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3 20 5.51 331 1x10% 0.25 0.495 0.7 5
4 60 10.15 5.85 1x10% 0.25 0.495 0.7 5
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B ] B HALBR R B RANA G M2 T, MR
WOK BB ACEF G, RIS RS ShPEA R 3%
Ak, X —ING AT RS I X R P e = B S A 1 s R 5
YA S, T S R S N I X SR 3 b R 0 Bl P
B,

4.2 MBI &R

AT P X b R S SR 1Y 43 B T DA AR H SRk A
filh, VEAR AR E SR A0 50 8 M R 2 G I P 25 A T4 .
FeR A (MAXC) 2 52 HIRZ 98 7 R 2k (M) i —Fh
R . B BRI (WyssSE, 1999; WiemerflIWyss,
2000) . 2l BRGRH-ME (G-R) A2k (1€19) , itk
— S BU B R AE B M, (Woessner fllWiemer, 2005; 15
G5, 2020), MEAERG-REZEPWELESE, S EX
FK TG DIEAS AL AT ITAG 7K 2 2 7K DX Sl b 2 3% Bl 1) 5
Mel o P T Hb R R 8 R R B O, B LAAS SCR F Utsu
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(1966) & X (5) 115 bE :

. 1
Inc10)(M — (M =AM/ 2)
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Fo, MOEPREG, AM = 0. UNR/INESIRE, MoH
/NI YRR R MR, MR, BIgE. A
FES IR 5 AR A5 K MK R0.0, 0.6, 0.5F11.0,
RIGTE . FESRERN S AR AR KR, PEIX T S
RIBIE S 51°40.6379 . 0.620710.7676., 454 K19B-9DIX.
WA SR AU AR R, KEEKRT, X R
PIM < 20805276 s 3, HARRA R BAKE, %
FEXBE I TF30.7035, 0.8575F10.8329, M sk
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VI R, EX/NEBBEE L XA RE RS KIEE K
FEUE XN ST A G, SRR B E W E LR
TiTtE . AR RS, SRS RN S, W2
SR AR EIRE . AT A A R ERE R, KEE K
Je DR N5 DX T3 K-8 Ak fi e K /N2 3l 22 (1)
TFAECER (Babar, 2014; Z4&85%, 2016),
WEARTR, TFRIEX HbEHE/KITH1.3258F
K2 E/KE90.9491, F/KJE R X/ NE LUl gk
HRAHXE L, LM > 1.0ME R 3. KWK EN T
PINEEET S A HET R, FEkTIAR
X B, PRI iZ X I 75 s A8 £k T B[R] 52 2K & K
MRS TFRIG S IEF R . (TR, TUHA
FREFER—FZI/NE, SEOZXB/NZ TR
KGR E AR B>, (A BRI/ NE YRR
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B, XRES AU R TREA K SItFE,
BOR M AR BCAE K5 B, DU 3 5 P Tk 4
BRI . NI, AT K e B AT 700, XELA
SERZN %X R S S Ak . FEARKR BT, &
B — DA A XU T R4 sl 8l 22k 3C
AR, THRZ N ZEA G B E T

4.3 RN T

AR CIETFPEC I T AEACEIE, MR E KR X
P B E AG EC I T AR LA AE R R A B A T
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BT ) PEC N 1Ak g (S (6) ) S ZS [R] o3 A AR
(F10) . YEFESR SRR, BIACFS >0, RN /4%
HAMTHRIZ M s, LA m T REVERS N, 0 24 %
TR /N, BIACES <0, 2B 2475 0 S A FF

WrZ s, M= & A a9 nT Bk 55 (Stein flLisowski,
1983; Harris, 1998; AHEFR, 2001),

ACFS = At+u(Ac,+ Ap) (6)

A, R BEEPRRE Ao, MATS 5 Ry )y Y I
NSRS B S AR, Ap i FLBRIE AR . — Rl
LT, W Z R R BRI 50.2-0.8, RN B
NI, LR R RO (Parsons 5, 1999) . Hfiifk
T, RIS A 2 07 BT 45N W 2 MR 15 s P A2
AW W B R RO E IR —(E, h T&W T
JE X WR IR, NI B = 0.6,

FESIE K P T R IR 25 (9 R I L L U G A
T, M AL G 1] AR R B TR B AT AR AT, DX i
o 2%, Frilidissh o XL 3208 F AT
WiZdaty . RO A | /NI 28 M DA W SR 25 5
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T IMARASON; , FLPEA N S i R i 10 kPa, X —%K
{HE AR 8 TA R 5 10 kPaiy = fih & B (King 5, 1994;
HarrisflISimpson, 1998). {HASEEMZ, KutiliWidhdy
PR I ) e R CUE 80 kPa, it/ T & HIfE, &
W2 BT R 32 7K PR K e e o S 3, R G R U At
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TR LRIk AR T o 12 X s Ad )1 EEE T R A
5 F R PG G M S S0, BB T LA -2
TR DU AT -/ INVT B 8y R AR 3R Y B A i T T R
o BERLISR, ZEIEEARR I JL oh bt e, R e R
Y I R Vi W AT e A AR R T B kR . 7 DY
JZE A RIPERPS VR R, TR T 3 Bk 3 Ry g 4
X, JFEE T LATEVEW AT | i - Wi s R
UK ) i phHE A AL G R R (Zhang ™5, 20045 VFE5E5%,
2011; wfBIESE, 2018; R4, 2023), WIERHE L%
(2024) 3T CAPUE Y S L3R4 10 )1 TEZE TE B Ak S 40
X R IEMLRI RS AT as R mT A, SV N sl 7=
TSN EE LGER RAGS th RN F, XA S X e



REMZE: HEKRZE

Fat 5 BT A SRR TR FUEBE S PEREEA TR, REHFSE T KRR L

ST AT, RMIRASRGOK R KRBT B AR T A WL 510 1 SRR | 4R
RIFE G RN, RBGOETRECRAAN i T AR S A X SR S0 i MU BF Sl
B, R TR K RO B S s TR KRR MR IR A S BT AEC TEHR BERRE (e
FEIHLRUCH L P SR 68, SR 720122017467k EEBHAEIT -

JEE R GBI T 10 len PR BE AR B DX IV T3 3757 AR AN [] (1) B oK A Ay 5 AL B A T ) AR S A S
RARMFRRIE, ER PP TREE RN PIRIE R ST B SOK IR &K G BUR IX R AR DI A8 o %
PRI fih A (P 1) MM FRILAS, SRR PG O i N W ) RIS (] 1 5 SE

TEKEEE K TARSCHERT, FFFEIXM, > 4. 00 Rl M REMAIRE . SZHbre A FREPERA SN (520, 7
TR AT, AR AE A . G EWAE  KRINEREE E, OFR AR R Ay NEAE , (HH R
WK PEAAESE IR E K, EX A RIE SR e B, RIPEARAEE0.04 cm.

W, MRS MZ2fE, X — AR MK A AR L (2) & VDI R BR K R 7K 5 L JE Rl 24 L FLBR
M5 T FIUK ZEPE R MRS S X IR (K8 T ) ohge i, 6 HEJIRAEUE., K b, PEXSLBR )3 it S 3ty - K
VR, S MK BRI R Bk, (AR ERY S ARG EOC AR 2 ] R RO RE R A, b BE g
R, AR 3 (K5 T mi) 284K EE ARG RO R B B B AL e B, /AR L
K L TR SR AR AT, X BUEJIIEREIR100 kPa. BEZUK I E K RN X AL BT
BT AR TR B ISR X (ACFS > 0), @bk 8- R 2B, BEBULTR BN, 7EFEX
HE40 kPa, ST 10 kPalf) S fih % BIME, WA S T 510 kmIREEVEHIN, FLBUE ) oS 529180 kPa, H
R SN R BRE, LR S E) RN A A A X AL Z30 ke X

HIHRE I A AR AL AT R — 3t . A gE 4l SRR, (3) KR K W35 500 T I DX &) W 385 %) 17 74K
IR R E A R MR rh R R S B I R A, RO R | ORI L NIRRT
BN o ST AU HK BEREI K IE Bk, dy SRR R Wy 2 (4 R ) 1S B AR 1 10 kPalry
i G P DX 0 A TR 5 P b R A R TR MR I, WX S A S A R Y R RE AT BT
KRR T E RN . AT T N K I R G T BN, TEREC N I KA R T, MR AURIG I, &

il B BT A 2 SRR 2 A Y 1 257K 5 R O T2 7 ) 96 K 5 M 23 s 4
o B R (AR, LT P I R
5 &g Y AT 80 kPa, SR T B, HE kG

ABFIET ZHALIR- A FROCHERY, X 4vbir B

A (o3
30°N - ‘ 30°N - -
°, 0@ @9 " @ ACFS (kPa) @s s @ ) ACFS (kPa)
3 ‘ - <
5 s&@ g @ o o0 40 @ o J W9 40
- I . "
9 . ’ éﬂ P 20°N N . 20°N i .
Dé‘&)\? e@/&e\ 20 eg/%e\ % 20
o A @ 5 ® é @ ﬁ g en @ é @
28°N I Ry @ 28°N g @i 28°N $ ﬁI |
L) ® @ - - L] , @
& 2\ L, @Y ¢ 0 o g @ © 0
® 3
27°N A e 27N O i 27Ny o AN/
\ BEg il . ® _20 ® ® -20
A & & R e
26°N SREe o @ 26°N @ 26°N @
ca @ e 0 w e o0 v
F 2] ’ ° 2] e -
25°N 25°N 25°N
101°E 102°E 103°E 104°E 105°E 106°E 101°E 102°E 103°E 104°E 105°E 106°E 101°E 102°E 103°E 104°E 105°E 106°E

Bl 11 JKPEE KK IX A RS R G SR AR . IR SN X EBRZ 0, O =M NMSUKIEN S, B REORIEE K TS
N TS (ACFS > 0) o BRAVHERR 200941 H 22012459 H &4 1M, > 4. 0OMU R IR RHLEIAR , RIKEEKAT R ARG S, 35 G UDWEER >N 201247105
F20174F12H RA MM, > 4.0MR AR IRHLHI%,  BIVKIEE /K AR TR 3 (Bl sk B o BRSS9 RHL ™, cses.ac.cn/sjep/ggmx/2021/130.
shtml/)

2357


https://cses.ac.cn/sjcp/ggmx/2021/130.shtml
https://cses.ac.cn/sjcp/ggmx/2021/130.shtml

20264 $£56% $6H

(4)BRGK PR B K VR F S 35 208 T 2 DX MR B
fiE, FeI Ry MR AT R I 0 B G5 o AR ) ) T T R 3
RWE R AR W sh R B B W0 il & RN
(ACFS > 10kPa), JH:HiZ 3 I R 1 RS 22 X1 72 1 5
PSR R B3 . X — G 0] B /K P far 285 | S 14 &
N T3 AE Ak R LB 1 BV B DA G

AR5 BT K I K 51 R 1 7K AR 28 Ao Xof J X
135 B SR 00 W S b R TG Sh MRS e . O BB K R E K
SR UIVAS SN NI T N A i B ) | = s K ST R
KHERETHRHE . Bt — 5w G
PN IR A, DR A X N 1338 A s
iF B W 5t % sl e AL

RPN

WAL VE—IE, BREAE, & 1993, DhiiHh i R RRME Y BRI AL BT
9%, TEHLAE, 9: 373-383

R, XIRRTR, Z50ikE, &5, 2014, SR ST AR S5 M. HEREL A (T
[ 4 T K224 40), 39: 17511762

HIEYL, TAE. 2018. AKPEIS K HURITITHER. AKF#4H], 49: 1109-1122

AR, SR, A, 55, 2012, B EVTK MR AL IR R & BR TR
L. R ERL: HERRL, 42: 905-916

AELR, HIER=, HERE, 45 2002, FETE S E AR, P ERSED
B HBRRRE, 32: 1020-1030

RBHEAR, TRIERE, FHEE AR, 5. 2003, P ETE S S ARG B MRS,
10: 66-73

REZE, FHEX, B, 25 2014, BEEIEEE X EKEZEYLE T
HhEHLR, 36: 644—657

BEASTE, BOCRPE. 2019, GVPTTF K R X HIEE 2 IRALHRRAE. Hhi2 R,
41: 1155-1171

A, 2012, DU Z3 0 PG R b X AR i LRI 2 5 32 Sl RPAiE B OGS 7
FIRAEM L FE RRR, B2 0ne e dbat: opE RS
dLm)

SRS, A, ACAT B, E. 2022, 4 VDVLT I A ESREK PR B /K T HhU AR T
BIRHIE. HiERPIHZEAR, 65: 4659-4671

HRE 2, Bai g, WAL IE, 45 2024, )1 SSTEHUA AR 1 R IR ML 5 8
YRRE. iR, 46: 371-396

KR, 2003, 22T AAT /N T H AT 3 A R PR A A TE. Ui 3t
=, 2: 1720

LB, AT, BRI, 2016. A7 T A I BR XA /NS 7K PR R VS SRR

HFHFEAE E LT, HUERIEIA4R, 59: 2468-2485

ZezhfE, HIER, SEEAE. 2014, KIFEB LR bR 5 8%, R TR
2542, 2014, 36: 380-386

ZEiEG, e, G, 25, 2025, SARTEAKHL GG X IR B A R E K
Wl AR, KA B AR (3 30), 56: 35-51

XIfE, TR, R, 45 2023, HESMEK RS KRS 4B X a2 G 3 5 H
YR ALAFIE . BRI BE2EA, 66: 41894205

XI5, FF0F, A, 45 2023, BT HEETSh & M a1 E L X 5 43
PRI BRI OUAS. Hh R HiBkRl2E, 53: 2407-2424

FOREFR. 2001, TR 7k 22 AR 7 SEME S b RS TR v Ry Y — s 8
% HhFZ, 210 1-7

PHIF, TREE, BE, 55 2020, JIEHZRAS % H St/ og
EERRYNT. BRI EE2ER, 63: 3683-3697

TER, AT, FARH, 25, 2024, £ VPT343 SR K B T %2 X6 Rt
SRR, K PR, 380 158-166

T, EEA, TR, 55 2023 FlE R RS SV e A i

2358

SR AL, W 24T, 29: 453464

B, Ay, e, AR 2011 ANIRIML-A B MIBTR R SIS 3 )
SRR AR OGRS HURELE, 41: 713-724

A, kL7, B, S 2013, JIEAC AR BRIGE | ST i AR
FERTT 5. HERERR, 56: 3361-3372

TREZR, E26HE, FHEH, 5. 2022, FESMEHE IR & K 4 R AR TR LA
Fe. IRIIRAEEAR, 410 3141

BB, B2, HoREE, 55, 2003, J1EHL X 16 sh Bk i A sh et
B FCE IR, o ERAEDE: HIERELE, 33(S1): 151-162

VFlREE, 205, FEYTIR, 55, 2011, T M T 8 X 75 780 5 Dt (A AL B )
. EAER, 27: 3157-3170

W, A, HEEN 2019. [ ZUK LB EE K TS PR X HUE G SR
M 5 R B 22, 39: 919-923

THIGHE, SRR, F1HERR. 2023, BRGUK I L2 fth K BN LIS PN
5 ISy 4. iR BEEAR, 66: 24702488

RAEE. 2023, FHAE PR BT RARX A ETG SERTTY. L AE S0 B
B IR TR

SRR, Dk, EHE, S5 2005, 0 E KRG Shib Pl Al SRR 3.
HiERPI PR, 48: 602-610

TRERRE, BRI, SRATIR, 4. 2013, dERREATE ST, bRk ML
. P ERE kR, 431 1607-1620

FRRTE, XA R 2021, FESREK 2RI A& S SRR AT, AR R
W 55T, 42(S1): 145-147

FRARTE, 223075, BN, 4. 2018, FT ARV 5E 4 M i A e |
W3 ISR 8 DU 2235 SIARRAT. HBE, 38: 22-36

JESRRE, ARARL, R, 5. 2025, G VPVL R UK T & SR v XA P i
T F K LR R — A W R R PIEDK LIRSS, 5: 79-83

JEREE, JHAR B, Bk, 5. 1997. MhFEAGIEZS LIk i F——LAUN AR b X
A2 1L W R 8. MbRRESY, 20: 316-322

RFKIE, PVEZE. 2022, DU B LK P4 2 7K % bR 7% ) 52 0 ) AR (A 4L
e, HERYIEREAR, 65: 3930-3943

Babar A. 2014. Preliminary study of reservoir triggered seismicity in the
vicinity of Tarbela Dam. Pak J Meteorol, 11: 11-29

Chen L, Talwani P. 1998. Reservoir-induced seismicity in China. Pure Appl
Geophys, 153: 133-149

Chen Z H, Burchfiel B C, Liu Y, et al. 2000. Global Positioning System
measurements from eastern Tibet and their implications for India/Eurasia
intercontinental deformation. J Geophys Res, 105: 16215-16227

Ge S M, Liu M, Lu N, et al. 2009. Did the Zipingpu Reservoir trigger the
2008 Wenchuan earthquake? Geophys Res Lett, 36: L20315

Grigoli F, Cesca S, Priolo E, et al. 2017. Current challenges in monitoring,
discrimination, and management of induced seismicity related to
underground industrial activities: A European perspective. Rev
Geophys, 55: 310-340

Gupta H, Purnachandra Rao N, Roy S, et al. 2015. Investigations related to
scientific deep drilling to study reservoir-triggered earthquakes at Koyna,
India. Int J Earth Sci (Geol Rundsch), 104: 1511-1522

Harris R A, Simpson R W. 1998. Suppression of large earthquakes by stress
shadows: A comparison of Coulomb and rate-and-state failure. J
Geophys Res, 103: 24439-24451

Harris R A. 1998. Introduction to special section: Stress triggers, stress
shadows, and implications for seismic hazard. J Geophys Res, 103:
2434724358

Huang J L, Zhao D P, Zheng S H. 2002. Lithospheric structure and its
relationship to seismic and volcanic activity in southwest China. J
Geophys Res, 107: B102255

Hui G, Chen S, Chen Z, et al. 2021. Investigation on two M,,3.6 and M,4.1
earthquakes triggered by poroelastic effects of hydraulic fracturing
operations near Crooked Lake, Alberta. JGR Solid Earth, 126:
€2020JB020308

King G C P, Stein R S, Lin J. 1994. Static stress changes and the triggering
of earthquakes. Bull Seismol Soc Am, 84: 935-953



https://doi.org/10.1007/s000240050188
https://doi.org/10.1007/s000240050188
https://doi.org/10.1029/2000JB900092
https://doi.org/10.1029/2009GL040349
https://doi.org/10.1002/2016RG000542
https://doi.org/10.1002/2016RG000542
https://doi.org/10.1007/s00531-014-1128-0
https://doi.org/10.1029/98JB00793
https://doi.org/10.1029/98JB00793
https://doi.org/10.1029/98JB01576
https://doi.org/10.1029/2000JB000137
https://doi.org/10.1029/2000JB000137
https://doi.org/10.1029/2020JB020308

PEIRNE: HERRIE

Klose C D. 2012. Evidence for anthropogenic surface loading as trigger
mechanism of the 2008 Wenchuan earthquake. Environ Earth Sci, 66:
1439-1447

Lee W H K, Raleigh C B. 1969. Fault-plane solution of the Koyna (India)
earthquake. Nature, 223: 172-173

Lei X. 2011. Possible roles of the Zipingpu Reservoir in triggering the 2008
Wenchuan earthquake. J Asian Earth Sci, 40: 844-854

Liu Q Y, van der Hilst R D, Li Y, et al. 2014. Eastward expansion of the
Tibetan Plateau by crustal flow and strain partitioning across faults. Nat
Geosci, 7: 361-365

Molnar P, Tapponnier P. 1978. Active tectonics of Tibet. ] Geophys Res, 83:
5361-5375

Parsons T, Stein R S, Simpson R W, et al. 1999. Stress sensitivity of fault
seismicity: A comparison between limited-offset oblique and major
strike-slip faults. J Geophys Res, 104: 20183-20202

Rice J R, Cleary M P. 1976. Some basic stress diffusion solutions for fluid-
saturated elastic porous media with compressible constituents. Rev
Geophys, 14: 227-241

Royden L H, Burchfiel B C, van der Hilst R D. 2008. The geological
evolution of the Tibetan Plateau. Science, 321: 1054—1058

Stein R, Lisowski M. 1983. The 1979 Homestead Valley earthquake
sequence, California: Control of aftershocks and postseismic
deformation. J Geophys Res, 88: 6477-6490

Talwani P. 1997. On the nature of reservoir-induced seismicity. Pure Appl
Geophys, 150: 473-492

Tapponnier P, Peltzer G, Le Dain A Y, et al. 1982. Propagating extrusion

tectonics in Asia: New insights from simple experiments with plasticine.
Geology, 10: 611-616

Utsu T. 1966. A statistical significance test of the difference in b-value
between two earthquake groups. J Phys Earth, 14: 3740

Wang Z T, Zhang H, Guo Y C, et al. 2024. Numerical simulation of the
influence of the Baihetan Reservoir impoundment on regional seismicity.
Appl Sci, 14: 5145

Wiemer S, Wyss M. 2000. Minimum magnitude of completeness in
earthquake catalogs: Examples from Alaska, the Western United States,
and Japan. Bull Seismol Soc Am, 90: 859—-869

Woessner J, Wiemer S. 2005. Assessing the quality of earthquake
catalogues: Estimating the magnitude of completeness and its
uncertainty. Bull Seismol Soc Am, 95: 684-698

Wyss M, Hasegawa A, Wiemer S, et al. 1999. Quantitative mapping of
precursory seismic quiescence before the 1989, M7.1 off-Sanriku
earthquake, Japan. Ann Geophys, 42: 20

Xu J. 2019. The rheological model in China Seismic Experimental Site.
CSES Scientific Products

Zhang G, Wang S, Li L, et al. 2002. Focal depth research of earthquakes in
Mainland China: Implication for tectonics. Chin Sci Bull, 47: 969—
974

Zhang P Z, Shen Z, Wang M, et al. 2004. Continuous deformation of the
Tibetan Plateau from global positioning system data. Geology, 32: 809—
812

(WHERE. F)

2359


https://doi.org/10.1007/s12665-011-1355-7
https://doi.org/10.1038/223172a0
https://doi.org/10.1016/j.jseaes.2010.05.004
https://doi.org/10.1038/ngeo2130
https://doi.org/10.1038/ngeo2130
https://doi.org/10.1029/JB083iB11p05361
https://doi.org/10.1029/1999JB900056
https://doi.org/10.1029/RG014i002p00227
https://doi.org/10.1029/RG014i002p00227
https://doi.org/10.1126/science.1155371
https://doi.org/10.1007/s000240050089
https://doi.org/10.1007/s000240050089
https://doi.org/10.1130/0091-7613(1982)10%3c611:PETIAN%3e2.0.CO;2
https://doi.org/10.4294/jpe1952.14.37
https://doi.org/10.3390/app14125145
https://doi.org/10.1785/0119990114
https://doi.org/10.1785/0120040007
https://doi.org/10.4401/ag-3765
https://doi.org/10.1007/BF02907562
https://doi.org/10.1130/G20554.1

	金沙江下游梯级水库对地震活动影响的数值模拟研究
	1引言
	2方法与模型
	3计算结果
	3.1蓄水对库区位移场的影响
	3.2蓄水对库区孔隙压力场的影响

	4讨论
	4.1库区地震活动空间变化
	4.2地震震级频度关系
	4.3库仑应力变化分析
	4.4水库蓄水对不同类型地震的影响

	5结论


