%38 % 461 W B OF W Vol. 38, No. 6
2016 4E 11 J1  (835-846) ACTA SEISMOLOGICA SINICA Nov., 2016

iRy, RBris. 2016, Wi TLHIHRE K PE 5% 52 U 2 BURFIEDF 9T, M A% 2 41t . 38(6) : 835-846. doi:10. 11939/jass. 2016.
06.003.

Ma Q Y. Zhu X Y. 2016. Characteristics of source parameters of the Shanxi Reservoir earthquakes in Zhejiang region.
Acta Seismologica Sinica, 38(6): 835—846. doi:10.11939/jass. 2016. 06. 003.

M TR ok R B B RS M AT 5T
LRy KFE

CRERLM 310013 #iVLA HAZ )R

FE A 2014 4 1 42015 4F 12 7 T4 X0 M7 6 WIS SR A 1360 TR K %
M0, 5—4. 4 HFZVERE, R Brune SR, A G 5 AR A B0 S AT LT BRI L A iR
USRI B AN J e 380 TR X3 R A R A AT R L BN AR B R IR AL B 0. R
0 FH 38 A S0 T A5 80 03 A7 0 36 0 R U 0 B 0 U A R i TS o 0 X b R R Dy
1010 N »m, YA 42N 33550 m. 45 MM N 2. 439, 7 Hz, HLRE R ) W N
0.04-6.74 MPa, ML Jy 2y 0—2.75 MPa. FESUHERN 1o X4 2 BORAE S G R AT R Ge bk
SIHT s BEREW] R IR S BRI — R AR BN BOE X AR SE R ] B R
Wi 45 A1 0 A JE DX PG G B R K BRI 5 0 g W g A A 2 ) b R SRR 5 A
WA 5 0 2R A A 5 il B AR G

KR KEEHRE RIS PR s
doi:10. 11939 /jass. 2016. 06. 003 hESZES: P315.373 XEARERG: A

Characteristics of source parameters of the Shanxi
Reservoir earthquakes in Zhejiang region

Ma Qiyang® Zhu Xinyun

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

Abstract: According to the seismic data of 1360 earthquakes with M, 0.5—4. 4
occurred in Shanxi Reservoir from January of 2014 to December of 2015, which
were recorded by the Regional Digital Seismic Network of Zhejiang Province,
this paper obtains the source displacement spectra by using Fourier integration
of velocity spectrum in the frequency field based on the Brune’s model, after
the geometrical diffusion correction, medium attenuation correction and instru-
ment correction of the velocity records from the stations, and then the corner
frequency and the source displacement spectra at the zero frequency are acquired
with the genetic algorithm. And then the radius of the epicenter, the seismic
moments and other small local earthquake source parameters are calculated.
Furthermore, this paper systematically analyzes the characteristics of the source
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parameters and the relationship among the parameters. The results show that:
seismic moment ranges 10'°—10" N «m, the range of source radius is 33—550 m,
the corner frequency ranges 2. 4—39. 7 Hz, seismic stress drop is in the range of
0. 04—6. 74 MPa, and apparent stress is in the range of 0—2. 75 MPa. The
result also show that there is some log-linear or semi-logarithmic linear relation-
ships among the seismic moment, corner frequency, Richter magnitude,
moment magnitude and other source parameters. In the space domain, the
stress drop and the corner frequency are higher at northwest section of Shanxi
Reservoir area and lower at southeast section. In addition, there is opposite
relationship between the stress drop and the seismic moment in space, mean-

while the corner frequency is negatively correlated to the source radius in space.

Key words: reservoir earthquake; seismic source parameter; corner frequency;
spatio-temporal distribution

518

JE DX M 52 A T VLAE M X LA B 2 1 MR R, ARk IR K R X R A 2 LR
U T & T B ORTE. WHE K P X A W A i 3o B % s EXE N 29 14 5%, W
— IS 10 Tk, WA 5849 2030 m, {7 F 5 km IREELL L. HEE IR £ 84 NE
[ A NW m) P2H . NE [ W 280958 7] 25 NE40°—60°, fiil 7] LA NW 25 32, {5l 60°—80°,
Z R WE R s NW W2 i 5E 10 2 NW40°— 50°, fiiln] LA NE iy %, i f 2y 60°—70°,
£ o0 K2 RN E W TR . R R B NW ] B 24 D) 45 K R I BLSL.

WHE K FE T 2000 48 5 HIFAE & K, 2002 48 7 HERIF G L EME, MEHA —HA
SRS AR A, Kb B E W m B EREMNIG A 3 4. 2002 45 7—10 H B5—4H.
RN M 3.7 #b73E; 2006 4F 2—11 A A% 41, ek Mi4.6, I 2—5 A RAEFER
BAE) . ZJE MK 8 AERY My =3, 0 #h R P s 2014 4F 9 H—2015 4F 4 J] 55 =41,
Wik 2014 4F 9—12 A RAEBEMNRRGE 0. X HARBIZEE Q2010 E M —. —4lEE T
PLEZE R, AR BET T ZRNZE X MRS S s is s B, k4 M =2, 0 #hiE
258 WK, Fx RHLAE S M, 4.4, 52k (119. 949°E, 27. 704°N) , BIEIFE AN 3 km.

WL AR b 72 JR) 76 HE K e b 7% & AR B A T F 6 % R KRBT bR 6 ™, AL 48
. Ba ., . W, B, WHE . EIZE G X auh i Bl sk 1O & R Bk,
FIH B RIESEUL B o i & SR G 0 R BRI 1 1R S B0 SCRe. BT X AR IX 0K e
Hi R A AT I AR O AT TR LA LR P AR 0 1 5RO A B MR PE B R CR B is
2, 2004) , JEXA BT GRILZE, 2013), BIRSEFGE o P =25, 20045 TR,
HBria . 2008) 5. X LY N 1% X B R Y AR R R AR T B 0 R ) IR R R 2014
AE 9 H RERE UG Bl 5 B RO RE BEAS 45 00 T X BT I A b AR IS Bk . AR SCHA
TS b 5 Y 0T R U R UE Y LR R S A, R X D) M AR Y 2 O AR AT 4 Kb
T, DAHIZE G R IR S 8078 ) o A A R A1), R Z A YK 2 DX S 7 1) R A R

1 BEES5H*®
BT A TR . MR I 0L R R B I M A Y S 45 L, A AR Ak B



6 39 Eh A A - W TLINHE K 2R 5252 IR 2 BURAE BT 5T 837

FBR Gl P AR R IR A B 5T R IR S B e B AR AR R IR S R R IR S BRI
A3 F Bt (Aaron et al , 2000; Bindi ez al, 2001; Giampiccolo et al , 2007).
Bl s B A WL 3% AT LR R
Sors () = Oa (HPCHGHICH, (D
Kby S (O R E MM TE . O () KGR R IRE . GCO MmN, TCH Ry A i B .
P(f) =Ry "expl —nR, f/( QU v) IR, Ry HREIEE. £ ABHA, QU h M &
B, og B E B

BCEW [ F1 NS [ ¥ 5 A B85 W S il SEECE T 5 B e ik, 358 o felt A4 D
B JUT i P RE  BOE S PR ARSI L JEE Sy M s AR B i R IO DA —
# (Rautian, Khalturin, 1978; Aki, 1980; Herrmann, 1980; Matsunmni, Nakamura,
2004) s A BTAE ¥ 591 5 98 R A B 3a Rk L (2006) 38 538 8 187 % 3 JIr 4R B 1 2 B A7 RS OE
4 54 1% R FH R T 3 B2 2% (2007) ) FH IS 388 46 45 1) 4% SR HE AT 4 OE .

o Y PRAIE 52 P B A AR e 1 . ZETE S B35 R A Chael (1987) 42 Hi A SE I 1
PR B S BB IS n A AR /NS Bt S L. 25 B 1/ 2 Bl B A%
B U B8 By — 2P &, X S PE BT ES 9 n A /NG BOtE AT A UG RIR
FeHfe . XHERRARAG TRAEURB R BN o BOBEE . R o DBEERRE Y 2

TS P B TS B R -
N N oo T
O = 7 /;d,(f) o (2)

. OCH AN FLTE s n ABIRELRE, XHEI n=256; T HEE SPHEK; « MEIE
B, il B e AT T R e DL R 1/ 2 O AR R i B . X (2) 4y
FITE EW 438 1 NS 43 B RIS . JEAR 4R T XA i & G2 IR I 3% (Aaron et al .
2000) .

O () = VO (NT +[0(H T (3
Ky Opw (O FN Oxs (HF331K EW [ A1 NS [ (W . O () Ny A 5 3 3 — 4 ML 7%
IESRH IR, T S PR IR AR, & RS VR A AR B 5t 5 2 A xR — I
57 [ 47 i 35 249 16010 D8 2% 3t 5% ) A S8R M
M Brune(1970) ) o’ BRI (Shi et al, 1998) , BHIE A% IR A% 3% 0l %R N

\O‘he(,<f>|:90[1+ (Jfoﬂl )

KA O () FHE RO B Qo R VRIEARMING R, £0 AEMBR L f £
Sk S AR R S S BN TR R B Ou ()5 Oue () BoA R /NER 25, AT B 5
ZHQ, B L.

AR BB, HE TR BERRCRHZE. TR, 2008). MM
FRREAR, FE 118 Hz I, {SHE R 17 19 R 08 Fa 2 ELAR A7 824K, BT LARRAEAE 1—18 Hz 5[ W
MR, i bR R gD . SETIRTE Q0 A fo.

A [O00 (1) = O (SO
P Ry et el
A m PR SR e N EFRE . O i) — Mo 52 B0 I 35 55 10 N R IR L RS 1 5 1 2 6 F 4

5




838 Hh = 2 Eild 38 %

i+ Ouneo NI o BERITE TSR Z RS, b HPUR ST 5.
PL 2014 4F 10 H 25 HEER KAR M 4.4 5B hH, HERIMENHREMBE. £6
Vi B i E DL R LA S B R B RS, K 1 .

10°F ()
g
= —— EW[il. NSJ R RN
— il
------ W 7 ‘
107! 100 102
100 E
g
%\I 10 2L
®
= — FE O
— FR R
P R L ‘
100 10!
fiHz

Bl 1 2014 4 10 A 25 HHHEIKIE M4, 4 37 049 67 F 3% 1 32 2 52 41
(a) B (FIME) B GMEFH LR (b)) 26 W RBHGS LHPHEMZ &8R4 4R
Fig.1 An example for calculating the seismic displacement spectra of the M, 4. 4
earthquake occurred in Shanxi Reservoir on 25 October 2014
(a) Comparison of the source spectrum recorded by Taishun station with noise spectrum. Blue line
represents north-south and east-west observation spectra in NS and EW direction; red line
represents the average observation spectra, black dotted line indicates the noise spectrum.
(b) Source spectra (blue lines) and their average spectrum (green line) as well as data
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fitting of spectra of a series of stations by using the w? model (red line)
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Fig. 2 Distribution of earthquake epicenters (dots) and stations (triangles) in Shanxi Reservoir

Fig. (b) is amplification of the square in Fig. (a)
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Table 1 Comparison of fitting scaling relations of source parameters in the

Shanxi Reservoir between this paper and Yu and Zhu (2008)
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