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Abstract; We calculated the Coulomb failure stress change generated by the
1976 Tangshan earthquake and projected the stress change onto the fault planes
in slip directions of the large follow-up aftershocks. A visco-elastic media is as-
sumed in the model. Results of previous studies on co-seismic slip distribution
of the Tangshan earthquake, and on crustal velocity and viscosity structures,
are used for constraining the model. Effect of the local pore fluid pressure and
impact of soft medium near the fault are also considered. Our result shows that
the subsequent Luanxian and Ninghe aftershock occurred in the region of in-
creased Coulomb failure stress produced by the Tangshan mainshock. To study
the triggering effect of the Tangshan, Luanxian, and Ninghe earthquakes to the
follow-up small earthquakes, we firstly evaluated the possible focal mechanisms
of small earthquakes according to the regional stress field and co-seismic slip
distributions derived from previous studies, and assumed a regional tectonic
shear stress of 10 MPa. By projecting the stress changes generated by the above
three earthquakes to the possible fault planes in slip directions of small earth-
quakes, we found that the “butterfly” distribution pattern of increased Coulomb
failure stress is consistent with the spatial distribution of follow-up aftershocks,
with 95% of them occurred in the region of increased Coulomb failure stress.
This result indicates that the former large earthquakes modulated occurrences of
follow-up earthquakes in the Tangshan earthquake sequence. This result is of
some significance in rapid assessment of aftershock hazard after a large earth-
quake. If detailed co-seismic slip distribution on a seismogenic fault and the me-
chanical feature of nearby faults can be rapidly determined after a large earth-

quake, our approach may be used to predict the locations of large aftershocks.

Key words: 1976 Tangshan earthquake; stress triggering; viscoelasticity; stress
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1976 4E 7 H 28 H By RE 1L 2 2 07 58 bR i ol ™ A S — (B AE, 1976). XK
TREZIEY 15 N R N EAET Ms7. 1 Mg, A i 7 E AR E. [ 11 A 15
H. W2 i i kA T Ms6. 9 HifE, 25 KERBLEEF —HIFEES. Zitb
RITH EREEERE . THRBAEMKR? CA15 )5 LR R 7 X i 2 [n) 5 1) i
FENGAT B A K 5% 22 8] DA M 32 R S AR R IR A TG R, DT X b 7% i B R Al T A —
E I SE PR L.

UEAER s R M RE 7 A 1 V2 T 24 7 g A% Ak 5 T Ji5 52 b 7 % A AT R [ 1 I 9 5 | [
oy b 5% LB 102 6 (Harris, 19985 Stein, 1999). 5 Z RG4S R £, HONEZN )
T 0 B A R R A o S 2k o 3 b 52 19 & 45 (Troise et al . 19985 Robinson, Zhou,
2005) » Ff HXF AR 7RG Bl 43 At 23 77 4 — 8 W2 I (Das, Scholz, 19815 Toda ez al 11998
Ma, Chan, 2005), 33X 25 43 5% i i o Pk PEAG S AL T — OBt iR 2.

DL 119 3 55 N 7 fiok 2% BF 5 K 22 36 F M A8 T8 B BE L (Okada, 1992), B ik HRE A 31 R
JI7AE A B I R Lk XoF A UL M R 22 i R X 2 e sF [ ) B PN A R g AR 3 e — R AR AT Y
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T BN, AFRE 5K 1 B ) D6 R R4 ) o e A st S5 e 1 B R 7 A5 Ak R T 22
W 33K RS S5FLPE A st AR5 R U G 1 T b e SRS B R M AN 1 M b (RS A (Nur, Mavko,
1974 Rydelek, Sacks, 1990). Pollitz(1992) (it 5E M, MBS EEL K TEEELD,
R 00 T 0 )2 RS 1) 328 3 R0 B0 1 A R A0 50 0 ) ) 90 R P o DU 3R TR AR B ) R S 7
BRAGZ. Bilan, 1995 4 H A B P M7. 0 #h58 r] BEt T L E A BLAM 1944 4EH1 1946 4F # I
8 % HiL7E 1 7 7 B Bt 5o R 1T 42 BT (Pollitz, Sacks, 1997). i RS 32 #A 3 457 , Ben-Zion
2 (1993) W& 1 Parkfield i X A9 #=Z 4 1857 4FE San Andreas Ki)2 | Fort Tejon HifE =
ARG B N ) B A T R, AT 4R R — R K R IR R 1992 4R £ 9 4, 255 1994
4 Parkfield &4 T HUE. BMg| ER &, 1992 45 A48 JE W Landers My 7. 3 #h3E
KAEJG T, F 1999 4F Hector Mine X EA T My 7.0 Mm%, 1 W6 b 32 5% TP BE Y 20 km.
0o 2% 30 1 s ) R s [ R) B A A N AT AR MR BE e AT AR 6 &R, 32 ] Wald Ml Heaton
(1994) Bt 1 72 B 24 A5 Y 1 ok 2 23 [a] B &Y, US Geological Survey % (2000) B i+8E T
1992 4% Landers b7 [F] 2 i 24 #F Hector Mine = 5% p = A8 19 JE S 2N S 284k, 25 3%
B, ERIE N J) 13 Hector Mine b 78 %% 5% W7 2 Mg 431 . (FLEUIY R & W B4 B J) A8 fk Dl 1. 3X
B 2 ) RE IV 7125 Ak I R fE T 2 b 1 B Landers #1785 Hector Mine Hb 7% 22 [8] 1) fil & 3¢
%#. Freed fl Lin(2001) L J Zeng(2001) 43 5llic I = 447 BR IG5 i R UG /38 53 46 5 O
s ANTE TR A R SR, S s st i B Y P R 1 A8 Ak At T] & BLAE Landers H
BZEM 7 R E N, Landers Hi ZZ A 24 AE Hector Mine #IZZZE P X =4 1 0. 1—0. 2 MPa
(0 P T 24 N g BE s JF B 2 il & T Hector Mine 72, J7 7K #: % (2007) , Pollitz fil
Schwartz(2008) % [& T 7% 1] i 28 B B8 | ORGS0 s ot S b 5% 7 26 9 1 1 A8 4, 43 8 E T 7
G 1 J AR AGR TH 4 L b DX 1) I, 3 7 B8 5 J 6 M i R A A AR I R B G R T A X s 2
X W] T AR M RR R T e B 1 18 ) ik e T 9 T 2 AR S B MR A A AR, S R L R
P ith, 11 5 L

AR SCHIE 5 8 111 b 7% e B0 A4 O A fioh % ) B, R 68 3 — [a) S8, 73 7k 45 (2000) J fR7 20 il 24
BEA, WFSE TR Ll A A R L R R R D Bh 1 b AR W PR N ) AR A R B L
TR B AR A il VR . XUEE PR RUEAE £ (20000 32 T 3 BE B0 RWT AR, F5E T
B RN 3 A AR X i fok & A, R B E R B TS SR 9 & 4. Robinson Al
Zhou(2005) A 5% T 32 7% W7 22 B 1) AH 14 F S 3 7 0 v L b 788 R 7 Yo b 78 110 ik 2 /B PR, & B
EREWEPE R AN B TS S B 2 A A, IR RN R YA TR
S Bt R T M R 1 A SR TR LT AR R A R A A . M R 22 I RG S A ol
RN, (PVE] B 5, 19945 JLIERREE, 20035 Fiak 5, 2007) MR A Zm&. 53 4h, 24 %
(2005) BIHIF 5T 2B o SR FH 35 A0l S A4S 100 60 43 2 s oo o R0 S5 A ot 6 A8 TR A 22 1R K
Ut A BRI PR A 2R s R, BRI 2 A SR AT 1 A0 FL BRI AR T B8 A FL R
375 A0 AT L A 5 ] L M 52 0 3728 4k (Seeber ez al s 1998). Nur 1 Booker(1972) 4§ ) 32 7% 7™~
A R FL B FE 725 Ak TT DL ) A R Y R I IE]. Piombo 28 (2005) BIFSY T 52 J5 52 Y K 3T L B
AR L Bl T P ke SRR 3 AR AR R R IR IS LR TR T S AS AT DA B T A i S T
AR A (T EL AT A A e DI I i N ) AR A AT BRI DA A Ok 2 4 b R
Sz M (1 XSRS SRy B B A AL T K A (2006) L 2005 AF B 5L T H AR R 1), T TR
A3 P A J5 A ot A0 AL B 7 AR AR PG i N S AR A s . PR A o BEAE T O R A
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IO 73 28 A ik A rp 2 BB L BRI AR TR T B L AR SORE S R g X S R, I TR T M XY
Fay 3 IO 7 ARSI FE R A AR 14 Mk R A

1 RESHMMERE

1.1 EBESH¥

JE L MR R A b RO TG BR A A b A At . i A Al DL G AR AR 1] i A e U T2
JFEAE (Chen, Nebelek, 1988). Hif A% I EB AT T 5w B 5E. M4 P W sh Gk Z
S, 1980) Pk ik IE LGS (Butler ez al s 1979) FUA I 5 i BF 5% (8 3 2%, 19855 Kikuchi,
Kanamori, 1986; Nabelek et al, 1987), FEWZE [ NE20°—NE30°; AR 45 1 4 i ¥ #11
G EEWZE W NEAOT; AR I £ %46 45 2 (9 W7 258 01 NES0°—NE60° (i %
4, 1979; sRAEME, 1982). X LLZERERH], B L R 2R R Ak, R LR L TEm
i NE20°—NE30° 1)/ # br J22 B o SR J5 5% 101 56 17 2 NES0°—NEG60 Ry AL AT 2 Be. R i
WFE B . A AT n] 43 kg Jb B A4S B J2 Bt (Shedlock et al. 1987) . By 3 W7 )2 BeE 17l
NE30°, Jt#FWrJ2BoE m 2 NES0°—NE60°, W)= A8 4 miAE i i JF AR B A1 F8
s, AT, PE AL E B T 5 AR B R T R 2 R A BR A O — 3 ) 55° Y b £k (5K 2 51 A
1980). Xie fll Yao(199DZE-E 43T TR 1L 2 i LR M pFse 25 28 . 5 17—l 7 Belr
J2 2 R R R, I 25 i AR D5 R AR Rl 0 R X R TR A Al R ek R AT T R
Huang Fl Yeh(1997) 3R JFH R il 5 %54 #E 47 A FROCHLIIT o R J T 28I AL, 75 31 9 45 R
AL . SR X 2 fz i 45 R R I VS AC B E A T R . PR, OB B AN B A R VY L R
T 2R T B T UL = S, T K A (2008) AR 1 14 H B 1 R A A 15 LA K T Sk Y )N ML
XU i e e R, R AR B T T A L B ) R, I AR R R SRR (1985) 1 JR)
N 7335 75 1) FURE X /NS 81 T A W7 2 B W sl A . AR B 5 A b DX A A 3k 1 ) O [l 3 R
W), BORIZIE AL S BRz 28 45 (1979) 1Y W J2 T 0 1m) A — 30, (B[R] FF 58 96 A B8 74 Jb 88 T F0
AREG AL PR UL s, il L. BRas 2245 (1979) i FH R ML -2 (0 W00 45 SR 40 & TR e AR
A28 5 G SR P R SR A 2 7R R R s ] B PN A% AR T 25 RO A R 1 (HAS BB R I 5T 32
X KRR, AR AR A — Bk, %5 B3 7 K 5545 (2008) B AL L BE 96 iR
B8 R b T 2 UL B4R A SR T K 4 (2008) 45 B 1 M 7= 0 2 T E 1) L B . WS A
AL EZH, s KNSR T Huang F1 Yeh (1997) (1% 32 52 P B 455 Y 114 M 7% S ik
A (R D).

MR 4% Nabelek 28 (1987) (HIF 9 - & A 78 5 111 172 7R b ity 1 8 B b 7% Ry R G 1) 7 )22 I
(4 44 1F 872 F 4. Huang A1 Yeh(1997) 38 F T A0 W7 J2 18 1 A6 A7) 1 07 J2 1 ) e
FORE B TORE . DR TRATT 26 5 i 0019 18 A 82 . Nabelek 55 (1987) 45t (19 & A= 7E W )2 70
B T LR O B D R EWNR R A EGE W E . TR RCR HE AR, RA15E 4
¥ H1'T Huang 1 Yeh(1997) 5 I W7 2 18 244

S 1Ly M AR R N IR R AR R W E S50 TR 1. MRAE Shedlock 55 (1987) I 5%
FEBAY TR T B AR R R A AEREE R 7—22 km BTG M. %4595 T K 845 (2008) 15 %]
149 /0N 2R e 2 o7 1 T J2 1D TR B I 5 SR AR — B0, AR TR AT S P 2 B BV 7 km 3R
b, W2 FEFEHC 15 km.,

AR ZHR A W R AR, (AR T BRI KRR A KERERAE. A1
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(9]
oo
a

F 1 JEILHE R PIIR EERENEZESH T K ES, 2008; Huang, Yeh, 1997)
Table 1 Fault rupture parameters of the Tangshan mainshock and its two large aftershocks
(Wan et al, 2008; Huang, Yeh, 1997)
wie  kms wms wams or BECEEIE e e M
/km /km /m
FEEE 233 89 172 35 15 2. 89 118. 34 39. 68 7.8
210 74 174 29 15 3.93 118.09 39. 44

bl 5 92 37 —90 17 16 1.56 118. 66 39. 81 7.1

T A= 299 61 —25 20 16 0.62 118. 88 39.45 6.9
R TRIEME A T ARG 2 2005 4 9 1800 _
A B TA RE . ERGRIERE N0 = 1600
(HRETVRE R, 2HERESHEN 1400 |
BAE D, wl i, REDRERRBIREE  1200f
SrARAE 520 km IREZVEHIN . KW Z o0
FHPREEH 12 km, FEFRATHE 12 km & soof
Qb 1) A W N T3 AR AR, AR5 M RE R Ay SO0
MW ZAER. oh. TR R X AR R 01
RN OGN RRRE HH <

fral 1 i P I
BOAE Y& N 713 77 1. Xu A1 Wang (1986) P 5 10 15 20 25 30 3 40
N . VRE /km

AR L1 A% 2 7 WML AR 5K 75 9 TS 1 N
JrIa 2 N60°E, 5K i J1 3l 75 1] 24 S30°E, 1 RS 7
8K TR B 1 2 % Rk Fig.1 Depth distribution of aftershocks
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Fig. 2 Crustal velocity and viscous structure

model in Tangshan earthquake area

JrTal. B8R Hb 58 AN [ TR BE AL 3 T RN AS
] AHASHIF 5 1 350 TR B 1) T i 24 7 )
1k, Fei145 IR King 25 (1994) X 2= 45 17 3 7% %
ARl R PR SR T O YR R R KN Ry
10 MPa.
1.2 ihFEEE

AR A AE (2005) %) 75 11 78 J5 TE A8 B F 92 3%
W1, B2 M 5e A 5T 5 34 50 Sk o 25 A 5 A 2
MEEEIEARKZE R, Wik, L2 RTH
Sk A 1 1) Hb 5 B AR ) b 7R 2 18] ) A B A FH AT
WFoE. AW LE G oA 7 X B & A5 i
(1986) , R4 il A= 25 (1985) FY Hb 7% 8 I BF 5% 45
DA TG 45 (2003) Y I T 45 1, 25 A ke R
(200D HE R E R T R I H M R G P k.
S WHLRR Y . iz HI& i3 e b 2 B 005 S B
MR 5 AR B B T O AR Dk 4 ) A
B, g5 TR Ll b X 25 G e R (3R 2).
by 7 2 RS R SR FH R K A Ak 41 2% (1993) 33
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TR AL S0 A8 R 1L M 52 AR U5k BRI T 4 HE 0 L DX M 2 R R s RS R R A A P A O
(1994) R FH A FE IC )7 1 R RS 1L H X 1976—1985 45 Wl 3] 1) Hb 72 7% I F1 32 J5 AKOF DL M 3
TP AR RO By A AU AR SR IR BT B RS PR A AL . TR M e L B R SOR MR =
BN T3 2, il sAURE BE #TE s T 2.
2 BERPRTR A MRS S S ECOR KM BhIR %, 19935 FME B EF, 19945 sK22REF, 2001)
Table 2 Crustal structure parameters used in this simulation (Zheng, Yao,

1993; Sun et al, 1994; Zhang et al, 2001)

2e JEBF /km vp/km e s7! vg/km + 57! HE /g« cm® AL/ Pa - s
1 1.6 3.0 1.8 2.3 1.0X10%
2 2.7 4.7 2.8 2.6 1.0X10%
3 5.0 6.3 3.6 2.8 1. 0X10%
4 8.7 6. 10 3.5 2.8 1.0X10%
5 5.0 6. 30 3.6 2.8 7.1X10'
6 8.0 6.70 3.8 2.8 7.1X10'
7 5.0 7.00 3. 86 3.0 7.1X10'®
8 50. 0 8.25 4.8 3.3 2.1X10%

2 HEAE
2.1 ECHENATK

HR A A 0 24 0 D0 24 b7 )22 T 59 610 7 ) 38 ) PEE A i B W) L R TR R A BT DD IR, K
15 LS 1754k As g (Harris, 19985 Stein, 1999)

Aot = Aty + (Ao, + AP) (@)

o, o S EERE RB R E A A R 0. 6-—0. 8 (Harris, 1998); Az, M2 FisHE
BT BT YIN T 5 Ao, FEAp 4351 Sk Wi 2 18T _E 9 DE W R AL BRI AR T, R IR R
WE. e W, G RN AR LR T B T S ) B g L 1E B AL BRI AR
JEJTRO8E. AN Ao >0, WZW J A FI TG Se iz A s &, AF T 5 2 5= 1 &k .

A F SR FH I T ) b 5% A TR0 R R AR TR G ) 2 o 30 5 R S A A AR e R A
He N F1 7R A B AB K eR B B RR TP (Zeng, 2001) , F AN ZEIRAETE 18 S 77k W N 1428
b 1 EZ N 1 AR Ak, R SR i B L b 5B R AR R R AR AR AR B R AR R A
FIFIGEREM R AL, T EMIERZNZRIEILE. FATE AR Zeng (200D 19 J5 151 5 Hy
7o T 2 Sl A L7 A N T AR Ak i, SRS 5% M X 3 N ) LR/ IMBCE i 10 MPa,
F RN SR N60°E, FE5K N Jj 24 S30°E(Xu, Wang, 1986) 158 Jin4s 3 i A 58 & 1 4 1 1) 7
S, PR TSR A BT )N Ty A e T R A R T i 1) 5 R L R i
T 325 1) & £ e /DN 04 S THT R i T 5% A 1) Ak s DT 2 T A1 R 9 A 4 IO ) e 7 DB 2 1 1) e R
ST YI N 3 75 1) S F W Bl 5 ) DT AT A T S T 2 A T Sl AR R A R R
i st 35 3 1 ) 78 A 5 52 3032 W 2 T AN 2 5 ) B 3% 3K (D SRS RS iR ) 2 Ak,
2.2 MEHE@SEAKEAMBEEEHNEE

King % (1994) % it A4 AL Bt & 14 52 Wi 453, 1% 76 181 2 1) A0 B8 488 R b, FRATT 25 b 7% 7
AR AL 1 FL B I A Hs g 0 3 i B0 5 R L A AN ). 7E Maxweell Rl S0P R A9 BIF 58 s G
PEFN AR B AT LA 0 B R A AR O AR AE R T 2 1 A AR I P . FRATT AT R A B A
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Jot 55 AR AL B s 0 AR EL A ARG DG 28+ X W J= A ZRRUR L P s ot 3 24 1L ) AR AR AT B I
SUPE T 2 ) 5 AR R O AR R AR AN

€ — i[air _#‘71&81/] (2)
2yt 2

K, e HWTE RIS 5 o Ry W2 &R ST 5 A Tl e IHiMEE B, 0 NFR BT UIRE s 0 N
7B N/ (Kronecker) 8 e, = 1, i = js 65 = 0, i 7~ j. (A T .

o111 +622 - 2A2 %
A+E

1 27 1
2 29 —_— — 22 T A< 1 o Ok - —
(e +e22) P [611 022 32 Zluak’ } P

2 2
:ﬂgnwzf%f’ﬂ:ﬂk%%f%] (3)

K, K Egamisat, JATHE, Jrin 1 F 2 RoRWT 2T ER M IESS 7, Jrin 3 #om 5
W7 J2 T Y 5 [l AR Rice(1992) 45 H A I )23 IXORT T J2 o FI . A2 55 B g Z IR] ) 56 22,
JE T _E AN D5 B AR SR R AR . B ey = €li s e = e s AR TR X 5K )ZE R
(15 1 77 5002 JE B AR ], B oy = o (T2 T B9 T« I AR o e 2 A58 12 1R A 5 454301
Mo ey K's WA s, WRE BN o es Ko p MIAFOR. G SCHIGD. WA) L
(G

ow _ Kl QA2won  p—4y
3 A/+2#/[# K 3 + /l (7\53j| (4)
FUBR H 1 A8 4k 52 3 0 1 Z 8] (9 ¢ & (Rice, 1992) K
Ap =— B Ag’“’“ (5

Hor, ap" g R UR W2 A8 FLBR TR AR R ARG . By A VR NG ML 9 Skempton AL #f
AW AAK G155

Ap' :—B/A, EZ#[% < }2”) A’§M+%‘“—/Aagg} (6)
Horbry Aoy g 2 ARS8 7 ) 728 Ak 5K i B X A TG R Z AL, Ay Sy BT 2 4 48T )23 T Y GE
D174k AR, FLIE Ty 28 A AR T 1 24 07 ) A8 A RN e T W 2 T 0 ) AR Ak
TRAE S BT vy SRR p MR o ZRIK KR, A
“"i_?”/sz _ e N
‘U§ [()/1
s ug F o 4300 A T 22 T 48 S PN 1Y) S IRk R R B L o R o a0 S Dl T SR T A S D o
I L.
T R 52 U DN JE] B3t 5 A T Y 4 R AR AR R, A
p=p :Uiizvli “o_ ('U/@>Z ()
z Ug Iz g
FE ATz T b 5= I 3 A8 A ofe HE 0 T 23 DX R BCAY TT RE(EL. X T BT 2 XN R A AL 1Y B
9% . [ B i o R PR AL AR R DX ME R B Z B9 Y ) (Li ez al, 1990, 1994). Li 4§ (1990)
PR P E BB, 25 T IR AE JE W Orovile WK J2 X0l 24985 B 1S Ik B B R0, 45 3¢
B W2 X010 S U L ] B M SE 240K 50 %60, RRUR X I M E8UR E T LR Bl e 2. Li 5%
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(L99) b — LR FTHR . WTJ2 XS Ik B 29 J2 J] [l S 3 HE Y 500 —7000. PRI & L
FRATHEL BB MR AT R o/ R 0,49, W72 KW AR (gD /e 19 0. 51

B A AR . K=K =24,

A’+2¢K’+%(§+§%)ﬂ )
A’fzﬁ’_x’le/—ga’fz#’_5+54&’_o'7184 (1o
p
X TG B 2 Ak
= A+%p:§#:§— (1

At2: At2x  3x 9
W 1T AR IR XS W A TR S B 70 40 M RIS ER ARG, A

N :—B/<O.6336%+O.3664A033> (12

TORE LA B T U DX Y FL B A T ) 28 A g 3t R S A I AR A B S R R TR
T PR 30T ) 2R BB 2R 00 T AR A AR A 3 CH S Oy

Aot= Ar+ c’[Aggg —B (o. 6336 % +0. 3664 Agss ” (13)

$i i Cocco I Rice(2002) ik, BB =0.47, ¢'BL0. 75, WX R F 3 (1) A 5 FLERE )
RO IR EESE 2280 ¢ Jy 0. 4(King et al , 1994). J5 T 306 % % 2 5.

Xof T W7 J2 1T BRI 10 ke S PR P 0 PR M 4N ) A8 AR A X (3D 1158 8 B T J2 b Y R
T Z N 7 A8 AR PR R 158 7 AT

3 RMER

31 BUEFENARRARENME

HRAE R 1 T8 BIE S H TR 2 45 M FE 2500 280, e AT 180 P 3R 149 P2 e 24 03 ) A
it B, WATTHE TR IL =R F X 17 /NG &AM Ee LR b DR Il AR A
BRI T HAEL 11 A 15 HP7 R EC R 184, Frfas R LK 3. AT WL i
REAEFE I ERE A1 0,050, 2 MPa PEC RN S B R3N T & 4, T AREAEREILE
AR B AR AL R 2 AR 0.2 MPa [N J1 3K 8h T & AR, X 5 AT A58 1) 32 58 ) U B R
(J37k #:4%, 2000; Robinson, Zhou, 2005) DL J JF 1l 3= 5% A1 B 52 %5 77 3] b 52 (Rob-
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Fig. 3 Coulomb failure stress change projected onto the fault plane in slip direction of the LLuanxian
aftershock (a) and Ninghe aftershock (b) generated by previous earthquakes. White thick lines
stand for rupture trace of Tangshan mainshock. Green thick ones are rupture trace of
Luanxian aftershock (a) and Ninghe aftershock (b), respectively. Dash white lines

denote the stress change calculated from elastic model
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Fig. 4 Coulomb failure stress change evolution generated by Tanshan mainshock and its two

large aftershocks, and by corresponding aftershocks in different periods
Time interval is 2. 8 year. Small circles stand for aftershocks in each time period. Thick white lines denote rupture
trace of the mainshock and two large aftershocks. (a) Tangshan mainshock—1979. 379; (b) 1979. 379—1982.
1795 (¢) 1982.179—1984.979; (d) 1984.979—1987.779; (e) 1987.779—1990. 5803 (f) 1990. 580—1993. 3803
(g) 1993.380—1996.180; (h) 1996.180—1998. 981; (i) 1998. 981—2001. 781; (j) 2001. 781—2004. 581; (k)
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