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the Tibetan Plateau since this century, including the devastated 2008 Wenchuan earthquake and
the recent 2017 Jiuzhaigou earthquake. Here we investigate the triggering effects among those
major earthquakes by calculating the Coulomb stress changes and analyzing the background
seismicity rate changes, and furthermore to understand the tectonic activity of the Bayan Har
block. Our results show that, the Coulomb stress changes positively correlate with the back-
ground seismicity rate changes. Also, the results show that the Wenchuan earthquake triggered
the Lushan earthquake and delayed the Jiuzhaigou earthquake. Besides, there is no significant
triggering/delay effect among other major earthquakes. These findings imply that the remark-
able earthquake sequence results from the southeastward movement of the Bayan Har block,
and the Bayan Har block is still in the highly active seismic period. Furthermore, the seismic
hazards of the Bayan Har block and its adjacent faults in the southwestern China should be paid
more attention.

Key words: Wenchuan earthquake; Bayan Har block; ETAS model; Coulomb stress change;
stress interaction among earthquakes
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PEAFE Sk, ISR 22 [) i N7 ) A8 H A BE T R SR AR AR B A5, O R IR B Y
— A B (Harris, 1998; Perfettini ef al, 1999; Stein, 1999; King, Cocco, 2001; Steacy et
al, 2005) . 38 i TR SR AR P A T — O SRR S 2SR 0 R G N ) B o, AT DL E o b K
& XI5 & B ol & /AR AR, S BB 9T A B3 B A 0 R 51 9 22 7 a2 B (Wan, Shen, 2010;
Wang et al, 2014; Jia et al, 2018) . [AJf}, i 52 (10 & A=K 5 25 52w JHG ) % IX 1 107 H1 30k
A, AT BE K E T2 P AT SR K M RR R [X 5 b 7R £ B 1 (Parsons et al, 2008;
Toda et al, 2008; Hu et al, 2017). Mok, LLGETaE 0 J7 B0 53 DX Sl b 7% 0% 20 P 1 B 2 3 Ak R)L
HC M 2T MR R R )Y R OG AR S X SR 3 3 B i ) T B (Zhuang et al,
2005; Peng et al, 2012; Jia et al, 2014, 2018) . H 1970 4E 3k [ [ #b7Z & W HE 7 LK, #7Z H
SR B SE A, KOG B b R R SRR AR SR AL TR A . E R RAE AR RIER T
(Dieterich, 1979; Ruina, 1983), 5&E 5| A S N S 28 1b 2 B 3% 5 B0 = 16 sh % 59 i 55 78
1k, MR 128 5 17 3 28 Ak i M 75 335 30 P A8 A B b T B ok, iR = 22 A A fish & HILA DL K
RS X8R b fa B vE PR AL R A T A %% 7 % (Aron, Hardebeck, 2009; Cocco et al, 2010;
Toda, Enescu, 2011; Ishibe ef al, 2015).

TR e B TR ] e 32 A R I B X 2, U IR T s T e S 0 O e e A ] %
20 AR LT — RIRBHEMF, W 7 HEZ ) ELA TIE BRI (R4, 20115 2=
45, 20115 Jiaeral, 2012; PRBME5E, 2017) . AARM LY IR, CEE A SRR A KA T
2001 4F 7] 7] 75 B My, 7.8 #5E . 2008 4F T~ [H My 7.1 Hb72 . 2008 4E 101 My, 7.9 Hi7% | 2010 4F &
Bt My6.9 HiRZ . 2013 4F 1 1 My,6. 6 HiRZ . 2014 4F T H My6. 9 Hi5E F1 2017 4F JLFEE 1 My6. 5 Hi
(B 1) . 3 7 RsRRTER [ R 25 (8] BB AE LA, & T B R A BT mg = 4k, 5l
BT AR SR AR O T . B S 0 A B R, K S R Y A R AL X 5 T e e A
RE RSV G, T RE R PR 152 S 1977 ) (Jia et al, 20125 IRBIG5E, 2017) . o5 —JF
[, —SefFoY U], TR (] ik A AE R AR LT g 32 5 T R LR R A9 &k 2E (Jia er al, 2014,
2018) . AU, VRO b 20 S50 H BIF 5% 1% 5 R T 1 22 18] W RE AE AR 1 filh & /AR AL, A B T ER AR %
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Fig. 1 The tectonic background of the Bayan Har block and the seven major earthquakes
(The active faults data is from Zhang et al, 2003)
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LI FRI, FB4Y5R R Z MIAEAERN 158 H IS, I HL5R A= 0 & A= 2 %) JE BBl & & 2
A fl ke SR VR R, e Ay B ANAE | SRR A E 5 B T 8l (Stein et al, 1992; Harris,
1998; Stein, 1999; King, Cocco, 2001; Pollitz et al, 2003; Steacy et al, 2005) . King % (1994) I
55 T R 5 B[R 52 RS N S e AE , JF s T 1992 4F My, 7.3 Landers M 7%, 2 b gt B T
Landers 5% /) R B 25 W 345, BIR ZHOCRBEAERECRN M X, JA DR E
AT TR A S 108/ DX 38K . Freed A1 Lin (2001) 1 U< A FH 266 560k 17 7 fk 4 180 0 i B¢ 1 1992 4F
Landers My7.3 Hi7E X} 1999 4F Hector Mine My, 7. 1 3t 52 (4 4L 3R fil & A T, (845 26 5k o7 7 finh &
B 7 b 7% i A vh VR 8812 0@ T . 1999 4F + B L My 7.4 Tzmit MR 88 i 1 S 28 My 7.1
Duzce Hli 7 ) 7% U5 A8 248 5 s ARG S PE I ), 3%t 3K 70% (Hearn er al, 2002) . FiR#F5R &
T8 A~ B 23 IRUE ) Ml ok & 8 Bk — ol 5k A7 7R R IR 42, AT R b R 2 R LR AR T 2 1 {5 S

3 —J5 1, R G E 2 0 05 % 43 B bR O Sl A B SRR AR, T A DR b R 2 (] A ek & G
F, WA R il R S RIS MBS N A Z —. Hip, 4546 7 K% -5 H (Omori-Utsu) 22 A Fl
T £ - B 45 7 ( Gutenberg-Richter) 22 9 % Y4 7 4 72 17 51| (epidemic type aftershock sequence, fij
5}y ETAS #5i#1) (Ogata, 1988, 1998; Zhuang et al, 2002; Ogata, Zhuang, 2006), K24t T
— A A IX 43T S b R RN (fh &) Hb 3% 0 7 ik, TR T2 N TS [ i T R Y Ml AR
FPEAF 5% P (Zhuang et al, 2005; #HKWE, FH A, 2010; Peng ef al, 2012; Jia et al, 2014,
2018) . Dieterich (1994) M B¢ |- M 5236 sh Pk 5 PE & Ny J1 80728 BBk Rk, IEL T #E 2
[E) A7 78 22 12 (0 1B AH DG 56 2R, NI Ry &5 5 b 72 3% 2 1 43 B R0 22 -6 I 7 3078 ofe 45 5% b 7% fioh & ¢
RS T HISARYE . UL, [F B 5 R R 1 Sl M AR AR G R A, BB S B AH I IE H % )
i RE 2 0] A il & OC 2, AT BT IR A BE A DX 30 3 1 3l A M R ST R

UL 21 % 7 B A2 Ji) % 588 52 3 22 [B) 2 A5 A7 AE il e O R 2 B 2 L G T A ). Ot L2
X F 2008 4501 HE 5 2013 4E 79 1 5E K 2017 4F JUZE TR L 22 18], LA % 2008 4F il 2014 4F
PR FHMEZ B XR, B RAFEARNE L. AEE5%2010) BF5E &M, T H X
iR T Sl M AE DO MR R AR 2 S R, I A T 2008 4 T bl R R 01 M 2 [R) T fE
TEAEfl 4 56 22 L T 96 T8 L b 7 2 75 2 01| MR A A R X — b2 R, 2R FAR A 4 e
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BEA 24 4 IN R R 0 (BRis 2855, 20135 T RAE, 2013), A BF 5% 4k W72 4 i =5 8 1 O
Ji 4, 20135 Xueral, 2013) 5 [FIH, —SEBF5E N G1IA Ry = L b 52 09 & 26 BE A 01 b 22 1 fish &
YERT, WA B 148 00 58k (Jia er al, 2014; Wang er al, 2014) ; Jia %5 (2014) & & 508 T I
DU Hb 5 X 5 L b DX T S b 7R Sk B BRI R R L b R R | AR A AR O E R R 62%;
Wang %5 (2014) DA & R F7 F1EE S 10 7 S0AR B4 o451 S J0 0BT 400 5, 4 DT 727 Ll 758 2 o0 )1 b 78 A%
R I BE I 85%. £ XF 2017 4F JUZE IR S5 O LR R C R, WAEARFR S & —L%H
NN RTH 25 & il % 51 B A (ot %, 2017; Huetal, 2017), 55 —SEHF5E M 0 5 # 48R T
i 10 &% 52 i 18] (Wang et al, 2014; Jiaetal, 2018) . TR T HIHEZ M E R, LI
IR0, 2008 4T H M RE T 5| A A i A R0 Bt R ) (4 6 B AT T 2014 4R T LR 4 & AR
(Lietal, 2015b; Wang et al, 2017) . F2HES5E(2011) & AR HEA, & THEHE . 7]
AP L R R0 R T T R Y [ R R R S Y AR 3 ) AR A B AVRRAE , AR A% b 7R 2 [ 1Y
SEMARGAES . DA 1B ) B s B ) 2% 5 R 2 R i & G R RIS, G B 0 R T A Y K
AL EIZ S M E N, BCEME S A, WRAREZNR 2 X.

A SCAURT A 20 w0 R K 2 AE T B R i SR 7 YRR AR R TR ik e G RIEAT RS
WFFE (1) . LAPEAS I 7 ok 7% S 0 0 52 355 30 M 1 ok 28 4 B, B ) M A2 2 1Rl A A2 AR . MR
F: 7 1) 0 5% v B B B AN TRD A SO O M 52— L b R - L I AR . PR T R AT
BT S, AR IREAE I — AP A HEAT A T e, PR AR 4 X L R 2 A il R OC R, T
EEL 00 o HRAA 34 1) ) 3 38 2 R oA SR A R A I 1

Fl o EEMERUAR R S 7 U E 1 R TR AL
Table 1 The focal mechanism solutions of seven major earthquakes occurred around the Bayan Har block
Kt ]

i gl KR kg My ERP B WS WM
1 2001-11-14 92.91 35.80 7.8 94 51 -12 15.0
2 2008—03-21 81.37 35.43 7.1 203 52 =74 12.0
3 2008—05-12 104.10 31.44 7.9 231 35 138 12.8
4 2010—04-14 96.79 33.05 6.9 300 88 23 15.7
5 2013—-04-20 103.12 30.22 6.6 212 42 100 21.9
6 2014-02-12 82.57 36.22 6.9 242 86 =5 18.3
7 2017-08—-08 103.90 33.21 6.5 150 78 -13 14.9

7 B3 % Ekstrom %5 (2012).
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1 T 4% 9 7% (8] & 5% B 2 1 [ B (B4R ) G oK F sh 25 B ) fih & %) R AF B[R] (87D s 28 4
J&) R BEAR SOR 2 iz i 5% e 81 0 s 25 R 7 A, AN 0% T [R) R A ) 0 A5 1 0 MCAE RN R S I
Bhof Pk R SO L AR S AR i O B b AR VRS 4 A A E ST 4 R, O b BRAE R kA A e
PE LS R SE T B RN R S D 0 0 SRR R PR B e A L b i (R P R B0 i
91X 10" Pa-s Fil 1 X 10 Pa-s, A HAK L7 35 Z % Xiong 45 (2010) Fl Jia 55 (2012) . i T 301
ARSI AR JUTE I MR D R PR T MR 2 R A S ) BE R A, HA SRR R £
(Wang et al, 2014; #7945, 20165 Bxk4E, 2017) . R T 7 X HLHFSE, 4 S0K o] H 7% %
J UL b R R U2 I M R A S, R L M R G L ZE V) L RE (Y 52 e, L J% 2008 AR F T b AR X
2014 AF T [H b 7% 09 52 W #E 47 580 43 A . [m) B £ b AR R] AT PG B ER | 2008 AF T MR L I
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U s 7% R T A% b 7R 22 18] Y S Y T AR
1.1 EEMARTHIHERE
FEA N 73028 19355 A &8 (Robinson, 2005; Jia et al, 2014)

dCFszdn444dm—(§)§:nJ, (1)

Ao, deg IETYIRN ek AR, M EEE R R, de, M9 IE N S SRR (RiSk M IE ), B4 Skempton
FH. MR LT BI04 AR L A FL R R A AR Ak, AT T 1) F {8 Skempton R £
ok B ¥ A b 220 1 AL B AR AR, DR R TR AT AR R BUE G N ) T 25 ROR ME B (Beeler et al,
2000) . Skempton & FUAR 4 S5 55 = R Y S LI (14 45 5L HR 0.5, T EE 4 FR £k AN [R) K W 2 i Ak
) BR 5 AN i) 11 AN [ B0 ff, BR(E Y Fl A T 0—1.0 2 ] (Robinson, 2005; Jia et al, 2014) . f# ]
PSGRN/PSCMP ¥ (Wang et al, 2006) , % & Hi i ¥ 2l 70 AL, 45232 Wt 23 1 & = L, B mT
PR I8 256 L A7 0 A R B o R 5 ) A R e R T O
1.2 FIAIAEME, 2008 EFHME., NI EMEMNBEZANECKE KT

A ] PG HL M AR | 2008 AF T FH M RS0 R A 4R 43 51 B % Lasserre 25 (2005) | ik
[ 722 45 (2011) LA S Ji il Hayes (2008) Y 25 52 . B2 48 2 5FI Skempton £ £50HR 41 52 55 == 1 Y 40 0
S LE R, 3 IR 0.75 F1 0.5 (Robinson, 2005) . AN J1 1A 45 85 £ 2. bl T
2008 4F T H Hiu 5% 1301|172 4 75 v oA Bl 38 (2 500 km) T [+ 55 R 7 24CAR 55 1 K ML 7R Y 7R
R RS S TR A G AR, TR b 3k T IR MR =2 (] A () R N ) R T D 2 5 [ B X R R R
1 & 72 B ) ) B e 8 (52 R ), Jz /N 1 52 5 8 ot M 1 ) R i R A T O R A B I, R O R S
B N ) AR Al RT D) 22 T DA 2 TP R B A R R 2 T A A N ) B L R 2
AL DL, AT AT PG B R IS 22 2008 AF T O R A MR 1 E S R ) O AR R D, G/ T
eS| Hb 52 15 3P A2 16 1% [ {8 0. 01 MPa (Reasenberg, Simpson, 1992; Stein et al, 1992) . 25
9, 2008 45 T FH b 5% F1ISC) N b 5 % AR 5 14 22 17 ) Bl s AR /N .l R R AT LA
T, 3 4 YK Hb R R 22 a0 ik & AR

2 OFIVEHIEREE)T I TEH S SR K = AL BTG R RGN ) 28k
Table 2 The dCFS results induced by the strong earthquake sequence occurred around
the Bayan Har block on following earthquakes

2001 4F 7] 7] 75 L4t 5% 2010 4F A R
[ N i R I s [Fi] Ry A S5 N B
/MPa /MPa /MPa /MPa
TR 7.00X10° 1.30X10™* 7.28 X107 8.00X107
B HRR 1.14X10° 1.20X 107 -1.32%x10™ -2.50% 107
T HE -7.15% 10 -1.35X10°

T RSN TSR R R AR S5 BT AA St [R] S B 2 2R

1.3 XtE. AUt EMATRAMEZANECK HXET

T IS SO Hi R X A L R A UFE VA M R R R, AR L MR T LR Y M R A R
AR S AN [R] 1) 18 3 43 A7 455 780 R 45 3R B0 B R 2 R R G R ) e e, TS R A 2
B . 1| M RE B4 sh AR R4 T Ji A Hayes (2008) DL &% Wang %5 (2011) B B2 45 55, 2 I b E
fifi FHl Jiang 45 (2014) fil Zhang %5 (2014) () 2 /8 25 5 . 1 & 2a w0, 43 5 Wang %5 (2011) |
Ji Fl Hayes (2008) [ fil 244 50 )1 b 5% X652 111 1 5 199 [R) 7% & I e 22 433 35 81 T 0. 006—
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Fig. 2 Coulomb stress changes dCFS of strong earthquakes versus time
(a) The dCFS induced by the Wenchuan earthquake on the Lushan earthquake; (b) The dCFS induced by
the Wenchuan earthquake on the Jiuzhaigou earthquake; (c) The dCFS induced by the Lushan
earthquake on the Jiuzhaigou earthquake
0 0.009 MPa #i1 0.010—0.012 MPa, Tfij {4 [ 2

— 4=0.4(Shao, Ji, 2008)

oSt 2009 | gy oy gle A (IR 5 7 S PE S B Y BB 22 ) 4

— - —- u=0.4(Elliott et al, 2010)
—-—- u=038 (Elliott et al, 2010) 54 0.031—0.034 MPa #1 0.041—0. 049 MPa.
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Fig. 3 The dCFS induced by the 2008 Yutian BEHY O G . KR RS B ) A T R A
earthquake on the 2014 Yutian earthquake XoF PR 458 2R B v 1 BB BE T LY, U R R
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Wan, Shen, 2010; Nalbant, McCloskey, 2011; Wang et al, 2014; Huetal, 2017) . il %, Wi)Zm
R R RORG w ( AR ME AR AR, TR SR 15 B E A T 0—1.0 Z A . Li 55 (2015a) 38 i
TN 1l 52 W7 45 2 B R 0T ) 42 U 00 300 0T 2 T ) 3R R AR A DT R T L DB 24 Ak IR
JEEHRE IR (0<0.2) . DRI, foff AV 482 R B0 H 345 20 A9 1 © g ) el s B TR R AT A, R BB
Hiu 7= AT RE X JUZE I R B — a2 W ER A . fR R 20 BTJAT, A L b AR X L BE VA HRE Y
N7 AR AR R T, 2958 10°° MPa, AT DU R L3t 7% X L2 98 M 7R IR TG R
1.4 ARXTHMEZEANELCKABE
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Fig. 4 Seismicity of the northern Tibetan Plateau and the spatial region of the studied area
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