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Abstract; This paper proposes a conceptual model of earthquake source body
with Kelvin viscoelastic property to investigate the physical mechanism of Omori-
Utsu’s law, supposing that tectonic stress field after main shock does not
change with time and equivalent viscosity in the aftershock region is much lower
than that of its outside in the period of total aftershock activity. This model can
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simulate aftershock sequence induced by post-seismic creep and stress readjust-
ment, and the whole process including creep stopping, materials recovering to
its elastic state, and faulting turning to stick state for next earthquake. Finite
element method is used to calculate stress field evolution caused by a main shock
and its aftershocks in the model with heterogeneous material properties. Further-
more, the model and the method are used to simulate decay of the aftershock
frequency of the 1976 Ms7. 8 Tangshan earthquake. The results show that the
mechanism of Omori-Utsu’s law may be attributed to the stress changes caused
by the creep of the fault and earthquake source body, which implies that after-
shock frequency depends on the creep rate and decay time of the aftershocks is
controlled by the equivalent viscosity. The lager the viscosity is, the longer the

creep time or the aftershocks last.

Key words: Omori-Utsu’s law; Kelvin earthquake source body model; finite
element method; the great Tangshan earthquake
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KRHFZIG » RFERY I 23 J A S AT 7% B A 55 5 1T A4 BIF 5 X Bl 75 D 9K 1 7 5 o 4
SR HERE S ARFEBFEN GG a0 )5 S0 VB AU 45 ) J 0] ax 26 Jia]
HEAT T HESE . Hh B T A5 B0 T B0 R iR AR e R R A R AR B T2
. Hi— R -T2 i E A (Omoris 18945 Utsu, 1961), % & A A T 1891 4 H A
Nobi #5% # 4% 5 ¢ 51 (Omori, 1894), J5%8 Utsu(196 DB IT5E i, A A T 1 I A% 7% vk $ b
I I B9 S 806 AR 5 L Ol B B - L SRR 2 1 (Gutenberg, Richter. 1954) . fiff i 7 45 7 IX.
Sofe R — 7 I ] 31 ] PN A 0 52 R 5 M RR R B B R 5 2R, AT L T A% 7 BRI ) BB 4R AR
e P AR D R A, (HAS BE I AR 52 Y K R M s RTINS ) s = O 2 RR (Bath) i
(Richter, 1958; Utsu, 1961; Bath, 1965), fiiid EERH M ARBERZ MM KR, K
RREBR— W FEREH/N 1. 1—1. 2, W2 B bl £ 2 B P3G s 2>, %o # nl
FEAS BE ) A2 d5c R AR 52 19 0 58 My U RLIE []L OC T oy 8 - HEL e R E R Y W B L] . Ohnaka
(2000) F1 Yamaguchi &£ (2011) © & #EAT 1 AR 45 (4 il B 5 (H G T R 2R3 e R 2 45 2 1
Ay EEALE . H DA 2 AR 7 2 (Dieterich, 1994).

KRWBEZIG . RERAER—FERME, HATE DA LS AT LUg R . —Fh
S b 5% T B0 R S AN b M0 4 B ) A 3t (Freed, Lin, 1998, 2001). —f&ik k. FHu5E A0
e RS S 1017 —10% Pass (Deng et al, 1998; Flesch et al, 2000; Hu et al, 2004;
Zhu, Cai, 2006; Biirgmann, Dresen, 2008; Thatcher, Pollitz, 2008; Chang et al, 2013).
g & A W BT YIRSy 10 GPa, R I AR AE AR sl (8] Oy 0.3 a—0. 1 Ma, RIAE & 26 B2 1
JER s TR ST AN E M0 % R T A X & R T 2 N 0 AR A 0 R W K 4 2 AR A I ] (Stein,
Liu, 2009). Jj— i o AR -4R S BE 45 e HC T0I0 A5 21 1) 4% 75 K5 Bl I i) £ 2 0 AR AF
KIFR-F 2 B (Dieterich, 1994; Marsan, 2006). X} T SR Wr 2 LA AR, B Lt
() P45 A A2 5t I ) R e 7 o B b T W 2 I 38 R (Savage, Burford, 1973; Stein, Liu,
2009). Stein Fl Liu(2009) H 5 38 584K 25 FBE 452 5 2 000 9248 718 TV 2K Bl P 1) 4% 38 e 71 0 P
T ) W R 5% 1) 4% 7R A7) AR 8 B K ).
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A0 BB AN Y 5] PR ™ T R B AR R B 25 3. Hu 58 (200920 F1) AR 32 7% 52 U6 XA i
AN M2 B AE N I A LR M A BR TR, WIS T 1976 4F 3 1L R MR I AR R o A » 45 2R
FEW . TR B AR AT P R TR R TR i TR b R AT )2 T A AR R A A (EUAS RE s L )
5. Masterlark (2003) 1o ] F = 245 KR G BIGIE B 1 A J5 A 34957 1 4 of 75 11X 114 25 T2 0 iy
T AR = A R .

A B BB R R 8 2, 5 UL 0 A M iR 7 B A5 (Okada, 1992) {55 4
BI(Hu ez al, 2009a, b, 2012, 2013) I 82 4% filh J) 27 B Y (48K A5, 19995 Zhu, Zhang,
2010, 2013) 5. Hiu 52 (o7 5 155 LA 0BT )22 0 Sl 8507 b B0 B A e S THD . 76 BT )23 i 2R ot A 1 s i
R FR 525 28 T8 L B 0y ) 8] 8 (1 T 36045 5 T A5 30 17 702 . 0 A TR S ek e AIK  J2
(18 58P AR i B B DS e R A AU Ml R R AR L AR Mok 7 2 A TR UL S A I T 2 4 ik e b 7
JE PR R BORBAU ML AR 2 A s o ¥ Ry Bl Jy 2 AL, 325 58T W0 B VL ) A 1 5 i 5 2 REF 5
WiZ 0 A RS, BT . AW 20 G — & JEE N EEW . 5 & 820 Y
R BN R, X TR, — e X R AR AR R X v S R b TR B R
A B AS P X A AR I 25 AR I B (Hu ez al s 2009a, b, 2013), WA SCHLSE T Hi 2 A 40011
PGSR S B — AT R SO b AR AR R R A R, A L 1976 4F FE I Ms7. 8
bR A AR TR, PRST OR AR T Y T R A B AL .

1 AFR-FEERNHNAFZHSRE

AR SORE 3 RR W 2 B I N FUHT R AR R G R R IR AR, WA A ) S B A M
& 25 F b 5= I 3 (Goodman, 1989; Scholz, 2002; Li et al, 2002; Gudmundsson, 2004)4¢
Y aTHfE IR 0 R AR A PR AR IR, U TR K2 S S BRI N R £
TEMAYLME. —BA Ny, W2 BA — & B, W2 2 8 X 2 A (Schulz,
Evans, 20005 Gudmundsson, 2004). W J2 4% & il ZUAL5S AR TE /Y & X, 45 403 XU ] g
HE— RN R N ZE L A KRGO A JE 4 (Chester ez al s 19935 Goddard, Evans,
1995; Caine, Forster, 1999). fil4i, Li % (2002) F] F W7 2 45 PN B9 S 9% 5 5 H 55 [ ¥ o0 4
2 18 (Hector Mine) i 5 I 245 19 JSE Rl 75100 m, K24 F A 4% J& TE 2% £  (Landers)
R T 45 BB (150250 m) i —2F.

AT A R R AR (A O I ) R B B — AN B [RDF . AR ST RO AR 7R X AR R
BEAR T AN . A 3 N ) 3 76 B A 4% 72 0 2 B[R] [ B i A AN B B ] 3028 R AR T 4R
T AN IR SCRR P b R AR R A E Y, AR R AR T )2 B R VR AR U AR R R g
(Savage, Svarc, 1997) filt & (AR5 5 RKAR-THOER M KR, PR SCR R I 2R
AL, CYERARE RIS, RS N BUKE B MRS . R B, JRT IR AR T — AR
MRERE. Horp, JF/RSCRE SRR R A C R (B HETT . 1990) Ny

Sy = 2Ge; + 295 ow = 3Keu @D)
s Sy F e, 430 hy O 107 g ik B RO A8 5 5 e oA e XIS TR) B S5 o F e e 230 R 1
K AN AZ SR S — A Gy K Flg 05 sy Ui . (KB Fah . 5o b,

o — SU "‘%% Oij » €5 — € + %Ek/s&f ’ (2)
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TEIR SCHE s 52 R R AR S R & 1 iR, EEER KA — &K 90 km, JB
200 m Y FREWTE (B 1 P @K 4 fl—264 2.5 km, J& 200 m fy/NR4E (] 1 B (a5
2. IR TR Z A NG EUR X AF 3 H 2 i s AR i 4300 O 63, 73 1 88 GPa,
AR EE 2350 2 0. 40, 0. 40 F1 0. 25. Kf 72 W72 47 A/ N REE RS TR R SCRE AR A4, LR 2
#3785 1. 0X 10" Pass (Zhao et al, 1996; Faulkner et al, 2006; Audet et al, 2009). EEE
R IX 2Z SN SPE S Jo A S PR AR HE RIE A B 209 D 95 GPa 1 0. 25(Zhu, Cai, 20065 Thatcher,
Poliltz, 2008; Chang et al, 2013). NEEHEE R KL o BEAE BT 3252 W7 J2= 00 B 2 B M 1 o 7
ZIfn, E(n SR RNEE (0 X 4 ) 0. 36, 0.40, 0.45 F10.56. LA 4 52 Hdi s J2 b
AR F oK J5 B T+ % 8 € (Zhao et al, 1996; Faulkner et al, 2006; Zhu, Cai, 2006;
Thatcher, Pollitz, 2008; Chang et al, 2013).
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B R E A BT R RN 22,5 GPa [k 0. 225 GPa BB, MM Fr=4 1.6 m [WFHY
. AR IS T2 P AR B B3 BB 25 /N (L e al s 2002) 3 350 % 7 22 B A 032 S 45008
R M 2401 S e (2 40 99 410 Bt OK 56 B (Hlu e al s 2009a. b 2013). EEZ
Jei o 5 R AR R X /N R A (9 B ) 3k E ) i A 5 BN, A BT DR RN 26.1 GPa [ (R =
0.261 GPa KRB KA. KBS E A BAE ERR AT AR, A AR &
FERTIG R &AL SRR R 1AM A

;=84 MPa
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Fig. 1 Conceptual model of earthquake source body with Kelvin viscoelasticity
(a) Material properties and boundary conditions of the model; (b) Partial enlarged
drawing of the main shock source region
Dwe and Dys are the distances in the N—=S and E-W directions, respectively. The roll boundary denotes
sliding in the tangential direction and no displacement in normal direction, respectively. The earthquake
source body is composed of three regions with different material properties marked by the red, yellow
and green. The red rectangular denotes the mainshock source region including mainshock fault and dam-
aged zone, in which the white long line and black short lines mark the mainshock fault core and pre-seis-

mic cracks (foreshocks); the blue marks the host rock region

N T E R AR ARl K B9 1 2 AL . Hou 55 (2009b) %€ SCT — AN TG 44 19 b 7% i [
T C=ln |/ Quo) WAL, AC=C,— Cy s RAR Mo R2 Ml A (9 F5E HEN. b, =, Hl 6, 20501
NANELR DS n (O TE b TR 3 AT R ) e g N EERE R R C WGy 2 B R AR A R
HIJ AR 3t 5% Ml A D9 7. 7R SR FROTEL P, A IROTHIT ) C>1 8 C=1, I FLR K X L6
HITH RAEE R ORI, RS RBENH I CHEBEN 0. MBS TR EREL

2 RBEIZGR

AR SO T 2R SCRh it 3t AR AR R MR BE A B RUREALL 1 1976 4R 1l M 7. 8 KM AR M HAx
R A AL, 18] 2 A3 20l g T A BROTRE LM 21 4 3 5% fid k2 PR 5 C R L R M 7 5
B A% 7 9 IR 23 A ]
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FECHER; WA XKMERMBEMERTF C=0, BREZWNC RETRE
Fig. 2 Temporal and spatial distribution of earthquake triggering factor C

after the mainshock obtained by finite element modeling
(a) In the first month; (b) In the second month; (c¢) In the third month; (d) In the fourth month;
(e) In the sixth month; (f) In the ninth month; (g) In the 36th month; (h) In the 40th month
The region scale is 200 km X200 km. The white color denotes C=1 implies aftershock occurrence; the

red represents closing to Coulomb failure; the blue represents C=0 implies aftershock in the past
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Fig. 3
Ms7. 8 Tangshan earthquake
(a) In the first year; (b) In the second year; (¢) In the third year; (d) In the fourth year;
(e) In the fifth year; () In the sixth year

Star denotes the Tangshan main shock, and the circles denote its aftershocks
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Temporal and spatial distribution of aftershocks (Ms>4.0) for the 1976
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REUHABIEF A (F 2g, . UM TE L E XA 36 NH Z G 8 FRE, AN R84
AN IZEE RS R B AR R AR B0 0 S N ) AR ACFS>0 RIS FRBZ )G
B K45 B (Freed, Lin, 1998, 2001) JE# A —FE.

15 7 R AR A B TR A 0L ) b 7 fih 2 PR 1 (TR 2) 45 R 1 K b 7% 52 P Ax 7% (R 3) Y I 25 43
A7 ELHEAT XS LE AT P B AR GF 1 — B0k 1 7R 1 4% 52 OB I 8] 328 ¥ /) 14 KA
G RAR-TFHOEE.

11 15 4551 IF 1) 25 15 3] A Ml 52 fih & BT~ C=1 B9 R T B8 T A B0 L 25300 T A 2 OB,
A B A TR I A5 1 11 2% R R N ] A AR A an BT Aa B, T LA . RSB R A5 2 1Y
S5 5L 55 1 I oK MR S U0 A5 380 1% 5 MR A EL A AR A — B0k (B 4D, R I BE I ] 2
JE 5 R 5 R AR - E A (Omord, 1894) FY TN 45 S — 4.
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Fig. 4 Predicted aftershock frequency by the conceptual model (a) and observed
aftershock (Ms>4.0) frequency (b) of the 1976 great Tangshan earthquake
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