [T ] MbFR M, 23 (1) 35 - 42.
SR KR . 1963 E BN 0N M RR A AR B AR [ )] HuBk Y B AR
#2,12(1) ;118 - 120.

HRPTR R A, T K . 2003, 172 1) EAE £ FH 5 R ik R AL
[J]. ERE,19(1) .67 -76.

FBEA PRI RE , E IR R . 2010. 1990 435 i 4L A1 7. 0 44 Hh 7R 78 Je 5 1.
TEAETRFE[T]. M=) ,32(5) :557 - 569.

FARERIH , /N RITTE L 2009, KRR HLRE N 2 e L AR T Bl W i
BNk RAE[T]. RS ,32(4) :357 - 365.

2R VTAERR, BCHESRSE . 2013, I JF—N 4% 111 b7 247 044 1 A T
FRAELD]. KA 5 Bk B F7 24,33 (2) 118 -22.

XUEESE , ARFE . 2000. 1976 47 F 28 H 1L 7. 8 Z b 78 fil & 1 IX.
B R R B AERRL 1 7B AT ] bR A ,22(1) 117 - 26.

KUAESE , FEAERE . 2001, I SR Hi AR X i 1R A HiL RS A 7 2 1) o 2 1F 5
[T]. BRI FRFH 44 (H4F) 1) :107 - 115.

KUDHE , 52T BH  A] SCHE . 2014, 3% L Jb 2k B i Je —£1 5 7 I 24 ol
HRFAERI AW T]. BRPEELA ,9(3) :411 -419.

B3 PR ] SCHRAE L 2010, 1954 AEH A LLPE 7 24 4% Ml 7% R
W] AP A,5(2) 185 - 198.

IS, RS AR SC T . 2000. 1990 4F 4 J 26 H 1G4 LH1 7.0 4



564 o2

LD 39 &

MR M ]/ /[ 2 4] (1989 — 1991) . Jbat: Hb 7% i ki kL, 210
-255.

M7 LI TAEZH . 2012, #f [ iy R b i v — KT fG B M F 5 [ M.
JU5T i RE A, 234 - 248.

PRSI . 2013, 2013 4E 11 M7, O MR i A RS IR A I ) 28
A B A 7% A 6] 4> A GO sZ o [ ). MR A% 4z, 35 (5) : 619
-631.

B, ZRAEAN, B IR AE . 2012, 2010 4F M7 1 2R oW 7% Rl )R
NEJIZEAG LA B X 2011 4F MoS. 2 #iiti iy s2ma [ 1] . Hakyy 8
224 ,55(9) :3028 —3042.

ABAES , 728 BH, T2 4% . 2011, PRI M 240k 2 5 Br 5 b 8
FER PR [T]. MR M ,33 (1) :79 - 90.

FRAEH, H 230, BEGENESE . 2007, L Burgers (AR BURIIAR J5 Hl ik
FASALRE[ T ] . KU 5 b Bk 5h 12,27 (5) .31 - 37.

BRRER, (52530, BEZENESS . 2008. R4 1L M8. | Ibi%iR )5 A Y
BAEA 0L 55 B B AL AR [ ], Rk My 324 iz, 51 (3) 1 805
-816.

BRI, T 51, F R MEST . 2010. 2008 4RI M8. 0 $h 52 46 Ji 371 iy
R R SRR [T ] R IR ,53(8) 1784 - 1795.

TRIERE, JTK 3, B TLZE45 . 2003, 7R B4 7 48 b i 22 ] (1 b 38t
PER ik R ATFE [T ] HbBRY) R 46 (6) 786 - 795.

TRIERE, Tk, B DA . 2004, B X 700 45 Hu7e 1 1 3% 38
LSRR R T [T]. T E M ,20(3) 211 -228.

BEAR R, TR A RS . 2015. 2015 AFJETAR M8, 1 52X Hh [
R S0 ) b R S AR [T ] MR B2 41, 58 (5) 1834
-1842.

PR, FRSOPR, Wk 45 . 1974, 1932 41 B Eh i 52 i 544 Ko HIE A
JEIR PRI T ] BRI BEEAR 17 (4) 2272 -290.

JH T SC . 1974, SEaR AR 2 (Y VR U2 4t 78 RS D e iy et (U]
BRYPBIAAR 17 (2) 1122 - 135.

TT A PR IE B, 22 BAJIK . 2005, 22 7 3t b 75 0972 1T S L R S 4 7 7
NI AISE [ T]. MR 2%H] ,27 (2) 1139 - 146.

TR R AE B, A5 T A5 L 2010. 2008 45 T 1 7. 3 Gt 5 X A
I T2 4 B8 ) B T 7 S 0L DX sl s e 8 [ D). sk iy
224 ,53(2) :280 —289.

TI7KHE PR IERRE, B BRAEAT . 2007. 55 8 i S AR AL AR 04 R € v 7 R
AR K R R A B [ )] AR 24k ,29(2) 1115 - 129.
JIKHEE R IERR , W BRARAE . 2008, LU b33 1 51 B 7 fish 2 (1 K 38 1

FIEEREIIESE )] A= ,30(6) 581 -593.

TIACHE Ai i 28 55 . 2015. 2015 4F JE AR 30 5 91 4 o 1 K i
BNy [ )], shak Py 54 , 58 (11) 14277 —4286.

ToAHE SR RN EA  2002. HURRR SR TS ()], MR AR,
24(5) :533 -551.

EIE, B, R SE . 2016. 2014 4FF H Mg7. 3 MR X G SR &
A7/ NR TG Sh B Sh 25 07 1 ful % [ T, MR B 224,59 (4) -
1383 - 1393,

WHR AR, SR AL . 1957. 1954 4E2 H 11 HHH A W F B iz ],
MR P FER ,6(2) 1159 - 179.

e, BRRRRI, T2 AR 4 2013, fif i Jo] W7 45 I IR ) AL S R R
FSCHR[T]. BRI 24,56 (4) :1146 — 1158.

VI A BRIE 2R . 1997, FIECFAL SR BOE SO LRI RR (1Y 7=
RSHT]. HREsEd,19(2) 113 - 128.

Mg, MRDURK, FRBEAEAT . 2007, 0S54 LU b Gk ol iy (9 5 AE 5 25 1)
AL )] M2 ET gk (b ot R 2 (dbmT) ), 14(5) <211

-221.

TREZ BT, 2R TS L 2008, SO HIRE M8, 0 M e i 2400 )
AL KW= fE B R AE T ] bR T ,30(4) 1935 —944.

TR RS, PO ISR L 2006. A TR R AR LG A
JESBETHIRELT]. SR gL,26(1) 5 - 13.

HSCAE , B 55 . 2005, e shAS A AL R0 L0 5E T ]. ek B
4R ,48(1) 116 - 123.

HRICAR, SR, 330 P4 . 2009. GPS WL K% 7 24 066 465 1 40 ) B ok
R I AY TF R JRLAL AR AL TR [T ], Bk B4 4, 52 (10)
2491 -2508.

HBICH HATBE, IRESRE 4 . 2013, 1954 4E 1P T JAGUBAR N 22 72 Y
TR FREHLRIRIT (1] R H 274,56 (3) :916 - 928.

TEMEZ G R . 2016, 4Bk 7 LI EHRE (1900 4E LI ) [ EB/
OL]. (2016) [2016 - 06 — 06 ]. http://www. csi. ac. cn/publish/
main/index. html.

SRAL, 271 . 2000. 1973 ~ 1976 47 PU )1 AARE 3252 174 (4 B 77 fik 2 4o
P )] HOERY AR, 52 (4) 1994 - 1003.

Lin J. 2001. Delayed triggering of the 1999 Hector Mine earthquake by
viscoelastic stress transfer| J]. Nature 441 (6834 ) 180 —183.

Harris R A, Simpson R, Reasenberg P A. 1995. Influence of static stress
changes on earthquake locations in southern California[ J]. Nature,
375(6528) ;221 —224.

Harris R A. 1998. Introduction to special section: stress triggers, stress
shadows , and implications for seismic hazard[ J]. J Geophys Res,
103(10) ;24347 —-24358.

King G C P,Stein R S, Lin J. 1994. Static stress changes and the trigge-
ring of earthquakes[ J]. Bull Seism Soc Amer,84(3) :935 -953.

Pollitz F F, Wicks C, Thatcher W. 2001. Mantle flow beneath a continental
strike — slip fault; Postseismic deformation after the 1999 Hector
Mine earthquake[ J]. Science,293(5536) :1814 - 1818.

Pollitz F F. 1992. Postseismic relaxation theory on the spherical earth[ J].
Bull Seism Soc Amer,82(1) :422 —453.

Stein R S. 1999. The role of stress transfer in earthquake occurrence 1999
[J]. Nature 402 (6762) :605 - 609.

Toda S,Stein R S, Reasenberg P A et al. 1998. Stress transferred by the
1995 M6.9 Kobe, Japan, shock : Effect on aftershocks and future
earthquake probabilities J]. ] Geophys Res,103(24) :543 - 565.

Wang R J, Lorenzo — Martin F, Roth F.2006. PSGRN/PSCMP A new
code for calculating co-and post-seismic deformation , geoid and grav-
ity changes based on the viscoelastic — gravitational dislocation theo-
ry[ J]. Computers and Geosciences,32(4) :527 - 541.

Zeng Y.2001. Viscoelastic stress — triggering of the 1999 Hector Mine
earthquake by the 1992 Landers earthquake[ J]. Geophys Res Lett,
28(15) :3007 -3010.



5 4 1] d AR A SRR R 5 P 1V ) T AR 5 565

Research on Cumulative Coulomb Stress Evolution Characteristic of
Strong Earthquakes along the Qilian — Haiyuan Fault Zone

MENG Lingyuan',ZHANG Zhuqi*,ZHOU Longquan' ,ZANG Yang'
(1. China Earthquake Networks Center ,Beijing 100045 , China)
(2. State Key Laboratory of Earthquake Dynamics , Institute of Geology,CEA , Beijing 100029 , China)

Abstract

Firstly , we study the triggering relation of six strong M¢=7. 0 earthquakes after Haiyuan M¢8. 5 earthquake
in 1920 along the Qilian — Haiyuan Fault Zone and its adjacent area since 1920 ,such as the 1920 Haiyuan M8. 5
earthquake , the 1927 Gulang M8. O earthquake,the 1932 Changma M(7. 6 earthquake,the 1954 M 7.3 Shandan
earthquake , the 1954 Minqin M(7. 0 earthquake,and the 1990 Gonghe M(7. 0 earthquake. Secondly, we establish
the viscoelastic medium model based on Burgers model to simulate the co-seismic and post-seismic cumulative
coulomb stress changes. Finally ,we calculated the stress accumulation in the last hundred years of 6 strong earth-
quakes on the north Qilian — Mountain Fault, the north Western-Qinling Fault and Liupan-Mountain Fault. The re-
sults shows that the 1927 Gulang M8. O earthquake was triggered by the loading of both co-seismic and post-seis-
mic coulomb failure stresses of the 1920 Haiyuan M 8. 5 earthquake,and the 1954 Minqin M{7. 0 earthquake and
the1990 Gonghe M7. 0 earthquake were both influenced by the loading of cumulative coulomb stress of their pre-
vious earthquakes. The north Western — Qinling Fault was located in the stress unloading zone cumulated by the
total 6 strong earthquakes with the viscoelastic relaxation till 2015 ,and the Liupan — Mountain Fault located in the
cumulative stress loading zone. It needs to point out that studying the coulomb stress changes of strong earth-
quakes and their cumulative effect on the surrounding fault zone in the long time scale, it need to consider the cu-
mulative effect of post — seismic coulomb stress under the effect of viscoelastic relaxation and provide reference
for determining the risk segment combining with seismic activity.
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