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VbV M 7= AR R AR B IR G AT REE o F T VR M5 6 ML RE RE TP B AT AT AR R £ 1 T ST SRR K
I 1% T 5 KA OG5 N KT (Keranen et al,2013) .

5 TUA AR W S TR C A1 100 245 1 ) sk (B i K %5 ,2010) » HEER FBR S H
B A AU R R, UK SR T E F AR T B M AR K B BURE REh, LB
& RS K, A e ik &k M (Raleigh et al, 1976 ; Hsieh et al, 1981; Talwani et al, 1984
2007 ; Nicholson et al, 1990 ; Shapiro et al, 1999) . 7 3 [E f# 7o i Db X, K T S ) K&
TF R AF AR B 2 B 7K G By » M 52 36 ) P S 25 109 iR, 0 6 b 2 2 1 H v K il R 2 A AR 2 o
H 0 57 19 A2 15 (Davis et al, 1993 ; Holland, 2011 ; Keranen et al,2013) o« Davis 2 (Davis et al,
1993) i 45 1R 30 7K flah A 3 5 A T A 94 3 B0 458 < 142 7K 5 b R () A 76 TN 1) 106 &R b 7R R A
BT K I UL SRR B IR B S . i e, RIS B e M BT &5 A v K I ) ]
DU ok 3 W) b 5 15 332 7K 2 1) R IS TRD IR 3R o GO0 A 65 3l 5 67 A1 4 AT R G IR 0 T » e 8 R
ff b 000 S R 0 R A AR B RE AL E SO E R R e RN H T S A KO
DR A R B2 5 T LA b R 5 5 2 5 v K F R B G 28 ) W 3 ORI R U R T ) YR A DU S E
SR > 72 YR 8 — AN AR HE B U 52 ) 20 A8 B B A R X, JL R 75 — EBUR 4 K LR
FRIE 53405 SR R A o 810, 4% 5 4] B5 M1 M5, 6 M 7% % ZE )5 Keranen %5 (2013) JF Ji& T b 7% ik
DRI 5 W38 T M52 5 70 (1) 5 5T BEE 5 I 45 45 1 8 5 b 3kem YU [ 9 VR KIS ) (B 1) S 047 T
WG HEBR I R 5 R R W, 3 1993 4F LUK, 5 X W [V K S 303 80T 46
(Oklahoma Corporation Commission Well Data System) @, AT I 123 [ K% S
29 1.3 ~2. Tkm [ A F1H 5 7 90 vh— 28 90 e U b 7% 1) 58 V5 R B e 0, i L Rt R S
KA BEAFAEBE R o ARITT, 15 26 [ 3t i 1A 7 J5) (USGS) S5 HLAL 45 H 1) 2% Hh 7 () e R 1% (3% 1)
FAER R ZE 5, — S M A R PR S wIA 12km, i /KIE S H S 25 . ik, & 2t
U O b R T T A P R 5 R U S E

FIAT > AT LU P Rt 00 65 2 B0 00 5 o YR B2 > 0 ] UK 7 b 5 2 vh 5 I FH BT 1) O 92 40F
FURE VTR SEE o 5T 58 I I 7 R R B2 1) 75 vk R P S 3B 0 21 I B 380 I 222 o v 5 7 YRR B
1 Hypo R AIFEFF (Klein,2007) &5 o AH I 58 I8 75 VA 45 21 10 552 U5 8 B2 100 RS 82 52 3] 65 il 2% B 1Y)
B A6, (AL & 3 23 A % AR I A Be 4 2B i RG BE 1) R YR i o 17 M 5 YR T bt 5 A 0 O B U
(R4 JEL > R AR FH R 40 R~ s e 2 2 8 T A5 IRk e R R B (2655, 2013) o 1, Zhao
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THT 98 [5) P AF X 58 5 13 BB 06 A7 20 240 TROVR BE o 0T~ P A5 s B (K M 7R (M5, 5 ~6.5) » L5 e 8 4%
ARG PG S 2 (B 2B Y145 2013) 5 DRk i LUR oz 58 808 5 2 U5 IR FE 2 B0 AT oe -
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B AR 5.6 i i v Kok K I A A
i S P R S R A BT AR S X

e CAP S RIGMER VS rTSE 0k o JEAR I S i 45 21 (R LA 4. Okm, 2035 5 5 1 7K IR
BN AT o AEAS SCHR S SE T T 3 5 R V5 S U b BE A (Somerville et al, 1999) 43 #7, 13 31 % 3¢
D8 BELY D 7. Ok, LR AR X B ZRIRFEATIA 1. 4km ¥, T 23] 8. 4km AL, £EIF 1.2
3 (KIE RK R PV A o s A 2 b R T RE L 2 S O R R R I K B A R

1 BRHMOS. 6 RMETESH
AU i 1 A I g (My) R FE (km)
WPhase 329°/85°/ -9° 60°/81°/ —174° 5.6 11.0
USGS Region 55°/86°/ -176° 324°/86°/ —4° 5.6 7.0
Centroid 235°/86°/164° 326°/74°/5° 5.7 12.1
GCMT 54°/88°/ - 178° 324°/88°/ -2° 5.7 12.1

SLU 235°/85°/ - 175° 145°/85°/ -5° 5.6 8.0
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1.1 A%
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30° ~90°) Ayl it T 15 75 ) (Z 4 55 (¥ Py A ) (T 43 5) (¥ SH B EAT B, i oA A A
P 3 ) 43 S AR 1) i 3 DR R - (D 0l b e R 5 A I RR PR I KT A i R
K¥5%mi (Langston, 1979) ; @I 5% SV 7] it 2 %2 2 SPL EAH M T4t % JE & %% (Baag et al,
1985) o [ 30 (2012) 8k K e T CAPjoint J7 s, 1% 75 V0 45 & 35 7% Rt 7% e % » K i
R I8 5 5 A T R R S B0 E A AN TR 1 BRSO SR T T AR I R ST () B SR T B R 2E R
K0, M £330 58 U IR BE L 1 2 5
1.2 HEREREHER

NI FE A I 5 R R Bl ok BT IRIS W (www. iris. edu) » 97 A KR S50 ik
HCHCHE I 2 SR R 5 3 5 il 3 L AT B 1 O A A e A (L 2)

5 HCHE Ak B 2 e, v 5 Bk R A R A g L DL R Pk W BT AT ) 3T RE T A
FLU R T HR 3 R B K D U B T8 25 B A8 T I, 3E AT K (8] IR i A% i B 45 31 ZRT = A
OFFE e AE RS R o 6 X M RE 1 T RE T 3 IR U 1) O 98 v LR 0,02 ~
0. 5Hz, [f I ¥ 17 T8 98 B 95 F R 0. 02 ~ 0. 2Hz; 1M % 328 7 9% » P gl 119 45 3 98 9k 35 161 4 0. 01
~0. 15Hz, SH 3 [ 77 B JE PG H 4 0. 01 ~ 0. 1Hzo 3 HUX 26 551 B, R A8 395 42 b 7% i Y530 0L
0 2SR, AT s T = 4 45 4 RO

16 RO R, 2%k 30 (FK) (Zhu et al, 2002) 14535 575 #% bk 28 %, B Holland
(2011) ) Central Oklahoma J# & A5 714 VE Ay 55 Y5 X 45570 (8] 3) o 177 328 5% 10 A% A R 00000 48 T A%
F 4 B 757 (Kikuchi et al, 1982) v 4 B¢ I 78 14 % 4% Ak 28 25, 78 U6 X [R] #F & B Holland
(2011) £ Central Oklahoma J# 5 55 28 . Hl1 g 4 1 % F§ PREM (Dziewonski et al,1981) . [A] I,
28 5 T 0 Al 0 TE YR R v, P R SH P 43 3 X 1s 1 Ss ) ¢ (Kikuchi et al, 1982)
(6" A3 7% A AR 30 vk 223k IR 1)
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2.1 RIFREZEIRS M

] L3RR 3 R R AT T A A R 43 B R SR R AR SRR S B4
(a) ~ (b))~ (e) J3 45 Y T AT 52 I 78 ~ 3T 328 3 YR 5 5 ¥ A o 7 AT 5 Ml DX IS, 6 3t 3 F) UL 00
TEL5 AR W T AU 5 18 7 BE VR B 1K) 23 A > 25 SRR W] 3 b s e SRR B NPT LA
FERS AR BE L REIR ML AR 10 AR AR i W 3 Ff B 8 925 4 80 1 AL o At B A — 280, B i
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K2 fRIeHfrh 5.6 b 5E KOk e 5E & uh 7 A
* 7R 2011 AR A T XS, 6 Zi b R RE R @ IR S T A IRE VR s L R B AR
JIT AT FH 226 5% 3T 5 5 3 44 R

AT 5 B A SO A B A AR U 5 R L 2. i3 2 T A, T BOHE I i B A
T2 T B TR SO I A R BB

®2 RIBRNEIRER
PR A 1 I (M) P JE (km)
Sl 52°/86°/ - 180° 322°/90°/ - 4° 5.5 5.2
R 50°(230°) /90°/ - 180° 320° (140°) /90° /0° 5.8 5.7
kA3 R 143°/81°/ -9° 234°/81°/ - 170° 5.6 4.9
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Determination of source parameters and seismogenic analysis
of the M5.6 Oklahoma earthquake on November 6, 2011

Wang Xiaoli'"”  Ni Sidao”  Chen Weiwen'> — Wu Weizhi'>

1) Laboratory of Seismology and Physics of Earth’s Interior, School of Earth and Space Sciences, University of
Science and Technology of China, Hefei 230026, China

2) Mengcheng National Geophysical Observatory, Mencheng 233500, Anhui, China

3) State Key Laboratory of Geodesy and Earth’s Dynamics, Institute of Geodesy and Geophysics, CAS, Wuhan
430077, China

Abstract On November 6, 2011, a M5.6 earthquake occurred in Oklahoma, United States of
America, which was the largest earthquake ever recorded in the region over a hundred years. We
used CAP method (CAP, CAPtele, CAPjoint) to invert focal depth and mechanism of this
earthquake, and the result shows that the double-couple solutions of CAPjoint is: 234°, 81°,
—170° for strike, dip and rake, respectively. The other nodal plane is 143°, 81°, -9°. We
also applied different models to verify that the CAP inversion result is effective, with 3° deviation
in fault plane solution and 0. 5km in focal depth. The result of CAP shows that the centroid depth
of this event is Skm, being a shallow earthquake. Based on the scaling law of source parameters,
we obtain the 7. 0km width of rupture zone, top to 1.4km and bottom to 8.4km, within the range
of water-injection depth of wells. This implies that the M5. 6 earthquake is related to water—
injection during shale gas exploration.

Key words: Oklahoma earthquake Focal depth Focal mechanism Waveform inversion

Water-injection triggering



