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Dianjiang, Chongqing, Mg4.4 earthquake: A possible
shallow surface earthquake

Huang Shiyuan® Li Cuiping Wang Zanjun Gao Jian Guo Weiying

(Chonggqing Earthquake Agency, Chongqing 401147, China)

Abstract: In order to better explore the causes of the Mg4.4 earthquake occurred on August 11
2016, in Dianjiang, Chongqing, this paper analyzes the strong dispersion of Rayleigh surface
wave, and the phenomenon suggests that this earthquake has obvious shallow-source earth-
quake characteristics. Then, we obtained the focal mechanism and focal depth of the earth-
quake with CAP method. The results show that the earthquake is a thrust event with strike of
nearly EW-trending, the moment magnitude is My4. 1 and the estimated focal depth is 1-2 km.
Finally, from the comprehensive research on mechanism solution, earthquake field damages,
the isoseismal curve major axis direction and the geological section, we conclude that the
Dianjiang Mg4.4 earthquake is caused by the slip of oblique fractures in the interlayers resulted
from compressive deformations of soft strata in sedimentary covers under the concentrated load-
ing of the regional stress field, excluding the possibility of the NE-trending Huangginyakou
fault as the seismogenic structure of the Dianjiang Mq4. 4 earthquake.
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Fig. 4 The focal mechanism inversion result and comparison of synthetic
waveforms (red lines) with observed ones (black lines)
The left column is the name of the stations and its epicentral distance (unit in km). The first-row numbers beneath
the seismograms are the time shifts (unit in s), and the second row numbers are their cross-correlation coefficient
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Table 1 Parameters of focal mechanism solution of Dianjiang Mg4. 4 earthquake
based on CAP method and P-wave first motion method
¥ A 1 i 1 Phh Thh Niih
73
e g Wshfar Eme e Wi rifae fhe Jyhifae Wifae e mifhe
A3 CAP 290 31 112 85 61 77 184 15 323 70 200 59

HHEAE(2017)  PEEAIBE 311 41 139 74 64 56 188 13 298 57 90 30




38 H = S Eire 2%

ZERR, BRIV 25 i 3 i 3 A A e LT BR07 R AR R 22, T LAV BT M4, 4 372 1 7 R IR T2
BRI, N 1—2km, N R AR H ST B — IR L s

2 R ES T

Kafka (1990) Fl Saikia 5% (1990) By BF 5% KB, 762 H AL T 50— 125 km JE[FE A I, 7] L)
BF 5 7 b R BT P L WL 381 Ve 7 B R A 1) F B AL T 0.4—2.5 s Y [ PN Y R A0 T 5 (Rg)
TE X R0 N R Rl Y BE B 32 %8 8 v A 2—3 km IR B B O A b 52 VRS, 4R IR T
KT 4km J5, 7EIZM0 30 FE P9 00 XE DL UL 1) 355 06 i) Rg I .

HIT M4, 4 M52 R AR, s2 T BEAL T 46— 128 km J5 N A4 & 3 th A7 5 A0 8 T 35 Wi iy
KAEME A Rg AR, Wil 5 fras. LI I WAZ B G B2 P EE Y 116 km, S50 & 3
PRI E S, SR 6 thoRm  WAZ GE . I 5 AT DITE B4y & o, N2k
1—2s, FFLe2 14—25s. B 1 bR T H 3 R W19 5 35 70 AR 00 8 . 83T M4 4 1= 1 I 8 R fiE

WoR, SUEREY W R T PRI, W BA T N TEBORIE, BUL R Re R 08 54 3 &
B, HAP SIS, 3] e i U1 25 b v 2 R AR | R U T I S A A

T % 3] 3k BT B (P H# 4
H, HZ
A V& RZ 1Y 35 bR Z — (Bath,

1975; % i %,

Rg ¥ Je 35 WML BE 42, 3 WIT 5 DX I i sk

2011) . AR H A a0 S i R 00 0 5 4 5 X 45 o v o 0 TR R Ao
Rg % 1 4% W 4 Pg A1 Sg 45 R sl SN S T~ e IR VR B, PRI & B 1Y Rg AT AT A S )
2011) .
JERAR, BWAEE %, NiZE DT 3 km.

T M. 4 MR R I &k TR MY

150

Rg
XHA ﬁ
—‘INWW l“i'lf'll\" g ﬁl\,h“-\‘ \w.llll' nr‘l \-‘-H\( A Arrafi
120  LIJ I,’ Ao ”"I‘ilf\{ :& o -'*V‘J 'f\”“w“‘.'\'f‘ T Hﬂl o \M,« T
/! ¥
SHz Pe ,’l "I;I ".||I \II u"lr ‘nln‘\_,\u’\,ﬂ'\}v'\“v\f\u"wg'\.w P i
§ 90 'I“ gﬁ‘I
= ; |
r YUB ﬁ
e —"""““"""‘""‘1;\"‘.9. |If|.kf-\’|ﬁ E||Uur\f || II|||""“ e
60
CHS pg J‘# &JL”MCH J\"..M-a B o P Pt e e e —
of Rg
0 12 2% 36 48 60 72 8 %
t/s
Bl 5 BuiiEESEBIEITE
Fig. 5 The vertical component waveform of station
3MFEERAE
e YR E A R R, R HIT M. 4 MR R R, HRE X FUE ARV E

5, VAU X B A R L T EW (] B KA BT
e by R B TR ARRGE | R R G Ik S G, B s R T 6k
SRR R R R S By R A | M R A 3 A T

(Ke6).
1%

kb & 5 35 Fi

BERTF G E .

Kl 19km, 4R 11 km, A2 165 km®

O BT M R R, 2016, T R HRT. M4, 4 HiH 2 B EE E A 5 RS S . 10-11.



1] B R A T PRI M4 4 R — A T RE R A AR IR 3R 1 b R 39

107°15'E

T BV Tl 5 A Toxjs ZEKTA Jze BERAL Jxe HTHAAL Jxs, Ds: VRN
Bl 6 T Mg4. 4 3 5% 5% vh b T M v FZLE 3 A (a) JL Vs A4 1 Hb O 350 1 P (b)
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Mg4. 4 earthquake as well as geological section along 44’ (b)

A X, EX T — AR IR BEAE 10 km DL B9 M4, 4 M2 i R B R Ui B E . IRh £
B R R W, A YR b R AE R R XU B E R MRS, AR B AR EIR Z E, ERGE I MR
. BRI, — A Ve B DURR 5 BRI sl 3 7F 7 68 th b 3R L 3R L2 AR A FE L X, MR firh &
J& 7 %% 5 Wt UL M7 (Stierman, 19805 T FF45, 2010) . HULASCINy, #RIT Mgd. 4 #E N & A
FE VR M FE BT, 33X R 5 B 37 1 A 1) 2 UL 4 G DX s L T 81 A b 7 R R ) A
HAHAE .

4 BERESREARRY

4.1 EHihRBE

T R AT GERL M 52 B0 47 % 5 5 R AR M4, 4 Hb 72 b b DY )1 A 2R, R )T AR SIOR R v
LS oy . R DX I AR AR 2 LR R Ll — A 0 L R A% IS T 24 T e R 1 VT T
o, MR T, DU S A O L XA AT I L — R G NE [ B B R B 52 1] A
AHIETHES Sy 3, AL FE B R W8 AL R 5 Z R 5 e 75 &L . i m A BR8] R
W AR (DU T4 3 BT 7 77 SRy, 1991) . 3% X EF Rl B b 2 322y =& R (Tyxj) .
H3 AL (T,D) Fz B LA (Tyj) , RS B8RP R G VR 41 (1ys, Toxs) o B HVH AL (Jx) IR
GHWZBHRA2), MBEREFE. St K& s shis, S 30kmEHEN A EEH
PR R Al Y AR W R, %R 9 NE B 16 . NW ) 4 306 7 2 5L 7E 45 U 42 Lok R
W shit (Ee6) .

OO )1 45 M R JR) 107 T BN . 1975, SR YT 1:20 5 DX 38 5 U A 41



i Q&

ki
i

40 b

4.2 RERERT

T Mg4. 4 M 72 PE 25 8 BROHE 10 7 )2 24 20 km, #5408 I 0 8 9 AS R M 72 10 32 B R AR M s
BARE CAP J7 ik i A5 52 WML A v 2 5295 1T IE BW () B4 85 SR R A A5 . 5 R 3 AR UK i 7 i
AR, R SRR, R REN S, NI B E, ik AR EF R K
B W), LR G R IR AL AR A 45 ORI T M4, 4 Hh R Y R R . I R A,
VL M4, 4 MBI R VO, S RL KM EW J7 ) B AT, K me 5] 52 0 3 i b 7% 3 i
EW [] 5 9808 NS ] 18 0 REAE . AR 45 45 52 4 4 b s 0y 1) 5 72 R AL ) 0 1 A 1] — 3, T R e
BN O 1) — 5 KRR 2 E 1) SR LT R U ] — EORY R AE (5K AE IR, 1988 TR A,
2014) , AT LU E T M4, 4 5% 1Y 5% 19 1 3 BW GE ). PR AT DL HE SR NE SE 7] 19 54K B
1087 22 o BT b 5% K2 R 36k 1) 1T B

DU 1] 235 4 Ay 1) 22 A ] 4 DO FRR 55 02 5 M 0 45 3R 4B A9 e S5 4, i T K B R AR
TS B M & 2T E 2R A AEDUR S 2N ES, OO SR 2R 20 3—7 km, LR A RRRES
il i I L2 A A, [ B A T AR 25 2 4 S e 2 R I A TR U B 1 b 2 R T (A S, 2011) .
HOUT R 1:20 T3 X 385 3t S5 08 2 4 45 VRO TR BE ) T SR, DR YR BT M4 4 b RE A T BN T T AR
NE it (9 47 38 = 0 3 ) b 22 38 AR 2 28 b 8 B VDR T 41 (0,8) T ([l 6b) , DLE IR A Rl 84T
O A N B ER S, HUUBREEA 1.6 km (T4, 2505, 2004) ; Uk 5 3 A #5091
Mg4. 4 3R FRUE AL T LV R i 4L (J,s) MBS 1 L2 N, BVAE 3 EW, fii 1] NNE, i ff1 4
10°—20°, ZE7R 5% 45 (2001) & F 058 XA [R5 1 HiJ2 B FE 1 SRl 5 0 ) 2R s i 25 SR e 1
HOR P Ge Vb R i 2T R s (Tys) R IR AR M 2 5L A LA TR S R L 5K i B N B B 5k B
K. B R /INVRIA A LU R B RAAE, T8 TSy & 2B 2 R s s b )2 . AR Bk 2 5 K&
A T T ) s b )2 T AR A DR 5 AE 2017 AR R AE T AL T AR M4, 3 bR (B P45, 2008) , 4%
JE X4 (2018) 5 T 72 I AL A 0 b 52 8 AL 25 R B 4 A 3R WY, BR T = e K ) 4 7 A B SRR
SRR AL, 058 b 2 & AR A U A A5 25 R R AR I 38 U 23 1 2 AR Bl 2 EL R M4, 3 MR
114 F A

ZE b, T M4, 4 MR A7 T RN e 15 &L NE S A9 47 38 00 06 37 ) 8k 22 30 Ok 2 4 b 4
VR 41 (Jys) o, REVE ML AL 730 EW ] 9 306 oh B0 1 5% 1 i 1 480AA o 31°, 5 1 1T {5 ff
y61e, WREEZY 1—2 km, HEBR T NE & [l i 5 ECHE 11 W7 J2 o0 & 52 A4 3 19 AT RE . O ok 7 7% U
TR F VR T AL (Jos) MRS 3 2 N, e XN 7 4 P /R B (8 45 5 v DR 4848 365 19
N TR AR S ARG I A S A%, AT R N R B AR ARG BT, B )R R
M2 KA T V)2 A8 3, A 2 7= A 5 055 W T8 2 00 Ff — B0 2 08 3, 3 T BB 2 K
o2 VR AL A 0 £ 5 2 O v 90 ) AN — 3500 R A
5Tt 5 4R

T M4, 4 3 5% 04 52 IS AL 45 5 R & 1 I NI EW ], 5 20 B 45 AR 4k K A R Uy
Ml —3. Z5 A CAP Jr Bl G I i AE R IR IR JE DL G 7200 S 19 R 1 . 303778 35 R AF A1 Hb o 1)

T PR A3 AT 245 S R T, bR A R VR B T BB AE 1—2 ke Y B P, 326 b AR — YRR A A % 1t 36 11
2 . e YR ML AT BE R T DX g B A vh SR AE T, DR SR SR N AR TR B I A2 B A

OO )1 45 M R JR) 107 T BN . 1975, SR YT 1:20 5 DX 38 5 U A 41



1] B R A T PRI M4 4 R — A T RE R A AR IR 3R 1 b R 41

W, A — SERR Bk (0 14 38 AR AL A 2R N IR, PR AR U2 W S, TR R IR IR X T A iR W2
A

HYT M DX b 2 E P B 2 BR RS RN O RREE | % I S R ) 9 TORR 55 2 4 R ML RE IR
SRR 2 R FE T BEORE, FRVLHL X VR T 3 km (9 5 R O R AT A, MR PR BT Z &
2L, o)z R . B — SR IR A R Kk AR AR DLRRZ T, (R IR R R A T AR AT
AAZH, M—REAEFERTUREZ R M4.0 H3E 528 5 W (Rogers, Malkiel, 1979;
Horton et al, 2005; B #i%5, 2011) .

TG IR A LR, BIL M4 4 MR R MR A 7E RARAIF IR . R LG, AR
N GUIA R YR 5= 1 A AT BE S Y i SO R TR A G, INE R B NI [ BT B A
M RAR R P IR X S N RN IE S FER 2 C R bR — 3 (Leieral, 2011; 5K 30 fh
4, 2012) . fHZ, AMAIFIFRLK, SUCHE R X &AL, /AN ER T . R R IR B
R HAREE AT VA A0 AT, B MR R R AR R, T M4, 4 BB PR S IR IR &
B, R UEHLE A R WoR i v A, WA B TR R ) R a A AR . B 2 I IR Y R
BHE R, BT O AR O R AT, R, 3T MR 5 Y R AR TR AE L S R A
TE—ERFR, M HERAW.

Hh I 75 Je b Bk ) BRAE 5 BT ] 2 R I AR 5 T BRI 4 O R T A M RR R S AR F 5
Pt T AR POE Kl WA IR TS S WA I, AR A e — I R R

2 F x W

I, B 2015, VUK T 30X My 4.0 L b b 7 72 UROBL ) A B R R TR JEE BB (D] R B LI 5 F 5, 36(6) -
14-18.

Cai Y C, Cheng J F. 2015. Inversion of focal mechanism and focal depth of the earthquakes more than M 4.0 in Changning,
Sichuan Province[J]. Seismological and Geomagnetic Observation and Research, 36(6): 14—18 (in Chinese).

TR, GivaE, e, HUHEE. 2010, HURATSCHY R E B SR (0], R MRS, 30(2): 46-53.

Ding D, Ni S D, Tian X F, Jing S Q. 2010. Progress in research on earthquake-related sounds[J]. South China of Seismology,
30(2): 46-53 (in Chinese).

TAZAS, 252 5. 2004, PR AZ A 7 5 € 5 R 1:50 J7 b 5% A4 & 11 )[M]. JdbBT: % i it 1-20.

Ding R J, Li K C. 2004. Research of Earthquakes in Chongqing and Chongqing 1:500 000 Seismic Structure Map[M]. Beijing:
Seismological Press: 1-20 (in Chinese).

WAL, TATHE, B E, ZEER. 2013, 2R OF LI 2012 4E 7 H 20 H VL3R MR Ms4. 9 2 i 72 72 U5 HL B A AR 5 TR (D).
HoBRY B, 28(4): 1757-1765.

Hong D Q, Wang X Z, NiHY, LiF. 2013. Focal mechanism and focal depth of July 20, 2012 Jiangsu Gaoyou Ms4.9 earth-
quake[J]. Progress in Geophysics, 28(4): 1757-1765 (in Chinese).

WV, EZEE, ZB4E, S, 2017, 20164 8 A 11 H K HIT M4, 4 b2 R R 5047 [0]. )R, (2): 1-5.

Huang S Y, Wang H C, QinJ, GaoJ. 2017. The principal features analysis of Dianjiang Mg4. 4 earthquake on 11 August 2016 in
Chongqing[J]. Earthquake Research in Sichuan, (2): 1-5 (in Chinese).

BARGE, VA, RICK, WA, BAELL. 2001, JIIAR M KRS ARG ], P4 R 4B R, 23(1): 29-33.

LiBL, SunY, Zhu W B, Guo J C, Wen S H. 2001. Study on the layer-slip parameter systems in the eastern Sichuan[J]. Journal

of Southwest Petroleum Institute, 23(1): 29-33 (in Chinese).

VIR, 2016, HOIT R AR XA A AR A .


http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006
http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006
http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006
http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006
http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006
http://dx.doi.org/10.3969/j.issn.1001-8662.2010.02.006

42 H = S Eire 2%

IR, SREEZF, BRAK, BHRT, SO A, MEE, PRE. 2018, RSO T AR . 2017 4F =R IX D AR M4, 3 MR T A
BB E [T]. M ER Y344, 61(9): 3701-3712.

LiJ G, Zhang L F, Liao WL, Zhao Y N, Wei G C, YangJ, Chen W. 2018. Earthquakes in the fold strcture: The genesis of the
M4.3 earthquake sequence in the Three Gorges Reservoir area in 2017[J]. Chinese Journal of Geophysics, 61(9) :
3701-3712 (in Chinese).

EUR BT 2F, M, A, WORAE, Bout, AT, 2013, 201249 A 7 H Z R R Mg5. 7. Mg5. 6 bR AR VR S 4R AT 5
KB EDTIT (], HERY B4R, 56(8): 2645-2654.

LiJ, Zheng X F, XiaoJ, Xie ZJ, Zeng X F, Li B, Dong F F. 2013. Rupture characteristics and seismogenic structures of the
Mg5.7 and M¢5.6 Yiliang earthquakes of Sep. 7, 2012[J]. Chinese Journal of Geophysics, 56(8): 2645-2654 (in
Chinese) .

B, BLOUE, ARy, WA, BRE, JEgE. 2011, — AN RAEETURG R LB R 2010 4E 1 1 31 H W)IE T —E K
TR A2 (] FRoE AR, 56(2): 147-152.

Luo Y, Ni SD, Zeng X F, XieJ, ChenY, Long F. 2011. The M5.0 Suining-Tongnan (China) earthquake of 31 January 2010:
A destructive earthquake occurring in sedimentary cover[J]. Chinese Science Bulletin, 56(6): 521-525.

PO 4 M BT 77 Ry, 1991, DU 48 X dsl b o (M), Jb 2. MM Rkl . 7-263.

Sichuan Bureau of Geology and Mineral Resources. 1991. Regional Geology of Sichuan Province[M]. Beijing: Geological Pub-
lishing House: 7-263 (in Chinese).

RIEE, Zk, B, XNRE, TFHFX, %, 2012. 2010 4 1 A 24 H (L PG — 7 2% Mg4. 8 Mo iR FRAF [J]. 5% Hb g )
55T, 33(1): 18-22.

Song M Q, LiB, Li F, LiuS Z, Wang X W, Liang X J. 2012. Characteristics of Hejin-Wanrong Mg4. 8 earthquake on January
24, 2010[J]. Seismological and Geomagnetic Observation and Research, 33(1): 18-22 (in Chinese).

ENE, FRM, A, WK, ARE B 2015, F CAP J7 ik RS E RS F 2014 4E 2 A 23 H M 3.8 R = TEALH [J]. h A
Mg, 31(2): 290-296.

Wang X L, Lei XL, Gou X B, Guo X, Yu G Z. 2015. Focal mechanism solution of the February 23, 2014, M;3.8 Rongchang
earthquake with the CAP (Cut and Paste) method[J]. Earthquake Research in China, 31(2): 290-296 (in Chinese).

BT, RPUIE, S2mEE, BB, FEHL. 2009. 20034E8 H 16 H R HE . — AN RER AE1E T 58 A M2 2 [7]. HuBk ¥y 34 2%
i, 52(1): 111-119.

Wei SJ, Ni S D, ChonglJJ, Zheng Y, Chen Y. 2009. The 16 August 2003 Chifeng earthquake: Is it a lower crust earthquake? [J].
Chinese Journal of Geophysics, 52(1): 111-119 (in Chinese).

WHREE, FBE, (RIIE, REAE, TATS%, KAN. 2012. 2011 4F 1 A 19 H %K M 4. 8 Hb 7% 09 7% U5 L1 A AR FE B 5% [J]. HER )
224, 55(5): 1624-1634.

Xie ZJ, Zheng Y, Ni S D, Xiong X, Wang X Z, Zhang B. 2012. Focal mechanism and focal depth of the 19 January 2011 Anqing
earthquake[J]. Chinese Journal of Geophysics, 55(5): 16231634 (in Chinese).

WHAL, TLEME, Totke, REEE, SRR, 0. 2014, & 6. 5 Juit iR & 5R W2 A K A & JE R T8 (1], HhER Y FE A
e, 57(9): 3060-3068.

XuX W, Jiang GY, Yu GH, WuXY, Zhang J G, Li X. 2014. Discussion on seismogenic fault of the Ludian Ms6.5 earth-

oy

quake and its tectonic attribution[J]. Chinese Journal of Geophysics, 57(9): 3060-3068 (in Chinese).

BUFFE, &, YRR, XA, 2008, J11 5 0 B T 2 2 A B B AR B0 R 0 R D A ik A TR R S B 4
il (97, HUBGE AR, 27(10): 1687-1697.

Yan D P, Jin Z L, Zhang W C, Liu S F. 2008. Rock mechanical characteristics of the multi-layer detachment fault system and
their controls on the structural deformation style of the Sichuan-Chongqing-Hunan-Hubei thin-skinned belt, south Gansu,
China[J]. Geological Bulletin of China, 27(10): 1687-1697 (in Chinese).

Fsc, AR, WEBE, O, B R, HEUE. 2018, 2016 4B 60T B BE 6.2 S B R E M (1], M E LT, 40(5)
1100-1114.

Yang W, ChengJ, YaoQ, CuiR S, Long HY, Han Y Y. 2018. The preliminary study on the seismogenic structure of the Hu-
tubi Mg6.2 earthquake[J]. Seismology and Geology, 40(5): 1100-1114 (in Chinese).


http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.6038/cjg20130814
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.3969/j.issn.1671-2552.2008.10.011
http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.6038/cjg20130814
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.3969/j.issn.1671-2552.2008.10.011
http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.6038/cjg20130814
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.3969/j.issn.1671-2552.2008.10.011
http://dx.doi.org/10.6038/cjg2018L0756
http://dx.doi.org/10.6038/cjg20130814
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1003-3246.2012.01.004
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.3969/j.issn.1001-4683.2015.02.013
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.020
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.6038/cjg20140931
http://dx.doi.org/10.3969/j.issn.1671-2552.2008.10.011

1] B R A T PRI M4 4 R — A T RE R A AR IR 3R 1 b R 43

de L. 1988, EEHI(1966—1975) [M]. db5t: MifZ Akl 222.

Zhang Z C. 1988. Earthquake Cases in China (1966—1975) [M]. Beijing: Seismological Press: 222 (in Chinese).

KB, BOTIE, RIS, Ewed, Jefe, VI, BROCHE, TG, 2012, VU A BT —FE B L XK R MR BT ST [J]. ML ER
YRR, 55(5): 1635-1645.

Zhang Z W, Cheng W Z, Liang M J, Wang X S, Long F, XuY, Chen W K, Wang S Y. 2012. Study on earthquakes induced by
water injection in Zigong-Longchang area, Sichuan[J]. Chinese Journal of Geophysics, 55(5): 1635-1645 (in Chinese).

RUER, SR 1987, DU H DX e b e EE 45 M B 0 20 B 5T (9], HBRR AL, 9(2) : 154-166.

Zhao Z, Zhang R S. 1987. Primary study of crustal and upper mantle velocity structure of Sichuan Province[J]. Acta Seismolo-
gica Sinica, 9(2): 154-166 (in Chinese).

E M RE A R L. 2016, FPRIIT B & E 4.4 1 E [EB/OL]. [2019-01-05]. https://www. cea. gov. cn/cea/xwzx/rdbd/
5217530/index. html.

China Earthquake Networks Center. 2016. An earthquake with Mg4. 4 occurred in Dianjiang, Chongqing[EB/OL]. [2019-01-05].
https://www. cea. gov. cn/cea/xwzx/rdbd/5217530/index. html (in Chinese) .

Bath M. 1975. Short-period Rayleigh waves from near-surface events[J]. Phys Earth Planet Inter, 10(4): 369-376.

Horton S P, Kim W Y, Withers M. 2005. The 6 June 2003 Bardwell, Kentucky, earthquake sequence: Evidence for a locally
perturbed stress field in the Mississippi embayment[J]. Bull Seismol Soc Am, 95(2): 431-445.

Kafka A L. 1990. Rg as a depth discriminant for earthquakes and explosions: A case study in New England[J]. Bull Seismol Soc
Am, 80: 373-394.

Lei XL, YuGZ, MaSL, Wen X Z, Wang Q. 2011. Earthquakes induced by water injection at ~3 km depth within the
Rongchang gas field, Chongqing, China[J]. J Geophys Res, 113(B10).

Rogers A M, Malkiel A. 1979. A study of earthquakes in the Permian basin of Texas-New Mexico[J]. Bull Seismol Soc Am,
69(3): 843-865.

Saikia C K, Kafka A L, Gnewuch S C, McTigue J W. 1990. Shear velocity and intrinsic Q structure of the shallow crust in south-
eastern New England from Rg wave dispersion[J]. J Geophys Res, 95(B6): 8527-8541.

Stierman D J. 1980. Earthquake sounds and animal cues; some field observations[J]. Bull Seismol Soc Am, 70(2): 639-643.

Zhao L S, Helmberger D V. 1994. Source estimation from broadband regional seismograms[J]. Bull Seismol Soc Am, 84(1) :
91-104.

Zhu L P, Helmberger D V. 1996. Advancement in source estimation techniques using broadband regional seismograms[J]. Bull

Seismol Soc Am, 86(5): 1634-1641.


http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
http://dx.doi.org/10.6038/j.issn.0001-5733.2012.05.021
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html
https://www.cea.gov.cn/cea/xwzx/rdbd/5217530/index.html

