531 % 2 # (290 ~296) hOE b E Vol.31 No.2
2015 4£ 6 f EARTHQUAKE RESEARCH IN CHINA Jun. 2015

EAN BT XM 2 JE A, 2015, ] CAP i ST R 48 5 2014 4R 2 1 23 H M 3.8 Mu a2 2 ¥ MLk, v [H b e, 31 (2)
290 ~296.

F CAP Az REXRFE 2014 £2 A 23 H
M, 3.8 W E = IR FH

SV A= '% SUN/NE <6 - [/ QLIPS < 15

1) FEPTHHE R, TR iR B X 40 5 % 339 45 401137
2) HARMFRERT, S 305 - 8567

8Z R CAP (cut-and-paste) % [ i 2014 4£ 2 ] 23 HE K% E M, 3. 8 M E IR HLHI
P30 My 8k 3,04, 5100 1 8 n) 46° V6T £ 44° W5 B iy 74°, 5T 11 GE 1m) 247° V6 A 48° B A
104°, P Bl J7 f7 147.25° A ffy - 2. 09°, T 4 75 7 46° A ff - 78.76°, & W 1% M 58 A& 1 & 1 7 & 19
W R o CAP YU E I IX IR M, 3. 8 b8 I SR IS IR BE 2 Sk, 76 il AU i )2 4 » 8 U5 HIL B i b
FH I AE ) A0 S RE R BT A — 4 IR FE D9 1700m LA S ) g SW230° {51 /) NW, i £ 45 45° 1K)
RIS W R AR — B A T B R TG L B K B R IR R AR K &
KGR M RE o AR R TR A AT RE AL AR DSk T N I AR RN S K A AL s AR AR AL il
BT MGG RN IR W Z AR A R

KRR KEME CAPHE EENH

[XE4HS] 10014683 (2015) 02-0290-07 (hES£ES] P315 [cmi#RiIREL] A

0 515

A= BRI N 9P RETD: U 0 G A L DAL oe: /R~ S /3B el VAR RVLI N TR e i R
L 2R ) 0G w B TN e 1 AR R A 2 SR BT SRR (B 1) o 1P M
JEIL KA AR TEA0 58 5 L ER R 55 B R TS R A 38 T o5 e 1) AR BT SR A A AR T i 2, LUOSR
A 9 AN S8 G 1Y 1) AR K B0 ) BRV-AT R AT A R s 2 i B O 2 R A U . 79 )
Js TR A MR W R 1 R G BTG, HOR 2T R i E sk 3 (Y )i
A LT 77 SRy 1991) o A% DX HURE IS S PR AR S5, P s 1 JE S L b Al B E A T
FLIN A A 20 {H20 80 AFEARA I TF4h BEAT Tk 35 177K R AR R A0 B 7= AR 1) v 7K Gd Bk JL 11 IR
JE 2 ~3km (K5 H [IE S 28 5 M DV K M 5 3% 3 1R 2 38 P vy, R AE B Ik 4 DL ERE,
AT ILAS S Gz, o T P T 45 X 3 52 0 ) B B K ML IX 22— (Lei et al, 2008) .

(75 HHA] 20144140; [EEBH] 20144231

[BE a1 B E s R KR (XHI4042) 3 5K 1l BHE F %135 H (este2013ggB0011  estc2014jeexA0028 |
cstc2014yykfA0234) Bt 4 %8 )

e RIN] T/ T, 55,1977 45 A, B A st R4 30 2 10 L, T DT Mt 5% R v R T » = 3 A it 5 W 0 00 5 b e

LR HE9Y o E-mail : cqwxl@ mail. uste. edu. cn



2 1 FNJEZE ] CAP J7yEWF L T R4 B 2014 4F 2 H 23 H M 3. 8 M 7% 7% R AL 291

e VS ATL A A > SRR I J2 T g 2 T 3 3R 40 L 22 D75 3k S O W ) 28 R R s e e ZE L A ) — o
Jiik e MuRE R A Ja s 0 AN [ B M RE 6 3 DT 4 2 B 1 b R AR T AT B b, BRI SR
JLRR UL o 52 UL M AN DU B 1 S 2 B4 e A ot R I R R A R LB KRR IX
P 3t g 2 A 5%, T HL B8 A 7 S SRR AR R U RE S VT AN B f R o it 1 A o BE A A Al
Bz G WK% &> Zhao 25 (1994) $2 i CAP (cut-and-paste) J7 5. 1% J5 v 5 75 % 20 Ak
T Ve AR R 73 73 ol o 3 26 48 HCHK) 52 AR A R A SR M 7 B AT 30065 0 % B R R A 4 T e K
PR AH R AR HSOIE AT B ASE, DT A W 17 b T 22 dpd S A 2R ANV A 3 501 AN (] 5 AH 2 I 22 S
PR D 22 5 BRI AT Rk T M e A R AR R 0SS B ) S . RIS i TR AR R AU A
ANE AT DLfi e 45 W O AN S 8RS JiE 5 34 BE B ARONS 6 i 808 A5 6 i 0 A K K. %7 E — &
Pt B A AMIEZE N G0 X 38 20 DX A ) o A R T T RE UL AR B 9T, JF R4S SR
ROCH R AR SCHR A B PR DXk 5 19 B S 30 A8 03 65 I 3 =3¢ 16D i A0y 5T B dls » ] CAP g
POAE 2014 452 323 HE R E M 3. 8 Hh % 1K 72 Y5 AL R0 5 R B EAT T I8

1 ZERHER

FE B G DU 5 DS 5 A PR B 1) AN 82 2 P B R v i 8 K, DX R S
S B K AN S 2% Pt Bt A 2 v B DT Ko DAL Ik, A R P DX 5 3 T B 3 i 3 RE )
e VAL TR AR I > %0 22 M SR T 72 P B 250km Y5 R A 1 B g 3k () 1845, 2013) o FEABFSCT,
K M e W e b H s TR B R BRSO M\ 3. 8, MR RE AL R Dl 29. 442°
N.105.591°E. FATEEHE T I 9 A 6 3l 1) 58 5 207 3 72 30 % 3R AT 72 YL 1 e i, 3X 28
5l e 5 B R R b (B 1) o MR T AE DX R B o R 5 M AL, It A A T S
AT 5 R (181 2) (AN 52012) 5 JATT R 288 28 R A< S $00% (FK U7 3%) v S8R
MR PR o T R RO R R B IR T M R R AR I E R T K X ) R YRR S R T 5
M 0 19 TR B R BBCRVR B S R 2 2% 3 S IR JRATT R CAP J7 95 %F 2014 4R 2 J] 23 [H
HPROR B M, 3. 8 i 52 [ A0 0 I8 B2 A2 SO L 1l gk 3t 4T S BT 9
2 Tk

X PRI H 1R S8 AU B S 2% B OGRS W N, T e A K T B A A AR 1R ) 1 A i) ) R
3K FE2 B Pl TR A5 A4S & 20 IF 4 Pl #8020 47 96 4 0. 05 ~ 0.2 He i i & 70 HI 4 58
A 0.05 ~0. 10 Hz 147 0 3 4% BEAT U8B o SR IR [ (R 98 B 3 S v 55045 310 10 218 Hh 72 14
HEAT DG WAL FE o 6 FEIXAE ) 23 M7 90 4 S [ 5 B v DL i st 4 ) 300 3 K 50 A0 e o AR 0 43 B A
o 3t B A IR AS i vl LU 00 S A J50 40 45 K By SR 1K) 52 ) B v 45 B0 24 (0 AR R e
H > A BB AT 0 i S W Mt S e A Y IR R U B (IR, 2013) o 2 RIRALEEE, 2 5 OE
WA A GUHA Z 708 R A Pol AR 3 A>3 850 1 % A B8Rt S v #0070
W e FATTHEL T 1~ 10km (8] 10 AN F 1 %5 & 3 K MK BR 50 00 W7 )2 58 1 1504 3 30 A1
LS i) I 482 2R AN 7] 5 5 % 2 FR) o 6 XU T A At R i b L AN [ R B B 3 R 22 5 49 38 g £ o I
IR LRV A it o

3 HERDI
3 Ca) % th 77 2 0 VAL A6 B A [0 £ 010 25 40, 7 L RE VR 4 3k 2 43



292 hooE M 31 %

BT o 8 S AR b X b 5 4 0t % 388 T ) 65 3 o0 A
D% I Jo 7 44 QFE 1 W28 5 WL 1y A6 3 e AR 17 28 s UBOU tlr pig B AR 87 S22 0 U )23 © H B30l 2
QT WL 21 ~4 S ~ [A15 K I Tof 2 ok i o 08 A7 B A /NI eh 2R = S i & 3

I 5 Y ML I A 1) S iy 22K BB ML el e RT L SR M R R R O 3km Ze A, P E B
RS AR B Rk 25, N IR ZE . G I R R UL 0 N T T GE 1) 46° i £
44° ¥g 3£ 740, A I G ) 247° 0 48° W Bl Al 104°, P Bl 5 4y 147. 25° i —2.09°, T
7L 46° M —78.76°, 3 W% M R A E 2y BER A e UM RE (B 3 (b)) o & 4 g ih
T AR AP A A 15 DL mT L R R L U OR B A UM R I A BB 2 M 3. 04
AR G5 R PR M R JR AR L R T P ) B U5 R A B I S5 RIS — B R W AT CAP 5=
PSRBT At 45 KL T SE Y

4 FBHMER
P TACANEE (2001) BIBFST AT 40, 2% 5 M 3.8 M1 % BT 75 B9 M8 00 11 75 41 5 NES0° & i, 76
J AR A 0 — 2 NW320° 5 1) (1 W1 2 A AT /K T 4L ES (B 1) o 35 & 430 b 5% 1 % NE60°
A T P G 2 T 0T 2% DR TR AR A 30° ~40°, K &) 10km , W7 J2 44 35 4 4 RO (TL)
AR 52 S B4 22,4 J74E o R R BT R K I M R W2 (B A il R LS 4RI S £E 1700m
IR PEATAE — 4% SWS0° 1) b6 v, 100 1 249 45° 10 “PEER "1 7 22 o aX ik M 3. 8 b 7% YR IR 2 Ok



2 1 FNJEZE ] CAP J7yEWF L T R4 B 2014 4F 2 H 23 H M 3. 8 M 7% 7% R AL 293

B2 ZREG N7 se s R (4 £ N e, 2012)

3 By 2 A0 R UL AR B AN [ R R £ A2 A Ca) B BEATL IR S s 45 2R (b)

Sk, £E 3 UM JZ S22 N 6 NI R B R AR OE DT S U K RO R Y A
{1 2 B 72 TR VR AL B 2R AU (Lei et al, 2013) (11 5) o FEUEHLHIME B 4570 T 5 % “IE 7 30 W
JEBEA — B W I 2 MR B R, OB ) R A R i R R X NE ) 3 Bl 7
FEA—E T A, O R A 2 P KO IR KR RIA 2km Ay, HLAEEEN
T RHAS A4 U2 o T KA 2 BRI PR B DR BB 2% T P B 5 5l 2 B AL, 77 AR ORI I B
MNP A2 G5 KR o Sy A — T3 1> 0 T DU )1 23 s g 3 75 1) P 5, /2 NW B8R SE Ji B g 35 78
N TR T R A NE [a] A R 37 ISR 3 7 5 e 1 TR 3 O B AT o i R A
I LASK, 52 NWW Jin 455 s » FAT 98 200 A7 A7 7K J7 1] (138 3l 73 52 R AL 08 7% 1 i R b X
JUIE VAT RCH A8 A0 3 1) 32 SR G S TN o IX Kt i P gl s 4 147.25° Ay - 2..09°, T Hl )y



294 b E O R 31 %

Bl 4 2014 E5 5 M, 3.8 Hb i /S bR B 5 e 3 B X b
KR EAR P, 9L BRI W T 5 BT 4 B HAR ¢ R BUE 4 b (% ) Rk B I 1) )i B2 (s)

7 46° A0 ff ~78. 76° 5 [ WL Sy By — B e [T 1) (1997 ~ 1999) b 47 6 22 ] (e LR
4,2003) 1997 428 J1 13 FI 2 B 5.2 ZHURE 0 R WML 15 A U 72 040 7 B L T .
B 1T o AT R R R AL K 8 I 035 1 T 7 K 000 7L BT 38000 i 2 1 3 2
P I8 T 4 0 1 4

5 #it
ARSCHI 2014 422 H 23 HE RS M, 3. 8 Mg i3 5 o A % % il CAP J5 2 J i

T % R LB A 758 250 00 35t 0 108 2 Y356 — A LS9 g 2 e B T 4 R M
AT I 0 [ 247° A 48° W3 s 104°, 5 72 e T 19— 46 R T v 1700m SE i) NESO°



2 4 EANEE ] CAP 7k ST R SR & 2014 22 7 23 H M, 3. 8 M2 2 YE AL 5 295

B5 (a) ATTHRYUHEKERIEIFS] (J Lei et al, 2013) ; (b) 2014 5% &
M 3.8 28 HbRE 1% R R E AH I 1R] 2 i Jo i) T L vy #0100 5 4 L5 A 1 T )

151 NW 50 20 45° 1) “JRE 738 W J2 AR — Bl REIRIR B 3km Jeg, 78 i Uik )2 o5 2
KA MRS AT T BE S AE DB Y 3 AR LR i KR A A I LB R A AR i e T R
IR I8 = 3 3 BT .

2 &3k

AR AR O R R i 2 5 2003+ [ JE 451 (1997 ~1999) 5 b 5T - Hb 7 AL o

TR A5 52004, TR FEWT ST, dbat: MU AR AL .

B CHTF A A, 2013, 2012 4E 9 H 7 H 2 gk B M5, 7 M5, 6 M iz U ik 2LRR1E 5 e 78 W F 5%, Hb R 4 B 2
1,56 (8) , 2645 ~2654,doi: 10. 6038 /cjg20130814 .

P9 )1 28 T 7= 5. 1991, DY )11 25 DX 3t o i A6 55T« b ot WAL o

FN e T AR RO ARAE 2012, T PR 2 5 M R IXORS A B2 45 4 J 2010 4R ML 5. 1 M TE R B RS A o 4 MR M T, 34
(2), 348 ~358,

Lei X L, Yu G Z, Ma S L, et al, 2008, Earthquakes induced by water injection at ~3 km depth within the Rongchang gas field,
Chongqing, China, Journal of Geophysical Research, 113, B10310.

Lei X L, Ma S L, Chen W K, et al, 2013, A detailed view of the injection-induced seismicity in a natural gas reservoir in Zigong,
southwestern Sichuan Basin, China, Journal of Geophysical Research: Solid Earth, 118 (8) ,4296 —4311.

Zhao L S, Helmberger D V, 1994, Source estimation from broadband regional seismograms, Bull Seis Soc Amer, 84 (1) ,91
~104.



296 = I T+ 31 %

Focal mechanism solution of the February 23, 2014, M,3.8
Rongchang earthquake with the CAP (Cut and Paste) method

Wang Xiaolongl) Lei Xinglin2> Gou Xianbin"  Guo Xin"  Yu Guozheng1>

1) Earthquake Administration of Chongqing Municipality, Chongqing 401137, China
2) Geological Survey of Japan AIST, Tsukuba 305 ~8567, Japan

Abstract A M 3.8 earthquake occurred on February 23, 2014, in Rongchang County, which is
located at the southern edge of the Sichuan Basin in the border area between Sichuan and
Chongging. This paper presents results of the focal mechanism solution of this earthquake using
the CAP (Cut and Paste) method based on broadband seismograms recorded by regional seismic
stations in the Chongqing area. Our results showed that the moment magnitude and focal depth are
M3.09, and ~ 3 km, respectively. The hypocenter of this earthquake is located close to a
buried fault in the Luoguangshan anticline. Oil prospecting and deep drilling data indicate that
this berried fault is a thrust fault, striking SW230°, dipping NW45°, and ~1.7km deep. There
are some injection wells within the anticline, and significant injection — induced earthquakes were
observed during the periods of injection of waste water into the deep formations through those
wells. One nodal plane of the best double couple solution of the M,3.8 earthquake shows strike
247°, dip 48°, and rate 104° (46°, 44°, 74° for another nodal plane) , in agreement with the
geometry of the buried fault. Therefore, we conclude that the M,3. 8 Rongchang earthquake
occurred as a result of fault slip along the berried reverse fault reactivated water injection under
the compressive stress regime in the area.
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