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A study on S-wave splitting using waveform data from Shanxi
reservoir induced earthquakes in Wenzhou of China

Zou Zhenxuan® Li Jinlong Yu Tichong Wang Zheng

(Earthquake Administration of Zhejiang Province , Hangzhou 310013, China)

Abstract; More than 1000 earthquakes induced by the Shanxi reservoir in
Wenzhou, Zhejiang province of China, were recorded by both Zhejiang regional
digital seismic network and Shanxi reservoir local digital network during the pe-
riod from Feb. 4 to Oct. 31, 2006. Using wave form data of these earthquakes
we studied S-wave splitting characteristics in the reservoir region. The earth-
quakes were relocated and the S-wave records with travel paths within S-wave
window were selected out for analysis. The fast wave polarity azimuth and the
slow wave time delay were determined by using the technique of cross-correla-
tion coefficient analysis. The result indicates that S-waves coming from the res-
ervoir earthquakes show notable splitting. The average fast wave polarization
azimuth obtained at different stations generally coincides with the orientation of
regional maximum principal stress therein. In Shanxi reservoir region the aver-
age polarization azimuth of fast S-wave is nearly in N—S direction. The scatter-
ing and spatial variation of the deduced fast S-wave polarity may be attributed to
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the effect of local structure inhomogeneity. Presently the stress field in the res-
ervoir region has recovered to stable state, and there would be little possibility

of occurrence of a next strong earthquake.

Key words: S-wave splitting; reservoir earthquake; cross-correlation coeffi-

cient; fast S-wave polarization; principal compressive stress
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Fig. 1 Epicenters of relocated Shanxi reservoir

TE T % 52 S 05 A RS Wt 7 o7 Y 5 il
b Bk AT A AT RO MR BT S W
BT HARAF R M =2, 0, [FH R AR BB IC R e % . A I 2R gk £8P i) 5
Bl S PRI L P REE R BiC k. SEPRAY S P Ay BT 2 2 S P MR KR . BRI S
P S FR AT Y MR AR T BEBR L. ARSI /K B, 2 S PRI A A2 i =sin ' Cus/0p)
s S WA A U FE I A Z 2 A — A R AL R Y RSP R i, B AR
U JE S Pz AR eIk, SREREIEE . S B4R 1) ok . DR AR K T B S AR B
IR, AN S P B o3 i id 2 Bl A T S e AL A ST X S I Ll AR R
WRAE R BRI BT, 2 os/op =V3IF, W is =35, AMTH X AJEREFR N S Pt 1. AR
FHHTIL 5 A E AL Y 4 2 A BEREAY . BRI IR 24 0.5 5.3 km Al 26 km B, X
I P H B4y B 3,02, 4.52 km/s F1 5. 95 km/s. Z5 G G095 245 9, AT LT3 A
KRR E 6w A A

Xt SE A AP A0, AT A A T TR M . B M AR N A R AR
I o 3 Y T R T AT AR SR A A 2 B A A0 DD o O A R I ) 0 1 T T
[6] 7 D00 T J3E A TR0 A IS A R MRV K R P T BRI SR AT e 5 A O 40 RO BT DD 7. AU
O B B OR T ORI A BT DD 7 Y SR 7R XA T Y TG S R S B 4 x5 1) i
OrISEE. AE 203 IR 6 B ufidt 1218 Fbigic sk ik dls LR BN, 47 406 4%
MR A0 SR B PRI R A3 S By HBL G,

2 SESRITERZE
PRy 7 1B AL R 7 . HOAS 8 510 Ha PR R 5 B 08—

10 Hz (4 ELHR IR 22417 18 38 I A X e 46 5 #E 47 38 % (18] 2b) (A2 114§, 20065 Peng. Ben,
2004) » LA MR, SR BCT R O R SR iy T 5 009 o3 2O e iR A R 52 e A K

induced earthquakes

http://www.dizhenxb.org.cn



426 I A 32 %
N
(a) /
N-S
ﬂM\MV\//\/\AMA«/\'\/\A/\AM’W‘WW’WW
v E b [ 100000 counts

£ S sy | VA VaV4 V4 W WV VSN

M

(c)

(d

10”counts
Lo

N
10° counts
2 HARREE S RE A G105 2006 4 2 H 19 H 110 9 48, M.2.6 #152)
(a) PIEJEsE R 3R IE s (b) JKF ] R s b fZ e 5 s (o) Zead KRR IR 2% 38 8 I 75 (5 B 0. 8—10 Hz)
RGP 5 (D BERB AL (o) PIKT 1) K08l 28 4 . OB e % J 1 B
CHR BT DI % 07 17 g 52. 387, WF[AJZEIR 0. 02 s)

Fig. 2 An example of S-wave splitting derived with cross-correlation coefficient method.
Earthquake origin time: 11209™ on February 19, 2006, M; 2. 6, Baoyang station. (a) Principle of wave-
form rotation; (b) original horizontal component wave records; (c¢) after Butterworth band-pass filtering
(order 5, 0. 8—10 Hz); (d) particle motion trajectory; (e) two horizontal records exchanged, then

wave rotated; fast S-wave polarization azimuth is at 52. 38° and slow wave time delay is 0. 02 s
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Fig. 3 Statistics of fast wave polarization azimuth (rose-lobe) and slow wave delay time (histogram)

Red line on circle plot denotes average azimuth, red arc marks azimuth standard deviation
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Fig. 4 S-wave splitting result
(a) Temporal variation of the polarization azimuth obtained from Shanxi station records, dot size propor-
tional to quake magnitude, solid line denotes linear regression fitted result; (b) temporal variation of the
delay time from Shanxi station records; (c) spatial variation of the polarization from Shanxi station, nee-
dle mark length proportional to quake magnitude; (d) spatial variation of the polarization directions ob-

tained from Baoyang station
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Fig. 5 (a) Statistics of P-axis azimuth from focal mechanism solutions of M| == 4.0 earthquakes;

(b) statistics of fast S-wave polarization azimuth obtained from all 6 stations
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Fig. 6 Fast S-wave polarization azimuths plotted on geological map of the Shanxi reservoir region.

Line bar denotes average polarization direction at respective station
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