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Aftershock duration of the 1976 M;7. 8 Tangshan earthquake
and implication for seismic hazard estimation
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Abstract: The disastrous Mg7.8 earthquake in Tangshan, China, on 28 July
1976 caused great damage and significant casualties. The mainshock was
followed by two large aftershocks: the Mg7.1 event to the northeast near
Luanxian 15 h after the mainshock, and the Ms6.9 event on 15 November south-
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west of Tangshan near Ninghe. The aftershock sequence lasts to date, making
regional seismic activity around the Tangshan main fault much higher than that
of before the mainshock. It is always difficult to accurately determine the dura-
tion time of aftershock sequences and identify the aftershocks from main event
catalog. In this study, by using theoretical inference and empirical relation, we
tried to derive the time length of aftershock sequences of the Mg7. 8 Tangshan
earthquake. The estimated aftershock duration from a log-log regression is
about 120 years according to the empirical Omori’s relation (Toda et al). Based
on Dietrich theory, it has been claimed that the aftershock duration is a function
of remote shear stressing rate, normal stress acting on the fault plane, and fault
frictional constitutive parameters (Dieterich). In general, shear stressing rate
could be estimated in three ways: (D Shear stressing rate could be written as a
function of static stress drop and a mean earthquake recurrence time (Dieterich).
In this case, the time length of aftershock sequences is about 70—100 years.
However, the recurrence time inherits a great deal of uncertainty. @ Ziv and
Rubin derived a general function between shear stressing rate, fault slip speed
and fault width with a consideration that aftershock duration does not scale with
mainshock magnitude. Therefore, from Ziv’ s consideration, the aftershock
duration is about 80 years. @) Shear stressing rate can also be described as a
function of background seismicity rate (Console et al). From this approach, a
two-dimensional spatial distribution of the aftershock duration can be obtained,
and the resultant time length of aftershock sequences is about 130—160 years,
which is much longer than that given by previous two approaches. The conclu-
sive noting gives that, for the 1976 Ms7. 8 Tangshan earthquake, the triggered
aftershocks would last at least 70 years, implying that the current earthquakes
which occurred in Tangshan region after the 1976 mainshock are the aftershocks

of the main event.

Key words: the 1976 Tangshan earthquake; aftershock duration; earthquake
triggering; shear stress rate
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YE—F B IRBIG , MR A A6 A e By 14 5 J 1tk DA B2 B R I B P o ] o A A4 B3 A
RV T 1) HiL A2 S B 1 5 2 b AR T DX P b R O B PR S AT R AR AR b AR S B
PEPEAS AT H, b 7R A B M 0 B A8 A — S8 43 Ok ff 0 1 B Y (deterministic seismic hazard
analysis, &5 DSHA) HI 2 #b = & K6 4 PE ik #5 &Y (probabilistic seismic hazard analy-
sis, 85 4 PSHA). Hij# £ 20 T 81 K TR L2 R A PRI, 7852 bR i & A i #
H, TR W2 R MR B AR S e S A i 2 A E P, PSHA (Cornell,
1968) 1L AU 1 vz i Tt 5 4 [t 7 A 0 M 23 B VP AT B3 e T B AR 25t R e 8 1
R E AT 2 h 4 D F A H L (Kramer, 1996) . O X EIEN AL O X
DXl 752 9% Bl 1 I S AR AR AE 9 358, B Gutenberg-Richter 3¢ £ CF Ui R G-R K &)
@ bR B LW OC F B W ] 5 @ 375 bl B ARE A< ik BT R e i BRI Hor, G-R G &R
lgh, =a—bm,, HRHERT BT m BEFEREO , by o EF0 6 G0 i Br % € 1
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EHSEIE, 107" NBRRKTEHEFEAEIT R m, 1 HE 35 % XA o (804
WY RES/NRRER W B & R a R o A IO AR 8T DX 5 P 3 Y 3 52 0 sh v A
PSHA HSEBr B . YA (Poisson) {5 15 ) 2 % > B 1 Ak 1) B fitli (Kramer, 1996) . Bl iy
e AR H S 45 R M R R AR S . A SRR B SR A T AR . AR S
a {3 AN TR o A AR TT . DT 5 SOHT L A M A2 e B Pk 0 e Ay, el IX 40 B 51X
BN B AR R — HIE S HE 2% A (Stein, Liu, 2009). Bk, %3525 4 B 0 i)
Ak & ML A BF 5T, 0T DAAE — B AR B L ok i 5% H SR S8 bk i — 20 BRI R R R I
PO IR M. 53 Ah . X 4% AR RS I () R A & AL A BR T AR RT A ST A N Y
A A 6 DA TR B A 214 ) 4 LA

AT RV, 5 R 5 T H A R IR )Z P RN R i XA R TR R R AR, A KR
HbRE S Bl RN, EL A AR TE B N R) ) YR B BE A )R T C ~1/¢, ¢ RIFRD
A 75 UCB B B [ 1) B s B 5 K £ (Omord) 256 56 R TR, BT, X EEEREN
7 AE AL AR S R U T A il R M A ik k. W R A2 T AR 2 A ELE sh R
Y DX 3882 R S 3 25 4k (King et al » 19943 Harris, Simpson, 1998), Un%:1E T Wi )2 1w
PR R 1 A5 Ak ACFS i IE . A2 Al % 5% Wi 2 mom ik 24, R Z W el ) & 2B Xk
JEVF 22 SCHR R T3 0 B B AR BT, 0 T b T P AT B B A D e 15 T ) B i B S
At~ ACFS/t, ¢ Jp By R J) . sh 25 W 77 fisk % o WK 4 7% 14 fik & VA 285 - sh 25 0 7 I8 0t 7 )22
(5% 0 (Gomberg et al s 1998). 3 12F W7 )2 T f9 14 Y AT I8 [0 P LA it g I 22 P 0 oBR 245 1) A
fb, IS BT 2 BRI R, — Mok, shAS il & X T 3 (23 AW 2 BE B M= 1 s 1
F18 d 55 10 0 i R B 2. IO 3 ik . WU UA 4 T R AS IV g 3 78 AR 5% TR (Parsons
Velasco, 2009). AL I, BT U 58 3 S8 AR AR AR 1) B2 482 1 ] (Dieterich, 1979, 1981;
Ruina, 1983; Rice, Gu, 1983), DA L[ oy B 11 550 35 M B 8, o5 O 24 ik T 7 )2
FEERFa ) J1 2 12 B2, Dieterich(1994) #E 5 th 1T 54N W72 1 K GE & 25 T 1 A2 VR I 1] 1)
AL TR o B R S B ) R P R A L RS B B N T AR AR O R AR I £ A
W A TN R AR AR RS T 0 10 ) L R 9 R ;. Console % (2006) X # 3 8 %1 2
REBEARLAT T — B MBI, Gl T SR S50 AR 2Z e R, 3
F Dieterich (JFi, Toda 25 (1998) XF 1995 H A< B i i 7% 4% 5% 19 52 0 R 28 11 oK ok i 72 % 2F
AT REPEHEAT TR . PR R M5 A R U T R] (9 A8 Ak 06 R . JF DARLA B2k [l 31 3
2 7 YR BT S R AR S Ay R e ). Stein A1 Liu(2009) %o B He P 3205 FNAR 25 4 7 4y % 45
SR HEAT T HE AT s AN AR AR I RS I (8] 55 7R OF O B A SC 1k L T S B2 1
PR TN 28K 3 23 A K

AR LA 1976 4FFE I Ms7. 8 KR A0, R I BISTH ARG . IO TR f B
AT AR R R ), I X 25 R AT A B TE. BTSSR ATk X AR E R PP AL R A
A A S EL

1 HREEMRENMIKIES =

1976 48 7 F 28 H I Ms7. 8 RMmE2 20 &l & A fE b s X i e R S 4F. %3t
s X R L B G J] 3 b DX T R BN R T AN R R . ERRZ IS 2 15 AN EREL UK
AT MsT.1 52 AR 11 15 By T SORA T Ms6. 9 HiGR. ZJEA Rt RERA I —
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Fig.1 Landform, active faults and historical earthquakes before (a) and after (b) Tangshan
M;7. 8 earthquake. Solid circles represent Ms=>2. 0 earthquakes, solid lines denote

active faults in this region, and color bar shows elevation
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8 mm/a, HFHEizaJ7m N N120°—140°E(Wang et al, 2001; Shen et al, 2000). JEL ¥
2R — R W2 . G R F R K 8 km, BUAGE [ N30OCECILH#I] 4§, 2002). FE
BRIRRE M 15 km, W25 E N 20 km(Huang, Yeh, 1997; Harvard CMT M ®). Butler
SE LT AEXT B L M AR R WAL A DF 5 v s gt TR LD AR AR M7, 7, W R O 2
140 km, #HIEHE M, =1.8 X 10* Nem, EEFH SN IFE R 30 X10° Pa; Huang 1 Yeh
(199D 25 I R Ll b 5% ERR RN Ms7. 8, Wi 2K 48 km, R4 M, =9. 810" Nem,
TR A S Ar.= (4545.5) X 10° Pa; Harvard CMT [k [ 25 4 F8 1L 3l 52 2 7 V% 760 b
B FEER N Ms7. 9, BEMLER A M, =2.77X10% Nem. FHiHEFE L H0E
3.53 m (Huang. Yeh, 1997). J4h, 195 oA £ 8, FHILWT R4 b 7 %L 1 bR
(4 EE A 2050 3000—4 000 a (AR AR 45, 1994). #AS PRSI 7 B 45 B 0, 51l
Ms7. 8 #h7% E B KIEC I S ACFS 28462y 2X10° Pa (Robinson, Zhou, 2005; Jj K
45, 2008). FEIL Ms7. 8 MR T, X IR (117, 5—119. 5°E, 38. 6—40. 6°N) ({115 5 37 i 52 4F.
KRN 6 Y FEIL Ms7. 8 MR J5 —4FE N . HAR KA RIRTLH 422 K5 1978 4R, R E
R 46 K. A E L RE & A A A RV, R B 2006 AEIRAR R AEIRECH 17, i
KT H R = )AL

2 s EfAHB Dieterich IBig

1 A M= 1) 32 IR AT LUV 45 2 W7 J2 BE O AR R I R AR AR A0 T A R N B S
SRR, BRI AL %%ﬁ%?ﬁ@ﬁ%%%ﬁ}%wﬁﬁ%%%*%‘ 1

p= T = Aln(g )+Bln<65) (D

c
X, o Mo 40 B2 T F A RIE R 1. & RS R, 0 NI BIRS AR, p >
—HWHL S MO RIS E B EARS AR A M B, il SR G E, A
WRH T A A A &, HIEUEEE —BTE 0. 005—0. 010 Z [a] (Dieterich, 1992). JRZSZE &
0 W N 8] 19 B8 A28 Al il 3R 1 W7 T2 AT A B Al I ) A O Y 5 Ak i R (aging) . LA S UH]
23K Jy (Dieterich, 1994) .

&

do = di — (i)da— (ﬁ)da 2)

X o WA s o HIEN AR AW S B, —IBUE DY 0. 25, AR AT »
8 T W7 2 T A 1E B ) PR AN A L A
iy

9_,_00
@1 D (3)

A, D il R s, HIRE—f% )y 1—100 pm (Marone, 1998). HARX () UFH
i, do/de=0, §=0/D., ULHIKIZE L E A T — R RS NI e =p +(A—B)ln
(6/6"). %4 A—B<0, %ﬁ%@ﬁjﬁ??ﬁ%ﬁrﬂ%%%ﬁﬁ. RZ, % A—B<<0, WXt
TBEE R SR X AR B EUE. W TN )2 & RE B B 29 K (Scholz,
1998).
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=2, BRI ZE BRI B — g b AT P58 AR AR # i8 (Rice, Gu,
1983), WK 2 fias, Hsh ¥ B 5 R

dp/dt =— k(5 —&0) 4

o, kN RINIE B S, H h<<k.=(B—A)/D.(Scholz, 1998); & it 0 m &k 2.

BUERMA AR (D . (ORI, mT LA WZ W sh i b B2l il 3 AN B Bedd sl (& 3) . D

T E WS B @ BB @ WS KRIRN B, s 2 69 W] s ad BT 0 T2 3 BrBe, RD
W= B Sh AR W AE LA B A N S .
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l
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T 0000
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Fig. 2 Spring-slide block model with kinematic equation
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3 WEW S EAL AL R (Ziv, Rubin, 2003). HEALAT 4k 3 BB
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Fig. 3 Seismic cycle (Ziv, Rubin, 2003). (a) An example for the evolution of block slide rate.
Phase 0: Fault is approximately locked and slide rate is well below that of the loading point.
Phase 1: The slide accelerates. Phase 2 represents earthquake; (b) An example for the

evolution of fault state throughout a single seismic cycle

M Dieterich(1994) #IE AT 1. 40 SR BA W2 (38 A iy Be ik F 18 3 Fras g B B 2, BRm
AR, B4, 0 KT D./SO0>D./S. FAIAR AT N

do/dt ~— 05 /D. 0= Oy P (5)

USRI T BB () =70 T, Hop ¢ y—d . A2, iR (D, (O NG BRAE
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Fig. 4 A schematic map of the clock advance of slide velocity (a) and shear stress (b)
(a) At shows the clock advance; (b) Delay in the seismic cycle (Fig. 3) when a perturbing
static stress Az is loaded on the fault. It can also be considered as the reason for aftershock
triggering. (=>t,, AM~At/t; 1<lt,» At~Atr/Ac. L, is the turning point between ‘phase 0’ and
‘phase 17 in Fig. 3. It also represent the nucleation period of a fault and the time length of

aftershock sequence
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PG . 4n 2R 0 2 A X SR T 5 9 BT R F A R0 ¢, 1 S MR KRR . JF
T SCHT RSB R 7o = 1/ 7, ADRFA T = MR 15 Sl P . 8 AR I K A R AT LA
N R=r/ye,. $iRTHFGHHGRTESIPE. A2 N T BRAL 5 04 3052 0% sh P A2 LR

Ve = Vﬂexp(*%) (Ar — AR ¥
o

ARt —H B e=0, W

dy = Aiau—yf)dt 9
yu ;}:ﬂ %wlﬁ%ﬂi‘]
_ _ 1 oty 1
Y1 = (7,, t)eXp( Aa)+ Py (10)
B . FeATT AT LAAS 21 4y A2 B s 18] 1Y & A2 R
R=— A”f/ff t &£ 0 (11
T — AT T
[;exp(K)*l}exp[?J—l—l
M4y Z B FF 22 B} (B 4R 22 & (Dieterich, 1994) .
I & (12)
T

SAER T WE LAY IE R ) BAE . 50 B AR R b R S O . R BOE R
JG W AR G REATAR ], Bl =2, B, .= Ao/t

3 REFEMEGHE

HARADH, K r=r,, exp(—t/t)=e'. WL, t, EN—FFAERFRIRE, £ T R~r,
RV 3= A5 3k 1 4% 5 s ) e 90 o B [ 7 R 0 426 3 T e (AR R MM AR TG sh k. ik,
X AR R S ], FRATT AT LAAR 2 5 M A AR I RS e (R (R — A AT
SERARAMESCE L R RE A 1. BAR AT O I 8 Ay R N S 1 b R B A ) EL AR [T
A RRFLLI Y R AR R e AR e . F 1. AN 4 10 B & R R R gt
] 1 3.
3.1 MEEMERETE

B, A BIBUE I EIE Ms=>2. 0 Fl Ms==3. 0 WA EF A 3% X 58 1) 5% 45 &
Az A BE I ) AR Ak I X L E AT X B R LA, 2 R AR R AR R B K M R T R
BF DA AR AR AN FE RS, MM AR & AE B AR R AR & A 2 ] B 15 5t 3 1 3 BE R [R] B Oy A iR 1
L2t iA] ¢, (Toda et al, 1998). A T WhFHXF b . BEIMAs R nl (55, s et B8 =i
VS, BT AT @ A6 10001976 4F Ms=4. 0 iR H 3¢, GR @ &4
AT Ms=2. 0 Fl Ms=3. 0 B ()85 S 2 k5 @ 1970—1976 4F Ms=2. 0 (b= H
F (] 5a, b). ZJEFN1970—19764EMs =2, Of R iC R A B Z i . B Sah iz =518
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Fig. 5 Estimation of afterschock duration of Tangshan earthgquake

(a) Estimation of Ms=2. 0 afterschock duration. Solid line denotes log-log regression result of
annual number of Ms=>2. 0 earthquakes (gray squares); dashed line stands for background
Ms==2. 0 seismicity rate calculated from 10001976 historical earthquakes following G-R law;
dash-dot line represents background seismicity rate after 1970—1976 Mg = 2. 0 earthquake
catalog. (b) Estimation of Ms=3. 0 afterschock duration. Anotation is the same as that in Fig,.
(a), but for Ms==3. 0 earthquakes
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W Sa v LR 2 /. XTI Sa. b i A ORI 5 8 2 5 15 B B AR ARSI ]
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[Fa) 8 5 2 T ARG AR 0 AR 5 I ) A 8 il o T /DN R O ) 2 T BUR R R S N R i AR A . (HER &%

http://www.dizhenxb.org.cn



439 i BKEE: 1976 4FJH I Ms7. 8 M RE A5 7 51 455 5 ][] K n) 3 7 76 6 44 0 A #9) 38 S 503

1 ORI R P ORI R T T gl T I 1000 45 51 F 1L 4 72 AT K 7 T
REABZ M, UIARME B R AT RN, WamiREREZEn . 28 BTk, Xf
B 1] R S4B A R L AR AR R R e ], (RSB ET 5b s BL 19701976 4F M=
3.0 WY HLRR N T 5 I A5 B R 45 53, WK L R AR R AR 2R ) O 80 a A5
3.2 EBEgitE

AR 2), WREEAMCR AR AR B CA, HAERF W28 e R
J1FIIE S B O ) NG AR AT DU SRR R A B R SR ] 4. SEER AR, A
IE S FE 2 0. 005—0. 010 (Dieterich, 1992). MAZ12) ol #4541, WH A=0, RW)2E
Bl S BRI, W =0, REHERRN LA, BRATFEFREWMALE. X T o,
A8 B A AR B R Y X [A) 95 Bl . Harris F1 Simpson(1998) X%f M San Andras Fault By #F 58 45
t 6,=30 MPa, MMi7E 5—15 km ¥ B A #K A K I3 0 45t 0, =18 MPa (Beeler, 2004).
Wit Ao BB AFEB R IR E. A3, FATRM As=1.0X 10" Pa. X —£5 K H
F Belardinelli 45 (1999) i3 45 (Aga8. 0X10°—9. 0 X 10° Pa). X — 45 B 5/ A T.1E
(Dieterich, 1994; Gross, Kisslinger, 1997; Gross, Biirgmann, 1998; Harris, Simpson,
1998) & —2i. B S AR « Jovk HEAS . T i g JLAF AN [R) 75 2R B & AT
33 ..

1) AL BY N ) A8 AL A R 2SN ) B Ace S A2 1 AT A ¢ 22 8] T AL O &R (Diet-
erich, 1994)

¢ =—% (13)

K, Ao A FEFRSNSTRE. 18 T U R L W W7 )2 A AL v 25 0 7 B RR T )22 58 B L P2
WS B % & (Knopoff, 1958), A
Ar, = /%i:%%ﬁ (14)

Krf, W R L 2 Wr 4 i W 2 SE B2, D iy B LR MR - 4 2 i % e S B DD B 4t
B 2 55 B8k 20 km(Huang, Yeh, 1997; Harvard CMT W@, EHE F %K 3.53 m
(Huang, Yeh, 1997), 8j¥)#ift ,=3>X 10" Pa, AR (14)73 Az, =33.7X10° Pa. 44t
2R by DX S22 04 52 K SR 81 Ry 3000—7 000 a (AR AR S5, 1994) , T fe i W98 3R WA e Ak 1) &2 %
JE IR — B BEAR CE 4R AH . 5K %0, 200D, ARAA13), AR & IR 3000 a, N
A3 ¢ 298 1X10° Pa/a. H/AZ(12) BT SR 15 4 R RS2 0) [] 2 100 a 245,

& F AR WU A T, WA A, R UEF AT A IE B AR 45, 1994). Rk i 1 i Ak o
T, WORFRATE M % W R M, R I KSR P S » BV 3 in 2ot %, R4 X 39
Ly b 52 R B 22 i &2 SRS T, mI Al 358 (Chen et al » 2007)

lgTr = 0.16(gM,) — 2. 53 T, = T6.u/8 (15

Ao, T H AN San Andras fault 1E 304G B 1 BB (BT . a), M, k3 7240 (BAL(S .
1077 Nem), 8, =2.3 cm/a HBHINEHEE, & Jylr 2 gk . oty R 45 o] & & )
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504 H = 2 Bl 34 &

252000 a, FRRARKXADFIA3), WRBRFLLNTEY 70 a. 40 2L % & F| A =L 15 [lIH 3t
SR IR B oy 257 2 el 2 T AR AE BN B M, DU AR FR R SR R HT 3K 100 a.

2) T 5 N 1 NG A ¢ 0 UE R SR IBUAE A K R E M. Dieterich (1994) 5%
FAT B9 Ry m#Ga R R R M R T, RSN 0 Ace. 1838 e~Ac /1. HIL L.~
t.Ac/Are. FLIREAET T, 45 052 & AR E 8 I E R A h—F 80, B Ace AR
FHUR RN KN, B ¢, SEFR O b 352 0 A2 SR 0. AT A, KRR A el A2 T
R FH/NE I E I, X — 8N GRERATH. B, .~T, BRE&E THERZRNYT
B s A% 2 W HF SR I )t 2 /N A SR S B 174 b R 0000 S8 7 o 4% R R R B ) 5 e R AR )
KZIEARWIH. HIL, Ziv # Rubin (2003) 45 T IEA R

¢ = pbo/W (16)

X, 00 NI INEGE A, W B2 988, p AW Y IR, JF H Ziv # Rubin
(2003 38 328 Xof fim M o4 T 4t 5% ) AF 9 0IE 55 s 7R I /0N O R 3 AR R AR 8 I 1] %) B A )N
O BT Bt o= 3 10 Pa, 455 55 8% AE W E 177 1 1 BB 5—0. 08 em/a (Wang et al »
2001; Shen et al, 2000), J& 1L HZ W2 % JF W =20 km (Huang, Yeh, 1997; Harvard
CMT D). i3 A6) ARG £=1200 Pa/a. fRALAKX A G BIREIFFLENS ] £, =84 a.

3) SEbr b, 3B ) AR« 0 n] DL T S RO MR I S PSR . B 5 R 1 )
P Ry T LA e DX F 5 0 AR AR AR A [ TR AL . M, =16 A6 R/ 7 B AR N A L
B &, Console 4 (2006) %5 H

b T e
2 — 7M * 1/3 (1 /))(mmﬂx my )
T RMTI.S—[)(lG 0 ) A‘[ 10 (17)

Aoy B MR AR R A % Ry =N,y /AtS. s No iy At B[] PSR KB, Soc R X3,
HA. My ERRY m BIMBR AR . My =M, 10M7 ", M, N EHIBREH N m B
[ e (Console ez al , 2006). X7 53 M52 16 S L 0 A AT 25 MDOE e - 15 2 480
RETFSEIT R AN 6., n] DL B XS N B R R R [ R 220 130160 a. [ 6 S i M5z
TG A B R 1L )2 T 7 DX AR R R SR I (]

4 ZRITLE

F 1Ry ARSCET R A FhoF BRI AR I L R M AR AR R RS E]. B3R T AT B MR
HRABIKZ R 100 a 245, TEXTARRF A B2k [B1H (Toda et al s 1998) 31 Ay E +F
SeitiE] ¢, 0, MR E T O 2 HA BHER N T RGBCRFZBHN, KRERLn
[ AZAEA K HHH TA BRI B SRS TR B R ERFZ A 2w K @ BT
XS . TR I BNt Sk R, BB RE
FRLemf ] . J5 vk — (Dieterich, 1994). 3 2 ¢ 2L i [a) ) 3 25 me [K 3 76 T W7 )22 1ol &2 ) 40
F AR A I ) R T AR R A N ) R S W2 E R R Y i B SR e s O i T (Ziv,
Rubin, 2003). AxFERFELEE (] (4 32 8252 0 R 2278 W7 )2 10 L9 GPS JE A8 3802 71 B )2 96
Ji: = (Console et al s 2006). H F Jj 5 Hu 7= H 5 7 BN 576 8 15 R, i /s B 6 i A 20 (17
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LIS E 118. 2° 118, 4° 118.6° 118.8° 119°
Bl 6 pb R St R A S0 1L Ms7. 8 b 7= K7 2 T 16 X 35 ) 4% 7% 5 2 1 1)
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Fig. 6 Aftershock duration calculated from background seismicity rate in Tangshan region

Circles denote historical earthquakes during 10001976 in Tangshan region; solid lines represent active faults

F 1 R IR TR AR R R I i)

Table 1 Duration of aftershock sequences in Tangshan region

THEL T A7 t./a T it
Toda % (1998) 80
70—100 Ate=2Dp/xW (Knopoff, 1958)
Dieterich(1994) 88 Ar.=30X10° Pa (Butler ez al, 1979)
133 Ar,= (45+4.5) X10° Pa (Huang. Yeh, 1997)
Ziv, Rubin(2003) 83
Console %% (2006) 130—160

ST BY N A AR ¢ i/ BRI BOURFRFFLEMS ] 2, fi K. 7350 b fEA AL ot 25 T 5
to R X Mo BT SEAREE T D s MR YRR R R e U B XU S B R M
s P HTX MO IE Al TR R R G p 18] . 7R D s i H R A e 48 . BUR R = R K
D s R B B DI, A BOR Y ER 2.

X B Stein Al Liu (2009) 78 XF P fili 052 4% 7% F 91 A A0F 5 v 4 1 9 AR R 15 S I 1] 15 7 )2
INABGE R AR FE AR I R FZFFLES ] IR 100 a ZE 47

5 54t

0 SR R - R 9 I S B L A AR — B, R A AR R B IR A AR R (LD
H N
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506 H = 2 Bl 34 &

R = — — ¢ 0 (18)
[exp<44;£)4*1]exp[;:*]+-l
b, Ar BUR LR F R i K JE S I S48 4k 2107 Pa (Robinson, Zhou, 2005; Jj 7K %
%, 2008)  REFFLNTIE] ¢, B 85 a, AP 4 H1 Ll 20 U4 A 4R & A= S5 B e 1] %) 5 i an 1] 7
SRR, P Ry B R R S B R RN SR A M AR AR R R FE LR W R A — RN
LA 10 B die 5 5 B b RS A5 A DX, LR A T REA . D B I & A B ¢ AS R FA7 B i T {00
.5 @ HURE W & AR B R A8 Ak d K T 3 AR e K BE S I J) 28 fk (Helmstetter, Shaw,
2009), XS T HERRE S ERES. MERBEE -FZ EERREE RS T =
it B R MR R AR R B A, BT R R LR S AR B SR A F 1 2 B b R AR
KA ARYE A~ (18) i 71T A4S B By M = AR kAR R

o
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Fig. 7 Theoretical estimation of annual number of the aftershocks engendered by
1976 Ms7. 8 Tangshan earthquake. Squares mark annual number of Ms=>2. 0 after-
shocks calculated after the earthquake catalogue. Dashed, solid and dash-dot lines
all denote annual rate of Ms=>2. 0 earthquakes calculated after the formula (18). In
calculation we assumed As=1 and ¢, = 85 yrs. Dashed, solid and dash-dot lines

give the curves with Ac=0.4, 0.2 and 0.1 MPa, respectively

Stein #l Liu(2009) 45 i . ZLAEGE A M0 52 FE B PEPEAG 2 — 20 4R . 7 ZLRE T2 IR R AT
— NI R GE . I8 s AT MR BB S LA K GPS LI J7 36 R W 8 s 52 15 S 1k . T 3
35 A IR DX 35 N s 5 4% 8l PR R LI DRl R Y A LA B RE A SN AR Ok 1 R 7

3T Dieterich(1994) B AR R fih & UL - FATIAE M B D18 T AR AR A FFZem (] . 2%
TSR 1005 45 SRR BT, 1976 4R B 1L AR A9 R 22 I ) AT SR T 4R, BOARTT R P B R 0 E 1
PUR AT IRAFAE » (ELE5 S e 1 il P9 30 M 722 3 97 55 W 2 3t 75 1) DS 22 55+ 2 I ) )
TR SR 5 T 5 3l BRI A O U A 3 AR R ) A ) DU e T B e = W A Rk
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