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Abstract: This study presented a method for estimating stress magnitude in
earthquake source region based on rotation of stress axes, seismic stress drop
and relative magnitude of principle stresses. We applied this method to the
Homestead Valley fault segment of the 1992 Landers earthquake, and obtained
the compressive, intermediate and extensional principal stress before the main-
shock being 271, 266 MPa and 259 MPa, respectively. The pre-seismic normal
and shear stress are 265 MPa and 6. 2 MPa, respectively. The post-seismic nor-
mal and shear stress are 266 MPa and 1. 6 MPa, respectively. The result shows
that normal stress increase after the mainshock would have benefited to the rup-
ture termination. The pre-seismic shear stress is higher than that of post-seis-
mic one, and their difference corresponds to the stress drop approximately. The

« BEEME FERA KRB I 4 (41074072, 40874022) , #5247 Ml % T (200808053) . B 9 W % H 4F B 4 Kk 4
(20090 1) F1rp [ Hy 5% J5 #00F BFBF 3L 42 30 3 (20100101) %8 B, v [ Hb 72 J5 # 5k 9 38 BF 5% B 18 35
11AC1011.

KRB 2010-04-28 W B HIAE . 2010-10-02 Y R G o fi.

+ BNEE e mail: wanyg217217@vip. sina. com. cn

http://'www.dizhenxb.org.cn



439 A A . 1992 4F 2= T 0T b i 5 YR A N 7 Sk (B A WF Y 421

estimated underground compressive stress is very large, but the differential
stress is small, and the shear-stress projected on to the fault plane is also rela-

tively small.

Key words: Landers earthquake; earthquake focal mechanism; stress field; rela-

tive magnitude of principle stress; stress magnitude
=
515

by ER 4y 3 2 G T8 Ao 17 7 I ek RN R VR AL AR IS . XN 3 3 N D A T — o R
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1997; XA, 2002). A5 AR W Z 0 3l J7 10 8048 RS, T3 6, 28 T SR A W7 2 18 1 55 1)
J189 77 3 (Spudich, 1992; Spudich et al, 1998; Guatteri, Spudich, 1998). Wesson il
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Bes IEBEZ DT IE R F 2002 4 Denali b 58 19 BF 5¢.
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A6 15T A I T RN B 5 R SR I O 1 43 A 9 R Kaiser 35, 28 5 2R 45 (2004) ¢
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B A )2 S SR E A N ik R vk s O R R KT I S . A5 3 T i XN )
i 3 L 3 77 1) R

T3 K A (2006 ) M 418 T W b 52 15 S5 L 0 Bl B RN T3 B, 25 1 T 4R R RS TR SR A
T 1 7 B A R AT A 20, O R T 2% 4 40 M A %) B I T R A 7% (Homestead Valley) Wi
2B 73 BZ AL R 3 i 1 ) S 10 MPa. T3 7K #E (2006 45 Hy 1 A 4 K b 52 11T J5 0 3 5 19] i
B RN RE R Ty B, TR AT U U2 28 R M AR AR VR 2 A N R B AL R SCHE T K
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OULT s N B2 AR IS RN ) T ) RE N TR H A T . 5= AR IS R N ) 37 B9 T3 1) AT g3
S AR A T R R A 2 AR IR ML A A R SCTEOER A . U 1] 2R L RN AR R RE IR R S 1 )
55 R/INHN Ty 1oy 243 R0 A 7 g B 2 ) AT DA ST 56 TR I R R R RO O B A (T Kk
H, 20060, H A= AL R ST N ) 37 T 1w 8 [ il ) RLAS B A N ) R/ Ry R= (o3,
—033) /(611 —o33) (Gephart, Forsyth, 1984). A T oA HEME. AR P HE—F % &
TORAXF R ST RN R X SR A I ) (R 7 FELLAE S — 2 2o, B AT 45 3 DLRE Fi N ) B E
RARFB R E TR, T RAR LIS R

ran [250) a3 [T12 7]

aon [2%%) (22X} 011 T3

as,  as; Qss {022} = |1y [@D)

a, Ay ay 033 0

a5 as; as | _RR_

Hr

an = (T\ Ty + T, Ty + T, T,)(T\By + T,B, + T,By) (2)
ap, = (B, Ty +B, Ty +B;Ty) (B, By + B,B, + B;B;) 3
ay = (P,Ty +P, Ty +P;Ty)(P,B; + P,By + P;B.) 4
ay = (T Ty + T, Ty + T;Ty)(T, Py + T, Py + T5Py) (5)
ay = (B, Ty + B, Ty + B;Ty) (B, Py + B, Py + B, Py) (6)
ay = (PyTy +P, T, +P,Ty)(P,Py + P,P, + P;P;) (D
ay, = (T\By + T,By + T,By)(T,Py + T,Py + T, Py) ®
as, = (B,By + B,By + B;By) (B, P, + B,P, + B, Py) (9
as; = (P,By + P,B, + P,By)(P, P, + P,P, + P,P;) (10)
ay =R (1D
ap =—1 (12)
a; =1—R (13)
a; = (1 —RHOMP-T) —(P-B ) +R(P-P)* (14)
ap, = (1—R)HMB-T)H" —(B+-B)*+R(B-P)* (15)
as; = (1 —=RO(T+« T)H* —(T+ B+ R (T+ P)* (16)
RR = (R — Dzyy + 199 — Ry 17

s ou s oo Bl sy 4300 SRR RT3 3 19 F2 5K R g ] FE 6 T R R R TS5t s Ty B
Ty AHLER N TR Ac TERE G N1 F AR &R it (T, Toy Ts), (By, B,y By Al
(P Pyy PSRRI RRERTN 10 FE k. thRIA E RN 4 5 R & T, B R P fEJLARJr
[ b B AR FR B PR 2h i s (T s Ty Ty)y (Byw By s BoORICPy, Py PRI ARG
I 13 gk . PR R RN A SR T, BRI P EAG AR ) b FE AR bR R R AR Y 43
HCFCh BLRAE S, FRATFRELE T AR 2R 525 i P B R, DX 31 5% i 4 23 0 19 75
55 R AR R 7% Hif A I AT 3 0 91 K/
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MRl A 3E T At 5E.
1.2 kBEBRLANHEENEEHEY
D7 FELH (D B HT 3 A5 R A2 O T 7 J5 1) 1) = FA pR . ARG L B HE R . T I TR P
ST KT TR IR RN AR ) R R 22 BOR B AFRAT S S A T BRI iR 2
HI 3 D RRIRZER 10 45, IF HAR 2Z B MR IEZ 434, 50E 90 o6 v i) 32 0 ) (8 i Se e 8 ok
b 752 B SRV AR FE A ) e e T B ORI R /0N FE B g B (B0 0 R e R ) B A b 10
MPa, HJI
o' = [ogh +10  pgh pgh —10] (18)
RAEE AT p h 2. 7X10° kg/m*, ¢=9.8 kgem/s* . WABFFE P HEE A By KI5 K
WFFE XSk O AR R . r R (D AT fR S
As =d — As’ + 8d éd ~ N0, C) QL))
K, ARFEHFBRA D LD REBIEIE, o AR FECEFE RPN ) 854X TR R E " 148
PR, d" R AE 25 0 K509 e B R A (D) A7 i B L 8d Dl LI BCHR IR L, €0
WL ECHE P 5 ZH . 4 d=d —As", BN

As = d+&d (20)
TR it 1 224K 6o B IE 2553 A1« T
I =0+& & ~ N0, C) 2D

K, TN, C, o8 T N ) (H 152 22 1 P O 28 5 k.
F)FH B I AL SR f8 Ak 1T 2> 1] 12 (Jackson, 1979; Jackson, Matsu’ura, 1985; Shen ez
al, 1996)

c=(A'C,'A+C,H'ATC,d (22)
o Ml " Z MBINRERGI S RE. 1% 00E L. B @ nRR N
@ = (A'C,'A) 'ATC, A (23)

AHFTE R T @ XS A 2 T8 3R Z M Dy 7 5 T 1 ) 07 1] s % 50308 X 5 B 1 73 B 95 s
AR S R R O EE Sy 3 B LAl 5 R E W i Ky BEAR O 3. TERX AP DL . BB SR
AR, WEREERL By 2.1, WOy R L RE B otk oy 2.1, e
0.9 FHBLARYASSI0(H 45 0 . 6 b BR Yy 3R S 3 i 6 B 2K () A 320 R WD 5B o PRt i R
Jr A UL B 7 2 QO AT R I, A28 4 i 100 UL D0 A5 Al 7 1 a3 2 D 2K (200 Fr 4R 1Y od. i
18 4 PR AR O, AR S 30 (B 14 1 TR /DN 500 X ik 1 BT A AR T ASE Y 1Y ) B
S F 77 R LI B ) 5% 22 AR B ) ik 51 0 L R O 4 AR R COL R S R R 22D 1 i
9. 7 AR IR % 22 AH X TR B 15 2 O i 1 20 HESBOR A5 B B R O 0ok B T 5 R Y T
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TR I PEL o). FEFRATAY 43 Ar b T WA B o 000 i e e (i 1 25 . e
E S SR AR 231 A Ta] 8 U0 K5 40 15 2 002 RIS AR 5 36 1 10 22 1Y) 0028 5 B0 1 5 3k 22
R/ R B A 7K §45, 2008) . PRIIRATTAEFS 1D 3. 2 95 R Y 2 G AR S A DTS 21 e A
%) 5 30 i 15 25 0 LI B8 7 08 2 i A
SR ()RR S B AR i 25 1] 3R Tl
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F A 3 IO 7 A6 W J= T A Y LB R RS R A7 A
oo = on(Tiv + Tovy + T5v3)* + 622 (Bivy + Byv, 4+ Bswy)* +
o33 (Pivy + Pyuy, + Pyuy)? (25)
7. = on (Tiv + Tov, + Ty0)(Threy + They + Thes) +
022 (Byouy + Byvy, + By ) (Brey + Byey + Biey) +
o33 (Proy + Pyuy, + Psuy) (Prey + Prey + Pses) (26)

s Cors ves v) FlCer s ers e) 535 Ay W 22 T 25 1) B 2K £ v AR 3 07 [a] B0 Ok &t e TE M
FLARBR 2 PR,

A, R WR BRI ) oy FIBTUIN ) oo AW By RAEW ERXFHm T,
BHIP Jriaeky T . B' P Il . HAF 011 s 000 B 005 23 WV N (o — 700D (oo — 7o)
M (oyy — ).

ML b3 75 v R0 U7 K #45 (2004, 2008) i il ) FORTRAN SR JF, 45 7 MAT-
LAB 3K fift 72 5 Ak I 7 8 {8 14 35 KA SR 125 S 3 A )

2 HEEE XS AR B 3t B B U B 135 R

2.1 MR REFEHEER

A5 BT A UE ML A 9% BB Hauksson (20000 £5 i (9 i 7% H 5%, % H sk i
B AR B R R 2N 1 km, REIR 22 2 km, AIRATHHE SR AR 471
VERL, RS ORI IE 1. Wald A Heaton (1994) M4 25 F i (151 4, Kt ) 4 4k
P+ 37 0 DI T A2 S U T AT I R T R R M R 6 B R 45 i T 2 1l A
BRI 2 8 4 52 B )= MR ) AL R O 3 BeA e aE T TR . g3 Bl O . 29 AR
24 Pl T 2 BE (Jonson Valley and Landers faults) , 22 4 7 45 75 4 W )2 B (Homestead Vally
fault) , YRERZFFIREZ 75 W7 )2 Bt (Emerson and Camp Rock faults), {0K& 1 # ffR.

K1 P IRATH 3 BOR A0 K 4578 B Wald Fl Heaton (1994) 45 i A 2 307 1 7% Wiy J2 455 54
HAEEER 4 km, @& 1AL, JiRECH B BE i, ZBMEE ML R WE
EFHERE, Brb U T ILAE AR . R E X TR ER N ) s AR B LA AEAS B
FEr . AE FIBE )2 10 2 ke PN CRIUR 684K 25 BT 7 16 0 B 1) 1l 7% W RE X I ) 3% i0E A7 s T
BT BB BRI, FATT R R TR A R R A R B — AN XA E R A X
RN E 2a FOPE 2b F/NETERE B 9K 5 XK, K6 kmy B8 4 km, REETEEIY 8—12 km.
2.2 WMREXEEAHERE

R A 3% i 35 B ) i AR AR AR BEBL . ] Gephart Hil Forsyth (1984) (1% 9 4% 18 2% 1k S5 i
N33, SOEZS R WME 3 FiR, PRI 1.

® 1 NGREAR

Table 1 Stress inversion result

W

T w1 d ETETPN
KR K. wE % _ : _ 4
g; K R f;’i Wk ] =W Nih

7|y o
WA LR Wi ERS GRS ERS KA
FEHT 10 4F 18 8 205 81 58 5 296 0. 25 2.43
RS 6, 4, 812
EJE 185 kR 49 33 208 56 38 5 301 0. 60 11.53
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Fig.1 Geological structure in and around source region, surface projection of

three fault segments of the model fault and foreshocks distribution
Circles denote pre-shocks occurred in 10 years before the main shock, lines represent
faults and gray long boxes stand for the 3 sub-faults given by Wald, Heaton (1994)
TE R Ny i B b, AR R IR HILA 75 1 Joll b 52 1) 52 DR ML A 0 X380 r) B2 ) 37 AR AN H
FF 5 BRI AT B MR = DR AL ] A — BOPE X BT IR R IR AT R e . X MR AR S
A5 Gk 22 BRI — D I R A 25 B 15 DX g 375 1R S AH A4F 14 3t 52 3 A P D T
B O By ZERIXEHEG . BAIEIR2EW] B AN, H2 0 13 ROE 25 R AR @
R IEAIL ] 25 B3R 0k 28 5 DX IO ) 37 A8 — S0 b 2 BE el N8 T8 08, DR O ik Sl R 5 U
e —FE . AR R AEAE /NN A R B N 1 1 5T
PN 3 S 45 SR AT L AT R A DX A S I ) A 2 S R S B K HL
[ e NS Sl 1 IR SO AP 7 &5 e = N o 4 G S A =0y B L L N SO Al L -
TR £ eSS, B /. Hauksson(1994) BUBF S 4 R FMH B ek 2 T A 5 ml, &%
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Fig. 2 Space (left) and depth (right) distribution of foreshock (a) and
aftershock (b) focal mechanisms on the Homestead Valley

fault segment. Small boxes indicate the study area

P 3 = 00T b R A S P ST A I 2 B N ) it % e I
P ey R 20 T 38 O A5 43 0 R BT RN AR G N 1 5 R R e K B8y, =g R
[a] R Hy s B E TR EN ER T 5 NS RS BT R KRR R R G N 18 95 20 A5 X [H]
Fig. 3 Schmidt projection of the principal stress axes before and
after mainshock on Homestead Valley fault
Solid and hollow large symbols indicate principal stress axes before and after Landers earth-
quake. Circle, triangle and square indicate compressive, intermediate and extensional principal
stress axis, respectively. The area covered by small hollow symbols marks 95% confidence

level range of the post-seismic stress axes
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BLPERT S F3 BI T AR . Y DI N ) 5 R B 2 TA) A i AT 2k 2C DT 45 O T T2
=N )RR A R
vo2.,.D

X, D PN, W OIKZ S8R, o W R AL

Wald Fll Heaton(1994) {1 B 455 Y 25 28 W80T R34 28 I )22 B A 7 2438 3 12 314 mm,
1 20 C27) ) 45 B3 5 W )2 B - S B 3 BER /Ny 4.0 MPa.
3.2 MAOEERETRMER

R Al A A 20 09 R R S N 3 F B R RO Uy ks B AT T RR IRAL N T K. A
T A 3 S a5 SR . g 2 Wk A B R AT AR A e A . T T B A 480 ) R
ST A5 R i A 25 2R

BF — U3 AR A R SR I O I 5 Ak B A e DAl T B B SR TR B AL Y e R S
flith iR 2230 (50) 2 10 MPa. FAS TR FE 0 0000 K5 4 7 R A7 B i o o 00 I K 40 8 B2 A
By S T 5k 22 2 W — 254 h Cerade-of D 2k, anI&L 4 Bz, 181 4 rb 4 o it 2 22 B 0L
Bl 7R 25 BN WAL ) 2y OB GT  BIVBEARY Y Sy AR OR RO BT R 25 N e 3 B
T 5 AR 22 R s WL 8 158 2 I S I B 2 A0S LSRR R 0 AR AR A ) i v oty £
10 25l 4 oAy 25 2 B UL I KR A 7 2 A ST S Ak 25 g Bt AL . iz il KT LUE
LI K AR 22 B 0. 3 MPa di i HL

7

27)

W o
T T

sk 7/ (MPa) *

1.6 .65 1.7 .75 1.8 1.85 1.9 1.95 2.0 2.05

4 LI ECHE R 25 5 RO A R A B AR R 2= Wi bt 2k
P& 1 2507 2 7 00 D 5 1% 2
Fig. 4 Trade-off line of inversion resolution and model post-fit residual

with different standard errors of “observational data”

The numbers in the figure 4 are the “observation data” standard error

B R 0 AR AR R OB Y 24 SRR iR 25 (R (2D B S Al T, AR SR — 25 45 21 0 WL 4%
PR 2R 0.3 MPa, XA [A] 1 S5 0 150 A 18 22 (o) » SR RS 8 I ok 22 55 A0 R0 45 22 11 ¢ 2R ([
5. 5 H AT A il R 2 W] S 6 A R 119 5% 22 /N AR 1 R A A e IV TR 1) 23 B R AR
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{HL o B A58 0 A 0 22 /N U 2 3 3RS 0 I ik 2 K5 ST T M TR ) 5 2 R L T ) ke 2 D
fige B HE AR A s AR AR MR 22, T AT i A 2 A D £ P DB ST S AR Y 1 2R 22 R
5 % 22 M Akt d e 2T DUA e BRI IR 22 37, 1 MPa fi il .

0.80

IR

0.66F
o4 Lo 8Ll .

5. P 5.1 o

0.61f e ]
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B
5 BB 0z b SR Kk 22 R o MR (9 3T T 2
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Fig. 5 Trade-off line of the resolution and model post-fit residual

with different a priori model standard error

The numbers in the figure are priori model standard error

SR JFV R 18 75 20 A U0 I B3 e RS T 0. 3 MPa il 37. 1 MPa RURERI 200, 745 75 It 3
FRPEAT B2 B 10 kem P8 B Kb 52 115 fie . HP 1) A e /s 32 8 B9 B AE R /N 3 0l Dl 271, 266
MPa Fl1 259 MPa, 1% 86 435k 10. 0, 10. 0 MPa #1 10. 2 MPa; 72 /i ¥7)2 1 _E ) 1E 5 51
S YN F3 43 5 265 MPa il 6. 2 MPa; 72 J5 Wi )2 0 F Y 1E 8 7 #1085 Y18 77 43 53 2 266
MPa #i1 1. 6 MPa.

FATEX AT BB HAE 6" PEAT 722560, IHE AR 2 s, dislgi )kal i, A
[Fi) 18 51 300 (B0 448 SR AT — S RS20 o X 52 T 2 07 g e (S e A5 R o (E X e 5 T O )22 T ) Y

2 AT 5 o (X 45 SR 9 5

Table 2 Influence of different a priori values on the results

—ofi —o¥> —ofs o1 622 033 oo 7 o z

255 265 275 271 266 259 265 6.2 266 1.6
260 265 270 271 266 260 265 6.2 266 1.6
245 265 285 271 266 259 265 6.2 266 1.6
240 270 290 273 268 261 267 6.2 268 1.6
240 260 290 270 265 258 264 6.2 265 1.6
240 250 260 257 252 244 251 6.2 252 1.7
260 270 280 276 272 264 270 6.1 272 1.6

TE: ol ol ofs NGB (H GRS R ISR IED 5 011+ 002 Ml oss R AT IR . R /N ETE R ST 5 00 o N SR T
VT 2 10 9 LE S 3 RGBT s o R 7 DR R S T T L A LE N RIS RE gL LA B A B O MPa.
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PIRL S8 AN R — B R RE UG 1 A T5 1 0 e 5 AN ] e 06 (75 2 45 SR 9 22501 AT 483 7
TR ACR B 2 B RUE .

T T

ABFFEAETT 7K B (2006) BIF 58 0 Bty bk — 20 2% B X 2 0 ) KN, ST T 06 T 2 i
T A R R e T R, PR T B R AR AR AR A A SO0 Ty R A AT R i

DR A R, MR KA o W2 1 EAE i 38 ok, AR TR pg 2k, W2 R
BB VI ) R T A2 IR B U0 0y . EE TR 22 B AR N 45 W Ty . X — 45 R T LU . B
SRH N N AR AH 220y A, $ 52 BN 2 T b A/ 35 D ) 8/ s X T RE AL 2 FRAT]
JIr 32 A DX /) o AF R AL ) A A A R A — 4 Dt Rl ———22 B 3 A X T L AR /N, 2
[ FE FHRCR B . Wyss % (1992) 76 B gk 38 1 Kaoiki #i X B T — MR H (7£2) km
8 /N DI AEABGE v 18] 320 g A5 TG TR D RS A BRI BE Dy 6 MPa 1 258 T 455 AN 32
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