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Figure 1 Tectonic blocks and large earthquakes since 1997 in the Tibetan Plateau and its adjacent region. The red dashed rectangular defines the
study area of this research. Black lines indicate block boundaries. The block boundary data are from Ref. [1]. The occurrence times and focal mecha-
nisms of M=7.0 earthquakes around Bayan Har block are indicated in the figure
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Figure 2 Seismic stations, historical earthquakes and active faults around the source area of the Jiuzhaigou earthquake. Red triangles mark the per-
manent broadband seismic stations. Green squares represent strong-motion sites. Blue triangles indicate temporary seismic stations deployed after the
mainshock. The yellow star shows the location of the M, 7.0 Jiuzhaigou earthquake. Yellow circles show large historical earthquakes (M>7.0). F1,

Tazang fault; F2, Huya fault; F3, Minjiang fault; F4, Xueshanliangzi fault; FS5, Longriba fault; F6, East Kunlun fault; F7, Bailongjiang fault; F8§,
Guanggaishan-Dieshanbeilu fault; F9, Lintan-Dangchang fault. The active faults are from Ref. [2]
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Figure 3 Distributions of initial epicenter (a) and focal depth cross-sections along the latitude (b) and longitude (c). The data are from observation

reports of Sichuan seismic network. Red star represents the location of mainshock. Circles represent aftershocks with magnitude proportional to its size.
The color of the circles changes with time from blue to red. Black dashed line indicates the inferred Huya fault
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Figure 4 Distribution of relocated aftershocks (a) and focal depth cross-sections along the latitude (b) and longitude (c). Legends are the same as in

Figure 3
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Table 1 Focal depth of the Jiuzhaigou earthquake determined by
different agencies and researchers

MR FEVRBRPE (km) FEO TR E (km)
CENC 20 9
USGS 9 13.5
GCMT - 14.9
Han% AP - 14
25 - 6
g EAN - 5
FRIZBFEN - 22
A3 20.4

a) CENC, '[E "% & My, USGS, 3% [ Hb it i 45 Jm) ;

GCMT, A K 2840 ok 1 fit

WIHARE 2L B TR EE . X L 72 U 5 B 2R A% 4 1 72 191
TR, 2RO ) TR R R N, JF

] FABRERS2 i, 20104F 751 A AR 2014

AESEE AR P, 20144F & BB fal HRE Y, 2014
o S A MR [32]$H2014$lﬂl)ll%51’@$[33] XL

AW R AR AR R ERRAL TR P SRR, =
MRS 1] H AR . BAERLLIR I, T EE 5 A
IO 73 ek B TR 2 T T 4 0, 7 s L o DX (2 72 2 TR
TR A% B MR B TR R R MR MR, i A IR
T DX 3 (M 7 8 8 ) B A 14 e 5 D AR e o s e T4
PO R M e P74 AR 3R 0 i A0 2R TR R O TR
JE | RRTEITRERNALE SRR, n] AR E R R e

— U R 1) PR A T R R R IR

B, BAREIURK, HiE AR T MG T ik
AEXTHE /)N,
4.2 %El—*ﬁ lb\

LR MR A AEAE AR R C ALl W 5

655



4 % B & 20184%E3F 6345 L7

uD

NS

EW

Normalized amplitude

STAILTA

20+

AAA AN st P

40 1 1 1

20+

Polarization

19 20 21 22

Time (s)

T T T T

23 24 25 26

B 6 51IZBiZ A MPHASH RN, (a) S1IZB MEA KN =B, IO AL MZoRPRFISI IR, (b) KER MR, L6

FRFIRPIFIN; (o) MMIRIIHTLER, W OTM 2 FRRSEFI

Figure 6 P- and S-wave arrival time of 51JZB strong-motion site. (a) Three-component waveforms of the mainshock. Red and blue lines represent P-
and S-wave arrival time respectively. (b) P-wave arrival time analyzed with STA/LTA method. The red star indicates P-wave arrival time. (c) S-wave
arrival time obtained with polarization analysis. The blue star indicates S-wave arrival time

I3 g o Wy SR A S AR AL, T B B i R R
S AR S PR R R e IX TR T Bl A
e A, BT AT L PG Y ) B EORT L . T R b ]
PR PR A IR 2 W IR SRR 7 G 1] 4 5 L 238 D R 45
Z AR BT 2T Tl AR YO R BT R A B
K R W2 A S B[R] 7 L SR R8T, PR S T e R Ik
JETETE IR MR R W R AFAEAR KA 3L

HE AR TR, RERE R EEUT R W 2L
VU ) B SE A 2 oA, AR AR P AL 1k TR R
ARFFRIRTR LRI T R, AR, R W2 A
BRBE, A UL RLE W R R A AR A AR A X RE AL
WEMIIEY, RYREG4 O TEmsh 6
SN, SERLIRZEMG K. ZJE, LR 2 W)
PG, — 25 07 1 22 B R A AU A e A T B A
Wk BT 2= B LS. FATTRE U T /N T2 km

656

S ENLRZE/NT0.2 kmPI AR, /N TRk
PERLA IR T & R W2 r i A (K15). &R RZE Sk
] PG R, AL T A T WA AR k. W2 S b B it
AW/ B, A P 1) AR S 4% LA 15 2 i W72
1471 43 1 A 740, 88°, 84°, 88°F184°, F-H{H Hy84°.

B PN A AN TR AILAG 4 53] e U 5 R 258 U0 TR 5 i
5T MU AR RIS AIL A B T AR R A e
FCAP 7 00 2 1) W J2 T 9 3E 1] | £ A 3 £ 49 )
F156°/65°/9°, 250°/82°/—154°151 H A A 5% 20 1 i
CAPJ7 ¥5 I A5 2 /Y 5 o] . 0 A0 30 1 50 51 R
152°/74°/8°, 60°/82°/164°; 156°/79°/-9°, 248°/81°/—
169°17. USGSHIGCMT{ifi Fi 1t 2 404l 45 H i W2 1 2
B9 R 153°/84°/-33°, 246°/57°/-173°; 150°/78°/—13°,
242°/77°/-168°. AI UL, AS[RIBHF 5T 2 45 H 1) T J2 0 ) 22
SR, BT R 25 R, AR AE Rl 65°~84°.



A SCHR A 42 732 0 A 306 15 21 10 DB J2 40 A s = T RS TR
BLT i S A 2, 3 22 S 02 DR A AR R L e i 3 1
MR SRR, 19 2 B0 AR 2 2 T A A, A
DL A2 2= T2 T ) LD A W22 e S8R
7%, Nz A f R RE, BT RS IR AL ST AN
ANFEFFEN A B2 WA AT B AR R R E 7, &
R B AR BTE L. AL Z R, AR T LR
I 20 R R WE R 4R AR R R W
AFEH ) PR ) AT T R A A XA A
HIWTZIEAS AT e S BUE A RO . ARy e )
R IRAIL M A 22 SR, 25 0 6 5 A E 43 A Al
FREMRIEHLE, AN R KR W2 5E 170 B R AR
150°77 1], fWiia) Ve R, W72 (00 F 4B, ~F-4{H Z84°.
Ryt — 2w e R R W R ) = LR A, AR
A% R T 2 RO 3R R R L A B, A
Paradigm GoCAD =4t MBI, 7 T LI &
KEWTE M =4 AR F GoCADF A 1 B 1
PN 7 % (discrete smooth interpolation, DSI), A%
= A T W (Tsurf) B X0k 8 57 = 4 (W] 5% )2 1 14 )L
B, EixEE R, KRR . RBIE L
PL s 38 (PointSet) B =X B A, 7F #4122 B R AR
(structural modeling workflow ), ¥ B B PR 7%
e 1% 2 M. P A S 0 A TR AL A DL R il £k
(curves)FE AW A&, HATIRME A, 15 2872 18 fh

N ‘\\

TS TEY X Jir oy o TR A 7 JRy S o e A L, 0 T
R B AR W 2R A, B7RR, KEWZ
SRS b PG 1) A, AR R AE 66°~89°, - RI{E 1
84° /Ay, B iR A BB RRE. REWZ AR SS ] L
EREINILAIEDR, WiZm 2564 (30°~90°, &
7 (0, X ) ARG 7 (220°~270°, K7 AT (0 X )
WA . FREMHE B W2 208, 7E3~15 kmiR
FEVEEI N, W2 B2 m v p iRl 7615 kmRELT,
Wi 2 1 2 o A A ] . InSARWLIN 2B, ] 7%
AR AFAEAE X BRE 0 A, BB R E W7 2 3F R 2 58
VT BT, TR A ] e e 22 R fEM R R
PR AR | S R SRR, N S T IR R RN R
82 =4 LTRSS,

RECW WA m B K 4E TGk, Ik
TLWTZE | SERTZE . E0- R VTR R A a5 -2 1
Wr 248 BT RO 9 8 v #) 3, ] R HE R 4 fi
TR Wi R AR 1n] A8 W HOR 0TS RV 2 2 R
A FE A, — A% VU Y 0 e T 2 0T S g T 2
SR RACTYE ), AR EE BB 2 AL R Ak
FE AL VG, B PG, A e, Hode ) g5 002
FWr 24 LA AL R4 A HE I KT 2457, 19764 FATR -~ 5821k
724 M 7 () R R ML A 9 B R OF W R — S HLZC i
A PR T A e 2 42l T LR A L RE A AR R A
bk TURTT 2, rBILT 554 Wi, M

B . \ |
(a)P\;E

¥rEmiRE
50° 100° 150" 200" 250°

(b)

B 7 JUBSEHR A REE AL (a) RREWIE TR (b) REWIEN =46E0E. KERBRR FRAE, ®aMARRRER

BB

Figure 7 3D model of the seismogenic fault of the Jiuzhaigou earthquake. (a) Plane view of the seismogenic fault; (b) 3D perspective drawing of the
seismogenic fault. The gray circle indicates the location of the mainshock. The yellow ellipse represents segment with few aftershocks

657



4 % B & 20184%E3F 6345 L7

ERERIRHLN] . R, DR R RIS 1Y
Wr 2 f05E i) AN A R T, i W= T T 2R ) 3
PEIRA—2, 5 TR AL 35 R 0 ) A —
B, M R W R B BRI SR, Pk, JLEE
W72 ) A R IR JZ AT BE R PR 28 Wt S\ g B AR . 7o e
TR, 1) b O DASE $ O 3 AR R s R T 2L
TR TR 2L LA | HE Y 52 5F Wi Rl e e H AT AR
Y, T EL AT BE R I Y U V) Ml = 14 A I 2 R A B
TR W TR M R R T B R A A )z Sl AR
AR BB W SRR v B IR R i oz 4 B A 24

4.3 RN AR

N 77 M\ RS X [ MG G L R, 4w AR
RENT RIS, X —HE A FRZ G MHTILRIE
H R, MG TRESS. IRATIEELG 4% B a5
RN R b, S M A= i 2s AL AR AE (&1 8). T LU
B, AR E A B R S R ARE. FERE
JGlh, REXKEA N2 km. EZ5F2d, REXEK
EY 242 km. ZJ5, A= X FE AR Z .
PERRYCT FRA BIH R R M1.0, M1.5, M2.0, &9 Bk
JEWEAT AR AL AL, oAl 2 BERRAESEACAAS . TR AR
75 F 5 F 3 B 5 s ) S X R 0e 2R L P b RN AR R
0 F 7 Ji B AT 22 57, P29 1.3 km/log(s), iX
55 H A = A F 28 Ko AR — 2 10481 20044F 26 [H Parkfield
My 6.0405% 751 WF 5% 2 B, A3 m U T 2456 o] 1T
D5 A B R A B RRAE, AR R A ] 2
LR 5 AMERES R RY R B —
FHW AR BB AR 5 AR R, A A
e R AR T IR B e,

FATHEM JLFE 1 R X ] REAETE AT, FER S
A (1) RRIFWIZERA BT REE,
il 5 I ] SERTEOC R, (2) — LA % AL GPSWLIN (1Y 7%
W 5% 2 W1, M6.0LA - i 7% A5 RE 77 filh & 4% g 15051,
20134E 1 1M 7.0 7% | 20144FE Napa My6. 1172 .2015
AT VE 22 Wanaka M 6.0 = & B T 25 UA 432 YT
JRE B G T8 (3) At — M kAR AR T Bl T X
JUZE V8 M 75 1 AR G S0 R S e e I, M 50 S 11
Fa/hF0.2 m, ATREASTE R, E5HY
ALK R IR R M e 24 . Ik, LSRR X
b FE AT REAF R s 5 . (4) JLEETA MR A B
RARZREI M8, IR BRBE R ARES,
43I 7T BEIE A A T A5 LM R S AR T =R

658

W 150°SE
—
0
= -
8 10°
=
w
[ =
5
£
@
o
2
w
1]
=
=

-5 0 5 10 15 20 25
Distance along stike (km)

B 8 JUEERRRITIINEY TRIE. KETMERR IR, HEEk
FORGRIG LRI 2 dII RN B, 2L EOHERFOR R YRR, ¢
TR R B 54 R A R O RO 5 Y LU

Figure 8 The occurrence times of aftershocks since the Jiuzhaigou
earthquake versus the along-strike distances. The blue dashed lines mark
1-h and 2-d after the mainshock. The red line with arrow indicates the
approximate slope of aftershock migration along the fault. The rate of
the aftershock migration is defined as the ratio of expansion length with
time after taking the logarithm

FAEMEGRER, FEHIEMALEE —1TY
5 kmK B4R BB, 1% BES AR TP ) A R o AR
FIAR2ZS, (NE10 kmEEMTA D RATE. X—
ARG B A LUR 3Rk (1) [l 2 A7 55 0 sh i
MR, WL RETBCEIE I, (2) WiRE n) & AR A2 4k
() AR A BERHA. WNAZRTPHAEE, &
T AR ALY ) e A, BRI R B Lk A
Ak, (HAER R oL BAAEAE B i By X A . i
TREREENEMA RENREES, KEY
14 km, [A]52 08 240K I X — ROBE 30/ INAY B i1, 4k
) P AL 36 69 AT BEME /0N, MR S 5 AR e v 4 IR
WoR, R DXAFTE WA R R sh R R X, Hor
— A W B X R AR iR i RS, T R
il 6 kmPAPN, KM 7ELl mA S, WRAEHI4E
FFE6~20 km™®. XN A3 g X UG 42 R R 0 B
LRSI X, 7% A AR 2R N ) 7 3 R L A5
BTSRRI, A REAR A, 1 R R B
/N DX 38 0] A A% 72 T 3028 25 RO )
5 4

FFH DU | Mo 5% 5 X R o)) R 5 ol 0 SO0 000 5 3 ,
X JUZE V8 M 5% 1) 3R R AR AR 3 A HE AT T E T A A
i B — R E S INS-PRIN 22, 8T RZMY)
TR RV BE AN VR T14.3 k. i ) = 2 3 A6 780 300 o5
B I = A7 B M 103.806°Ex1.7 km, 33.201°N=+



1.5 km, RIERE 420.4+1.9 km.

I FH I Sl 080 AR A5 1 8 S B A R AR, X
WA R AL B PEATROE, U1 A58 T 8 1 R A
R T10% A 4. Eemas Ry, KRR
PU-BE AR AR Il ) s R A, B 1 291500, K 2942
km. KEWIZWAEBE, FIEL84°, EE VIR
s X (A R R o S [ S Rty e |
W16 £ 0 2%, 2R e W Bt VE AU BEAY R I B vk, Ay
AT, A BRI RN, REWEAE. R
BT 0 T 2 S IO, 3230 ) VG i AR, RS iy b AR
Wikt WERVIEIREE, EAOEME20 kmIRE. JLE
T RS 1 R R W2 S P T W R LA A DG, ]

B P BT A BRI ZE BEE 1 A1 W72, 1) L #e
e LIGE T O R PEPEWTRL. U R R T B
Btk 7R m iz shid f b, R B G W R B B ik
8 i T SR L ) 9 R ) 25

JUE R P I A B R I = TR R, A2
1) U VYRR B PN, OV B SRR, 2 X T
REAFTEARNT . FRVALMAAAER — 125 km KR
ML B, 7 AR L B AR B A N ) 78 3R B R A
BT B RL, SFERRED. HOREARE
SRR E 35 /N TR UG B R B TR B, R R —
O GRS I PR A FF. i TR IR IR, &
B RR R LR, (HAZ F R AR,

Bt WIHEHER. HANAHMER, PERERARWERRNEFSEHEN LR WM AR, H AR E v
BHGERMBERBET T XOANEHR. DIREERNAXFRARET B RENEHEE, PEBERHMRY
ERARFEZEFNREENBELERE O ARAFAREURE RS EE, TERRRAIRAFALERE
R & WP RET BERA KA. &+ E MR R FI 5P X 58T R AR WAL E AR AT AT T AR F A

FFRE T EFRAW, ARETEOEH

RPN

1 Zhang P, Deng Q, Zhang G, et al. Active tectonic blocks and strong earthquakes in the continent of China. Sci Chin Ser D-Earth Sci,

2003, 46: 13-24

2 Xu X W, Han Z J, Yang X P, et al. Seismotectonic Map of China and Surrounding Area (in Chinese). Beijing: Seismological Press,
2016 [#RBfl5, WEATAE, BT, 5. P AR X b FE A i P AU HhRR MR A, 2016]

3 The Earthquake Disaster Prevention Department of China Earthquake Administration. Catalogue of Chinese Historical Strong Earth-
quakes (in Chinese). Beijing: Seismological Press, 1995. 1-514 [H E %R ER A, P ED; SR H 5. dtat: HE s i,

1995. 1-514]

4 The Earthquake Disaster Prevention Department of China Earthquake Administration. Catalogue of Chinese Present Earthquakes (in
Chinese). Beijing: China Science and Technology Press, 1999. 1-637 [H1 El3thi% R E i # =, EE A= H %, dbat: pEEE

HAR W R, 1999. 1-637]

5 Han L B, Cheng J, An Y R, et al. Preliminary report on the 8 August 2017, M,7.0 Jiuzhaigou, Sichuan, China, earthquake. Seismol Res

Lett, 2018, doi: https://doi.org/10.1785/0220170158

6 Xie Z J, Zheng Y, Yao H J, et al. Preliminary analysis about source characteristics and seismogenic structure of the Jiuzhaigou M,7.0
earthquake in 2017. Sci China Earth Sci, 2018, 61, doi: 10.1007/s11430-017-9161-y [t %, F38, WkAEEE, 45 2017 4R JLFEVH M7.0
MR RRR L BT N R R WI A 4. R HERELE, 2018, 48: 79-92]

7 YiG X, Long F, Liang M J, et al. Focal mechanism solutions and seismogenic structure of the 8 August 2017 M7.0 Jiuzhaigou earth-
quake and its aftershocks, northern Sichuan (in Chinese). Chin J Geophys, 2017, 60: 4083-4097 [5 k5, JekE, RHEG, 4. 2017 4 8
J1 8 HLZE M7.0 Hus AR IRMLHI R 5 K RIS 00T, sk B4R, 2017, 60: 4083-4097]

8 Zhang X, Feng W P, Xu L S, et al. The source-process inversion and the intensity estimation of the 2017 M,7.0 Jiuzhaigou earthquake (in
Chinese). Chin J Geophys, 2017, 60: 4105-4116 [5KJH, EAMS, V514, 5. 2017 4F JLIETE M7.0 Zh R =I5 ol 7 f v 5 20 B Al o

R P24 4R, 2017, 60: 4105-4116]

9 Zheng X J, Zhang Y, Wang R J. Estimating the rupture process of the 8 August 2017 Jiuzhaigou earthquake by inverting strong-motion
data using IDS method (in Chinese). Chin J Geophys, 2017, 60: 4421-4430 X345 H, K55, TEoRIT. R IDS Jy i 5 7 o i 40040 i o
2017 4 8 A 8 HJLFE MR MRS L. shIRY B4, 2017, 60: 4421-4430]

10  WulJ P, Huang Y, Zhang T Z, et al. Aftershock distribution of the M,8.0 Wenchuan earthquake and three dimensional P-wave velocity
structure in and around source region (in Chinese). Chin J Geophys, 2009, 52: 320-328 [, ##, kK, 5. W)l 8.0 %iZ 4

659



4 % B & 20184%E3F 6345 L7

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

660

e A R R X P = R ST S. HER BRI, 2009, 52: 320-328]

Fang L H, Wu J P, Wang W L, et al. Relocation of the mainshock and aftershock sequences of M 7.0 Sichuan Lushan earthquake. Chin
Sci Bull, 2013, 58: 3451-3459

Fang L H, Wu J P, Wang W L, et al. Aftershock observation and analysis of the 2013 M,7.0 Lushan earthquake. Seismol Res Lett, 2015,
86: 1135-1142

Zheng X F, Ouyang B, Zhang D N, et al. Technical system construction of Data Backup Centre for China Seismograph Network and the data
support to researches on the Wenchuan earthquake (in Chinese). Chin J Geophys, 2009, 52: 1412-1417 [¥37575%, BRFEHRE, K47, 4. “EE
BRI EEE A b AR RS B HOW BN K BRI B S35 bR, 2009, 52: 1412-1417]

Waldhauser F, Ellsworth W L. A double-difference earthquake location algorithm: Method and application to the Northern Hayward
Fault, California. Bull Seismol Soc Am, 2000, 90: 1353-1368

Chen J H, Liu Q Y, Li S C, et al. Seismotectonic study by relocation of the Wenchuan M,8.0 earthquake sequence (in Chinese). Chin J
Geophys, 2009, 52: 390-397 [BEILEE, XIEJC, ZEK, 2. 301 M8.0 b= 43 i% 51 B8 8 v S b SR i AP 5T . MU ER 9 BE 24417,
2009, 52: 390-397]

LeiJ S, Zhang G W, Xie F R. The 20 April 2013 Lushan, Sichuan, mainshock, and its aftershock sequence: Tectonic implications. Earthq
Sci, 2014, 27: 15-25

Wang C Y, Han W B, Wu J P, et al. Crustal structure beneath the eastern margin of the Tibetan Plateau and its tectonic implications. J
Geophys Res, 2007, 112: B07307

Wang W L, Wu J P, Fang L H, et al. Sedimentary and crustal thicknesses and Poisson’s ratios for the NE Tibetan Plateau and its adjacent
regions based on dense seismic arrays. Earth Planet Sci Lett, 2017, 462: 7685

JILY,LiuCJ, Xul, et al. InSAR observation and inversion of the seismogenic fault for the 2017 Jiuzhaigou M,7.0 earthquake in China
(in Chinese). Chin J Geophys, 2017, 60: 4069-4082 [Z R iz, Xf&4:, #ixfh, . JUHEM M,7.0 MR InSAR ML K & w44 1 4 #r
Hi R Y BE A7, 2017, 60: 4069-4082]

Luo Y, Zeng X F, Ni S D. Progress on the determination of focal depth (in Chinese). Progr Geophys, 2013, 28: 2309-2321 [, 4+
J7, ARPUIE. FRUFVR B T IR . MR LA R, 2013, 28: 2309-2321]

Gomberg J S, Shedlock K M, Roecker S W. The effect of S-wave arrival times on the accuracy of hypocenter estimation. Bull Seismol
Soc Am, 1990, 80: 1605-1628

Allen R. Automatic phase pickers: Their present use and future prospects. Bull Seismol Soc Am, 1982, 72: S225-5242

Jurkevics A. Polarization analysis of three-component array data. Bull Seismol Soc Am, 2002, 78: 1725-1743

Shearer P M. Improving local earthquake locations using the L1-norm and waveform cross-correlation: Application to the Whittier Nar-
rows, California, aftershock sequence. J Geophys Res, 1997, 102: 8269-8283

Sibson R H. Fault zone models, heat flow, and the depth distribution of earthquakes in the continental crust of the United States. Bull
Seismol Soc Am, 1982, 72: 151-163

Sibson R H. Continental fault structure and the shallow earthquake source. J Geol Soc (Lond), 1983, 140: 741-767

Das S, Scholz C H. Why large earthquakes do not nucleate at shallow depths. Nature, 1983, 305: 621-623

Wang C Z, Wu J P, Fang L H, et al. The relationship between wave velocity structure around Yushu earthquake source region and the
distribution of aftershocks (in Chinese). Chin J Geophys, 2013, 56: 4072-4083 [ LK AE, R, FHirfe, 4. TR 2 I X B 4%
MG RBAMINER. HERY 4, 2013, 56: 4072-4083]

Brocher T M, Baltay A S, Hardebeck J L, et al. The Mw 6.0 24 August 2014 South Napa earthquake. Seismol Res Lett, 2015, 86: 309-326

Ji C, Archuleta R J, Twardzik C. Rupture history of 2014 My 6.0 South Napa earthquake inferred from near-fault strong motion data and
its impact to the practice of ground strong motion prediction. Geophys Res Lett, 2015, 42: 2149-2156

Fang L H, Wu J P, Wang W L, et al. Relocation of the aftershock sequence of the M6.5 Ludian earthquake and its seismogenic structure
(in Chinese). Seismol Geol, 2014, 36: 1173-1185 [B73r 4, R, EARK, % SR EM MO6.5 HRR AR T E O L H R RIS AT 5.
M= T, 2014, 36: 1173-1185]

Chen H, Chen X F. Focal mechanism inversion and relocation of the Yunnan Jinggu My 6.2 earthquake on 7 October 2014 (in Chinese).
Progr Geophys, 2016, 31: 1413-1418 [, BBEAE. 2014 4E 10 A 7 H SR R4 Mw6.2 152 52 AL 58 FN 51 E 7. Bk Fli 2%
iEJE, 2016, 31: 1413-1418]

Yi G X, Long F, Wen X Z, et al. Seismogenic structure of the M 6.3 Kangding earthquake sequence on 22 Nov 2014, Southwestern China
(in Chinese). Chin J Geophys, 2015, 58: 1205-1219 [SH: 5, JofE, W28, 5. 2014 48 11 A 22 HFEE M6.3 bR )75 & =M 1k
GINT. HiERYIB 2, 2015, 58: 1205-1219]

Mori J, Abercrombie R E. Depth dependence of earthquake frequency-magnitude distributions in California: Implications for rupture in-
itiation. J Geophys Res, 1997, 102: 15081-15090



35

36

37

38

39

40

41

42

43

44
45

46
47

48

49
50

51

52
53

Wen X Z, Du F, Zhang P Z, et al. Correlation of major earthquake sequences on the northern and eastern boundaries of the Bayan Har
block, and its relation to the 2008 Wenchuan earthquake (in Chinese). Chin J Geophys, 2011, 54: 706-716 [[H 2%, #LJ, k%=, 4.
EL P L A b RAR i1 R 52 5 91 (i DRI PE 5 2008 AR 330)1 . Bk #5440, 2011, 54: 706-716]

Ren J J, Xu X W, Yeats R S, et al. Millennial slip rates of the Tazang fault, the eastern termination of Kunlun fault: Implications for
strain partitioning in eastern Tibet. Tectonophysics, 2013, 608: 1180-1200

Xu X W, Chen G H, Wang Q X, et al. Discussion on seismogenic structure of Jiuzhaigou earthquake and its implication for current strain
state in the southeastern Qinghai-Tibet Plateau (in Chinese). Chin J Geophys, 2017, 60: 4018-4026 [#&453 15, MkEfE, FIHNK, 2. L
) e O T T B R e SRR B % LA AR ARSI 1B . MR B2 4R, 2017, 60: 4018-4026]

Zheng W J, Yuan D Y, He W G, et al. Geometric pattern and active tectonics in Southeastern Gansu Province: Discussion on seismo-
genic mechanism of the Minxian-Zhangxian M6.6 earthquake on July 22, 2013 (in Chinese). Chin J Geophys, 2013, 56: 4058-4071 [}
R, RIEM, s, 5. HIRN AR XAEEZS 2013 FIRE-EE Me.6 HMRAEIG. HIky M2k, 2013, 56:
4058-4071]

Ren J J, Xu X W, Zhang S M, et al. Tectonic transformation at the eastern termination of the Eastern Kunlun fault zone and seismogenic
mechanism of the 8 August 2017 Jiuzhaigou M,7.0 earthquake (in Chinese). Chin J Geophys, 2017, 60: 4027-4045 [{LR A, @8, 7%k
MR, 45, ARG WrR A iU I e 15 2017 4 JLIEVE M7.0 MR 22 AeflLl. HusRWy =41, 2017, 60: 4027-4045]

Hu C Z, Ren J W, Yang P X, et al. Discussion on the compression-shear activity of the Tazang fault in east Kunlun and uplift of plateau (in
Chinese). Acta Geol Sin, 2017, 91: 1401-1415 [HA#]L, E&T, HEH, 5. KRG WA AR i b s 245 89 3% 30 5 i SR THE AT
. HIF AR, 2017, 91: 1401-1415]

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: 389-403 [XkLAR, Brit, BX/NBE. Je il B HAR K (40 1 A 2 15 3 e 3 124, M BT, 1994, 16:
389-403]

Jones L M, Han W, Hauksson E, et al. Focal mechanisms and aftershock locations of the Songpan earthquakes of August 1976 in Si-
chuan, China. J Geophys Res, 1984, 89: 7697-7707

Chatelain J L, Cardwell R K, Isacks B L. Expansion of the aftershock zone following the Vanuatu (New Hebrides) earthquake on 15 July
1981. Geophys Res Lett, 1983, 10: 385-388

Tajima F, Kanamori H. Global survey of aftershock area expansion patterns. Phys Earth Planet Interior, 1985, 40: 77-134

Henry C, Das S. Aftershock zones of large shallow earthquakes: Fault dimensions, aftershock area expansion and scaling relations. Ge-
ophys J Int, 2001, 147: 272-293

Peng Z, Zhao P. Migration of early aftershocks following the 2004 Parkfield earthquake. Nat Geosci, 2009, 2: 877-881

Wu J, Yao D, Meng X, et al. Spatial-temporal evolutions of early aftershocks following the 2013 Mw 6.6 Lushan earthquake in Sichuan,
China. J Geophys Res, 2017, 122: 2873-2889

Warren-Smith E, Chamberlain C J, Lamb S, et al. High-Precision analysis of an aftershock sequence using matched-filter detection: The
4 May 2015 M;, 6 Wanaka earthquake, southern Alps, New Zealand. Seismol Res Lett, 2017, 88, 4: 1065-1077

Kato N. Expansion of aftershock areas caused by propagating post-seismic sliding. Geophys J Int, 2007, 168: 797-808

Barbot S, Fialko Y, Bock Y. Postseismic deformation due to the My 6.0 2004 Parkfield earthquake: Stress-driven creep on a fault with
spatially variable rate-and-state friction parameters. J Geophys Res, 2009, 114: B07405

Wei S J, Barbot S, Graves R, et al. The 2014 Mw 6.1 South Napa earthquake: A unilateral rupture with shallow asperity and rapid af-
terslip. Seismol Res Lett, 2015, 86: 344-354

Marone C. Laboratory-derived friction laws and their application to seismic faulting. Annu Rev Earth Planet Sci, 1998, 26: 643-696
Jiang C S, Zhuang J C, Wu Z L, et al. Application and comparison of two short-term probabilistic forecasting models for the 2017 Jiu-
zhaigou, Sichuan, M,7.0 earthquake (in Chinese). Chin J Geophys, 2017, 60: 4132-4144 [ K, 6, RER, 2. HAEYHT R
BRI 2017 4FSUZEH 7.0 Pth 5= H AR TR LB AT ST, s ERY LA, 2017, 60: 4132-4144]

661



M % B B 2018438 $63% HTH

Summary for “PY)I[ JLEEH M,7.0 MR 7R KRR T HINE EfL”

Relocation of mainshock and aftershock sequence of the M,7.0
Sichuan Jiuzhaigou earthquake
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An earthquake of M,7.0 struck Jiuzhaigou Country in Sichuan Province on 8 August 2017. It occurred at the northeastern
boundary of the Bayan Har block. The Jiuzhaigou earthquake was one of the largest earthquakes in continental China
since the 2013 M,7.0 Lushan earthquake, and it was widely felt across Sichuan and adjacent provinces. The earthquake
left 25 dead and up to 500 injured. Because the Jiuzhaigou earthquake did not produce obvious surface ruptures, the
causative fault of this event was much debated. The shape of the seismogenic fault, the focal depth of the mainshock and
the characteristics of the aftershock sequence were also not very clear. The Sichuan earthquake administration deployed 6
temporary seismic stations around the source region within 4 d of the mainshock. In this study, we collected seismic
waveform data and phase arrival data recorded by permanent and temporary stations. We present a systematic
investigation about the location of the Jiuzhaigou earthquake sequence with high precision. These results provide new
constraints for refining earthquake rupture process, constructing seismogenic models, and evaluating regional earthquake
risks. The mainshock of the Jiuzhaigou M,7.0 earthquake was relocated using a 3D velocity model. The procedure takes
station elevation, topography and the Earth’s ellipticity into consideration. The location of the mainshock was found to be
103.806°E, 33.201°N, and the focal depth to be 20.4 km. The depth of the initial rupture point of the mainshock was
estimated to be below 14 km with S-P arrival time difference recorded at the nearest strong motion station. The locations
of early aftershocks were corrected with latter aftershocks recorded using dense temporary seismic stations. A double
difference algorithm was used to relocate 1-month aftershock sequence of the Jiuzhaigou earthquake. The locations of
3030 aftershocks were here determined. The average location error was found to be 0.16, 0.15, and 0.18 km in the E-W,
N-S, and U-D directions, respectively. The relocation results showed that the aftershocks spread approximately 42 km,
trending NWW. The aftershock zone was found to connect the Tazang fault to the north and to the Huya fault to the
south. The mainshock is located at the center of the aftershock zone, with similar aftershock length at the both sides.
There is a ~5 km sparse aftershock segment to the NW of the mainshock which is consistent with large coseismic slip
area. This phenomenon can be explained due to the large amount of stress released during the mainshock rupture. The
depth of the aftershock in the northwest end was relatively shallow, and the aftershock zone was about 6 km wide. The
depth of aftershock in the southeast section was deeper and the area was narrower, about 4 km. The predominant
distribution of the focal depth is 4-20 km. The dip angle of the seismogenic fault is steep, with an average value of about
84°, and changes obviously along the strike direction. The seismogenic fault inclined to the southwest in the shallow part
and to the northeast in the deep part. The complex fault shape should be considered when constructing seismogenic
model and inverting earthquake rupture process. The depth of the initial rupture point of the mainshock is deeper than the
centroid depth and average depth of the aftershock sequence, indicating that the earthquake rupture spreads from deep
space to shallow. We find that the aftershocks migrated in the along-strike direction with logarithmic time since the
mainshock. The length of the aftershock area expanded from 25 to 42 km in 2 d. The rate of spread was approximately
1.3 km/log(s), consistent with aftershock expansion caused by propagating afterslip. There may be afterslip in the source
area of the Jiuzhaigou earthquake.

Jiuzhaigou earthquake, aftershock sequence, double difference location, focal depth, seismogenic fault
doi: 10.1360/N972017-01184
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