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*1 AEAMIOMEFT M, =40 EB R
1y = o 2 ek %) R 22 VR =5

1 2017-08-08 21:19 33.2 103.8 20 7.2 DU 1] BAr AN S 5E A B
2 2017-08-09 00:35 33.2 103.8 22 4.0 DU 1| BT 300 L5 3 B
3 2017-08-09 0537 33.1 103.9 23 4.2 DO 1 By 35090 L5 3
4 2017-08-09 08:10 33.1 103.9 19 4.3 DO 1 By 300 L5 3
5 2017-08-09 0829 33.3 103.8 18 4.4 DO 1] By 35090 L %€ 3 L
6 2017-08-09 0922 33.2 103.8 20 4.2 DO 1 BT 35190 L %€ 3 L
7 2017-08-09 0932 33.3 103.7 16 4.3 DO 1 BT 35090 L %€ 3
8 2017-08-09 10:17 33.1 103.9 20 5.2 DO 1 By 35090 L %€ 3
9 2017-08-10 0302 33.3 103.8 13 4.1 DY B 30N L5 ik B
10 2017-08-10 05:05 33.2 103.9 20 4.8 Da B 30N L5 i B
11 2017-08-10 09:54 33.2 103.8 14 4.0 Da i B 30N L5 i B
12 2017-08-10 1748 33.2 103.9 20 4.6 Da B 30N L5 i B
13 2017-08-11 19:26 33.1 103.9 16 4.0 Da B U JUgE v B
14 2017-08-12 07:56 33.1 103.9 16 4.2 P 1] B 390 U2 v B
15 2017-08-13 22,38 33.1 103.9 16 4.0 DU 1| BT SN L FE ) B

RETUCHI8 O HBKAE M,5.2(M4.8) M .

HRZBERRY N MJT.0 R, LI EF I M, =4.0 READEAN 14 1K,
B R, mE 3(e) AT, M, =4.0 REFLEENTE I H 8~10 i &4, Bl 352 & 4 J5 10h
WARBXAUEET 2 M, =4.0 58, 3R] 3252 & AR 5 R ) 9 4258 B BE B 40, 7 51
H M, = 4.0 52 A I TE] TR B AR o 8 Ak LS (1979 ) X 30 [E 24 50 4R I H] P & A= 119 28 IR
KRR )RR I AT G R, X T - B 52 7 91, HoaR R 2 0 A8 TR I [A), B 2 4R
R P10 P [ ) B, 5 50 % R 118 K A I TR E X B b 3R R R GETT ER

lgAt = Algt + B (1)
Horbr, AcCHSERRIF] A B g H B, AIZD5 B Ge it JUBE I M(7.0 3R 75 b M, = 4.0 KRR
S5 5 I [ 5 3t 5% A I () 795G 28, S5 RAN 18T 4 B s ol BT 4 RT D0, iR R A I R ) Y 4
I 8] 55 2 52 1] ] I AN 396 JE X HAR AR R T Y PE LG 00 R, X T B 52 b AR R A I ] A AR
e DX M, = 4.0 RFE ISR, TE 72 5 80K I ) 4% 58 55 R I 18] 5 24 52 I [1) 728 7 0K 52 %o $ 4k
PESER  BHAT & R BT IR .

K S g th 7 JUFEm M7.0 i 75 b b H TR R . I 5 (a) JLEE W HLR T 51 G-R
KRN G R I, b EEGR 2 0.8 W P i KARFERH N M, 5.5, 5 HHTF 5 5Ebr &
A W R AR R R RN Y (M, 5.2) o h B IEJS M R ZR A X (X IE 2, 19845 X1 IE 58 5%,
1979 1986 ) F 1t 52 45 B2 B IS 9] 1) 28 00 R 0, 25 b (BN T L E, DA B ] AR Oy il A AH 24
R P 3 7% RE i SR, 7R X AR B0 T WA g b 52 7 U AFAE S, B C kAR Y b 72 R T HiTRE
#8430 H, P h (A RN 112 458 E-RE R,

25 bR JUFE M (7.0 #5R A bk AG 5350 N 0.84 (112, a 4] 28 A g JLFE 1 1 7% 1 571
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Bl 5 2017 4 8 F 8~30 HJLIEMW M 7.0 HE)¥ 5 b h (HIFR 45 R

(b)FFInE GRIFFRHEHFM,1.5; WHFFE%24h)

WS T - B o 4% T B 45 (2006b ) Xf b [ KRl 7 DL E 3R P 51 9 483t 1 95% B AR
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HEESOEICP
2 FiahLtERF

WE 1R, 1970 4E DR 7E JUSE Y M7.0 bR R% o 100km Y5 B 3L K 2 6 L) iz 4
A3 R 8 1976 AR T REFERT S, B 1976 458 H 16 H 7.2 4.8 H 22 H 6.7
R 8 H 23 H 7.2 MR, i 4h, 1973 45 8 H 11 HAAEM L A4 1 1R 6.5 itz .

2.1 1976 £ MFE-F 7.2 HiwE

1976 AEARIE -T2 — 47 &4 2 I 7.2 G %, R 7 T L8 1 M7.0 Hu5E SSE Jy [ 2
70km PfIT . IZHLRE T8 K AR AE NNW G R P 2 A Wi 1,8 H 16 HES 11k 7.2 S &k
JG R JE 3h AR R P B R R A IR A, RAR XK 2 30km, 8 H 22 H KA 6.7
HRECBEH T ARG X, E AT LR 7.2 S E AR X R, & 5= fi 5t NEE J7
), AR 12km, 8 H 23 H R ARA 7.2 HHRE , AZ N T 22 H 6.7 Zuih 5% SSE Jy Ji)
2y 15km kb, RUIEEZE 15 16 HES 1K 7.2 FHE i 17, 452 X K 4l 20 ~25km (Jones
et al, 1984 ; F2 .4 ,1990) .

PR -2 2 IR 7.2 SRR A 2 WAL e 24 St w8, e B — a2 22 R W i, 5 R T IR
Z1138 S RFAE AR — S0 (FE 2% B 45 ,1981) i fm] 8 H 22 H &A1 6.7 i 7% W] Sy — Y 4 306 i 7
M (JRI B2 A5 19855 %45, 19965) o AR AE (2009 ) 3 3o # 25 FE  N J) TH S ESE T
1976 4EANE-FIX 3 1K 6 L LA bR 2 1] 1 fih % 6 & L BP9 20,50 1 IR 7.2 Gt s B s &
A 6.7 G R A AR N T fil AL T 6.7 BB RE R KR ik TS 2 K 7.2 BRI L
5 Jones 55 (1984) Xt 1976 A4 - 2 7% 7 41 W 0F 9% 245 A — 35, o MR g 1% 38 ) 1 At
BT 1976 4F 3 YR ARVTFR A W 4 i oo A8, Horp .8 1 22 H 6.7 G iR 31 T 40k it Y
TEH
2.2 1973 £#iF 6.5 it E

1973 458 F 11 H, U 1| 45 Bl 30056 i 36 M Ak B35 e & K2k 6.5 st 7%, i b T
2017 4F L M7.0 HiFZ 75 v SSE J7 [ £ 30km 4b , 55 XA T3 SN [i] AR VT W 34 LA \EW
S T2 AL (1) o iR R A e, i TR SR M 3% L S B b ot 8 A, 38 R AE =
BAF T X35 B W P T A i . FE 6.5 B ERE R AET 3 N H L FEE R M m bE B 8 A
1HHEE 1RSI HMZE, 197348 A 11 H~19744F 12 A 25 H , 0 F 3£ ZE 625 Ik, H
H,5.0~59%% 27k ,4.0~4.9 %% 12 ¥ ,3.0~3.9 % 484 IR , e KER LB N 197441 A 16 H
5.8 H AR, 75 M R G SRR Sk AP AT 1.5 4

XiF 12 HiL 7R P A7) 11 28 ) S AEAE — o S, 4 M B A (2006a ) X 3 51 28 AL 1 F 5%, DLJT
F 2 Wl KRR A AR G 25 AM 1 R 15 90 43 2 (0 035, 25 AM = 2.5 B O A7 L, 0.6 <
AM<2.4 5l AT, AM<0.6 5y 2 78 R, MR 4 1% H 52 bi ofE, 1973 4R A8 K 6.5 ¢ Hh 5% ¥ 4l
AM 3 0.7, J& F F2-4x AL i A2 30 4E (1990) 1Ak, 1973 4R A8 6.5 2% Hh 7% 7 4 32 %2 il A0 4%
1973 45 H 8 H 5.1 RHMBAEN 4 4~ 5 G U EHE 4, 1R A0 RE R e 5 A 7 90 b 24
57% , K4 8 3 22 55 (1982) X 7 41 5 70 1y ) A vf , D22 3 78 BT B R ko5 4 )98 91 T e il
MR ELH] R, 24 R, <90% I A2 HERL, ) 1973 4EFA TR 6.5 P RZ AT 4 7% B BT 51 ARAE

JUFEVE M (7.0 M58 I & A A AU W R AR AR JL i 7 B 1976 4 8 A 23 H Z G FRIR KB



‘C M K

486 hOE M B 33 %

1K 7.0 M52, 5 1976 4FFM - 2 UK 7.2 FHRR AT 1973 4EFA R 6.5 e A TR, ik
LI MR FR T R B 4~ 5 G rp SRR G 8 RS 0 5 LA MR LA R R R
{6 B K R A 55, o4 M, AR SCHE— 2B W58 1 U281 1= 1 R AL .

3 RESHHE

32 NS RGN E X IUFE I M 7.0 MR AT (B IR S5 s 1 b R R 45 1
BO—50, 00 M 6.5, B URHL i 1 7R 1% 0 58 Dy — UGE T8 R RR , 45 G AR R 20 A RE 6 1
TE R A B 2416 E 17 9 NNW, CENC 1 IGP 72 P8 ML il fi 45 SR 2o, W72 i1 NE, 51/ R
48°~62°; USGS | IRIS Al GCMT 7= P HL il 45 R /i, B J= U1 WS, it Oy 78° ~ 84°, &5 &
1GP 1/ INFRNE 52 3 245 SR L R AR 52 e A 5 7% AR i, FRATT N O T2 ¥ 3t 7 O — s 1 A 1) o
GETEIN

*2 2017 EAEA MO MERR . BESH
— AR MRS W ER Wi Mo BRE Hi 72 4 5 i
b4/ (°)  KZ/(°) My /km /(%) /(°) /(%) /(N-m) /]
CENC® 33.20 103.82 6.5 11 326 62 -15 — —
1GP? 33.22 103.84 6.5 10 328 48 -11 — —
UsGs® 33.19 103.86 6.5 13.5 153 84 -33 7.228e"® —
IRIS® 33.19 103.86 6.5 9 150 78 -13 — 9.07x10"
GeMT® 33.21 173.90 6.5 14.9 150 78 -13 7.62¢'8 —

MCENC, # [E #1532 & M H.0s , hitp : //www. csi.ac.cn/manage/eqDown/05 LargeEQ/201708082119M7.0/zonghe.html
QIGP, H [ s 52 J5) #h Bk 4 BLBF 58 T, http ;. //www.cea-igp.ac.cntpxw27588 1. html

B USGS, 3£ [ Hb [ % 25 J&) , https : // earthquake. usgs. gov/ earthquakes/ eventpage/us2000a5x 1 #moment-tensor

@IRIS, 2 [FE b 5% 2= W X BE A 43, http : //ds.iris.eduspudeqenergy/ 14133645

BGCMT, 4 BR K 72 400 4 5K B8 i, hitp : //www.globalemt. org

IRIS 5 1 1 JUHE VA 3 722 14 300 52 560 S8 R £ 9.07x 10T, b 5% 5% 8 5 B J2 b 72 R A Wb

DAL= R AL 1% 2L i RE o, 5 AR 2 R IT I AR IR Ey LA SCIBTJZ o IR EE 52 ) P
Ay 2 W LRI R R T MR A SRR E L

E=E; +E, + W, (2)
R A5 b 52 U i 5 e SRR LRI A & B 48 1 OC & (Choy et al,1995) U4
IgE, = 1.5M + 4.4 (3)

1Yk M7.0 M52 BT 77 AR B M 52 Ik 468 S B B 113 45 ol 7.94x 10T, KT TRIS A A5 By 52
MEEH ., W) o, B Wyss 55 (1968) fie FL 48 i, Hoe LUk
oo = uE/M, (4)
K, Eg MR PR AT RE B R Ty My bR, B N-mgu S A 5T BT D) A BUE R
w=3x10"MPa, o, NHLEL J), 35 B0 1 AR & AR 007 2 b AR Ik S 2 4 B A R A RN, B T
AR  H/NTEF LN ) o, 71NN 0 TR, USGS il GCMT /41 /) M 52
M, 550k 7.228%10™ 7.62x 10" N-m MR 30 (4) AT B 2 LI M(T7.0 b BRI )
o. 4 0.36~0.38MPa,

app
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W TEAE B BE R OL T, v KRR IR 2 SRR ik B 4o 3 B, B 5E 4 g g R AL A
R 7 B R AR R B R R A B A% (Brune, 1970 ; Savage et al, 1971 ; Brune, 1976 ; Smith et al,
1991) , He g B 48 137 5 W7 J2 T ¢ 11 57 U 17 g ml ) B i 5 AR 1 0 ) b R A Y A 2
TR E

Ny b R 20, < Ao, (5)

By T VA 2o > Ao, (6)
A, Ao, SN T B, XF T AN [ 32 2 1 BT i W7 )2, # A8 0 D BE Ao, 352 Xk (Starr,
1928 ; Knopoff, 1958 ; Keilis-Borok , 1959 )

65T 1 1T S22 Ao, = 8uD/3wW (7)
& g W2 Ao, = 2uD/mW (8)
5] 25 JF W )2 Ao, = TuD/16mR (9)

A D R LGOS 0RO IR 5 s R O Ik

FEl 6 4 JL 8V MO T A R TR W2 Y B ALRS AM A I . e [ 6 T UL TGP 44 9 JL 36
O K 0B 0.5m, 72 1 9 1 29 20k, BT S5 (88 D =~ 273D, JLAET e
R MR AR , ik (8) T 45 B AR MO A5 I A1 B Ao, 2900 0.32MPa. i F 20, >
Ao, Frarat(6) , B, JUFEVHLAR 10 J F VB . 448 5 21 , 6 2 72 2 2 el o 4 2
BURAE F 4% , 15 M 72 o 20 2 M 5 o 92—

WEHLEE/m
0.6

0~
0.5
0.4

0.3

W A8 04 B S/ km

0.2

0.1

30 ] 1 1 0
-20 0 20
W AE R BB /km

P 6 JUZE I R TR R TR T b W Bl A B O A

INFERLE 7 B9 /NI AT AR e 3 F 5 DX A I 3 K TR AY R 81 B R g [ A T
DA R R 8 DX R B IR 2, BB O ¥ ) Jim 0 56 AR 7 A9 AR S 3t — o B P IR0 o 2R 4
(2015) 3@ 33 1155 2010 4EPREL M 4.5 MR 5 A M AR MR 0 2 B, i % M, <3.3 i), %
G5 HARL W R/NRIE R IEA OG . F A SCAF (2014) il i TH 5 1999 4F Ui e M54 #1727
SRR 1INy, 7 5 fe KRR Z ), A ) 3 A T 4585 1) K, e KRR R A T, B
T3 REAR, HF A 30 7 T XS FE 5K 5 BB AR 45 (2007 ) Gl i %) 2007 4F 7 6.4 7R
P I3 A SR SR B T R ST .

RINIIEWHFRFH] 8 H 8~19 H 30 I M, =3.5 KBNS i85 R, h& 37
W,8 A 10 H 17 i 48 73 KRB M 4.4 REHNL 1 e K, 9 0.38MPa; J¥ 81l e KRR M 5.2 M
R HLNL J) 2 0.3MPa, 30 AR FZ-F- S PR J1 0 0.123MPa. REEHLNL ) 15 R R R &
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EARSE (B 7(a) ), /D FIES 2 %3 2017 & Ju3E M.7.0 3652 55 51
WA, 5% % (2015) X A 7E L A
B R4 4 B S 23S FRARIHRER
B4 Q0L XOI 8.0 GUBRERT T gy M RREA R
-GS A 14 0 M\ 3.5 ~ 4.3 M 1 2017-08-08 21.27 3.6 0.043  0.143
AT Ty Bt 5 A 2R AL 2 2017-08-08 21.28 38 0.083  0.305
79 0.022 ~0.379MPa, 1 kX M 4.2 #ii 5% 3 2017-08-08 21.41 3.8 0.055  0.187
BRI N ) B ), S 0.379MPa, 14 R #t 4 2017-08-08 23.04 3.6 0.022  0.074
ST B F7 N 0.113MPa, ¥ L 5 2017-08-08 23.49 3.6 0.040  0.135
JE VMR TR SN 15 3 14 Y M 6 2017-08-08 23.51 370072 0271
VLR 195 7 0 1 B R L% T 7 2017-08-09 00:35 40 0.093  0.320
T T §  2017-08-09 05:16 38 0054  0.180
R B 4 (BT (D)) 9 2017-08-09 05:37 42 0138 0.469
s fns 10 2017-08-09 05:41 38 0042 0.142
FH AR (2012) 5T 1801 8.0 Gt 11 2017-08-09 06:24 3.6 0.084  0.286
o I DUV 3 X 3 5 A0 N g Y N s AR 12 2017-08-09 06:49 3.9 0.138  0.468
o BBLAE(2013) T8 7L 7.0 9 13 2017-08-09 06:49 38 0.093 0312
M G 8 1 L B 225 B B A0 N 14 2017-08-09 0810 43 0.180  0.604
1.5 FRBETLE EAR L, JU S b 15 2017-08-09 08:29 44 0187  0.627
S RZ R I 1 /T30 16 2017-08-09 09.22 42 0112 0374
B L R 1) L R B X 4 17 2017-08-09 09.32 43 0.184  0.631
WK 3 X 5 g ok 18 2017-08-09 10:17 52 0303 1.019
. 19 2017-08-09 20.03 3.6 0.063  0.216
e 20 2017-08-10 02:30 3.6 0.077  0.261
3 ZEipfnitie 21 2017-08-10 03:02 41 0.095  0.319

22 2017-08-10 0505 45 0235 0.786
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A study on the Jiuzhaigou M 7.0 earthquake sequence, August 8,
2017 ,in Sichuan Province

' Meng Lingyuan®  Zhou Longquan®  Han Yanyan®  Gong Yue”

Zang Yang'’
1) Institute of Geophysics,Chinese Earthquake Administration, Beijing 100081, China
2) China Earthquake Networks Center,Beijing 100045, China

3) Earthquake Administration of Sichuan Province,Chengdu 610041, China

Abstract On August 8,2017,an earthquake occurred near Jiuzhaigou County, Sichuan Province
with M 7.0. The earthquake happened near the northeast boundary of the Bayan Har fault block
where the geological structure is very complicated. The earthquake is located at the transitional
position from the north boundary of the Bayan Har fault block with a left-lateral tectonic
environment to the east boundary with a strike-slip tectonic environment and many strong
earthquakes happened near this field in history. The Jiuzhaigou earthquake sequence belongs to
mainshock-aftershock type with an extremely low seismic activity of the aftershocks. Although the
time intervals between the aftershocks with M, = 4.0 is abnormal in a short time after the
mainshock , the seismic activities of the aftershocks returned to normal soon after that, and the h
value of the sequence and the apparent stress of the aftershocks show that the characteristics of the
sequence is in accordance with the mainshock-aftershock type. The b value of the sequence is
0.84,the magnitude of the largest aftershock deduced from the G-R relationship is about M,5.4
(M.5.0) and the M 4.8 earthquake on August 9 is the largest aftershock of the sequence up to
now. With the comparison between the Jiuzhaigou earthquake sequence and the other sequences
with the magnitude about M(7.0 near the field since 1970, we find that there are many apparent
differences between the Jiuzhaigou sequence and the two M 7.2 earthquakes near the Songpan-
Pingwu area in 1976 in the spatial position of the aftershocks, the seismogenic structure and the
focal mechanism of the mainshocks. Therefore , the conditions were not sufficient for the Jiuzhaigou
earthquake to develop into a multiple mainshock sequence. The apparent stress of the mainshock of
the Jiuzhaigou sequence is 0.36 ~0.38MPa. It shows that the earthquake belongs to the undershoot
model. The average apparent stresses of the aftershocks are close to the background average
stresses of the moderate and minor earthquakes near the Longmenshan fault zone.

Key words: Jiuzhaigou earthquake; Sequence type; Apparent stress; & value



