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A Simulation of Space-time Distribution of Great
Earthquakes in an Island Arc System

By Kentaro NARIGASAWA
Department of Geophysics, Faculty of Science, Hokkaido University
(Received May 13, 1972)

Studies by Moct and others have indicated the following characteristics of the
occurrence of great shallow earthquakes. (1) The aftershock areas, i.e. the souce re-
gions of great earthquakes during the last thirty-four years in the northwestern part
of the circum-Pacific seismic belt did not overlap each other. (2) The borders of the
aftershock areas of great earthquakes coinside with structural discontinuities, such as
faults, ridges, and trenches. (3) In a long time interval, the great earthquakes occurred
repeatedly in the same source region. (4) The great earthquakes of the Alaska-Aleutian
zone tend to migrate from east to west. It seems that there are interactions between
adjacent source regions.

The present auther proposes a mechanical model with some stochastic properties to
simulate these characteristics of great earthquakes. The mechanical model developed
with the plate tectonics in mind consists of springs, blocks, and a plate. Each block
is in frictional contact with the plate and is connected to a fixed block with a spring.
The adjoining blocks are also connected with springs. A continuous movement of
the plate causes strain accumulation in each spring untill a slip takes place in the
block-spring system. At the time of the slip, the strain in the spring vanishes. A rela-
tion between the probability of slip and the strain or stress of the spring is assumed on
the basis of the results from experimental studies of fracture in some brittle materials.
The behavior of the model is computed numerically by the Monte Carlo method.

This model simulates fairly well the space-time distribution of great earthquakes in
the Hokkaido-South Kurile region. As a result of the simulation, the probablity of the
occurrence of a great earthquake in the seismic activity gap off eastern Hokkaido has
been obtained. The increased probability due to the interaction of the adjoining blocks

has been indicated.
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Bl HEOBCRE TS M8HOKMBORENEMMNSHOEEE LT, TORALEDOH
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Mocr (1968 a) 12 % 30 RO KMBO KB ILBEHRIIE LT v FAv 7 - B - H 4
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HRNT WD, 7 IZAN~BADORINCOWTIR, BREENSECEND Z Ll 55 EE
I DB A & MBS EIE LCHAE Lie s EAER I TW5 (Moct (1968 b), KELLEHER
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ORENDIKIIECHBLE S &7 0 o 2F 05T T5 & Moot (1968 ¢, 1969) (2l
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Wi, WMEdE, HEEORPERCEERKBEBR OV TIIE < LR S b 100 4t
WL 200 EofIfECAMEL FE LC\b. Tablel i3 HEHEENS - O Ici X 7= M8 %
DORIMEXENE LcbDTHS. 1099 F g E QMBI H (1968) 12 X » T M8 fhD K
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DEYGE & B b 100 £ 5 150 £ O IFF TRIESTE LT 5.
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Table 1. Large earthquakes in southeast Japan.

Time interval | Nankaido Tonankai Tokaido Time interval
ear ear
Y 684 Y
203
887
212
1099 1096
262
1361
244
1498
113
1605 — 1605
102 102
— 1707 —
147 147
1854 — 1854
92
1946 1944
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Fig. 1a). Schematic representation of the data on large earthquakes in the
Hokkaido-South Kurile seismic zone, after UTSU (1972).

b). Time-space representation of epicenters (circles) and aftershock
zones (lines) of large earthquakes in the Alaska-Aleutian seismic
zone, after MOGI (1968 b).
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055 = KeVs/Li+ ki-1(ye-1—ya)lla-1+ ka1 —yo)/ls (1)

L, oy KEL LD IEC-IARED ENZFKBIEORI LB ER DL TS,

2. FRy I BBz EECITIAER

TR DIER X\ 5 F 2 HIC X 5 ERAE OGN I1T Moc1 (1962), Utsu (1970) 72 i X » THT
b TR HUTOERIZhbITd &L5<.

B: WZFDNN 045 Lico THhOHERAMM L 2 TR HIIELT, t b t+dt ORI
DR BHERY q)dt LT, t PR ) ESHER PO RO L S5 EbEIh5.

P@=Sq@dL (2)

Fio p(t) i b OEBBHER LTI,

q(t)=P() p(0) (3)
LEbshs QRIY

gt)=—dP@)/dt . (4)
PRI

¢ dt = — dP(O/P) = — dfin P} . S (5)
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Lichs T
P@=em{—£m@w} (6)
9t = u@yexp |~ n ar} (7)

2O BEABEEEROBRLENLADISCEL6RT WS
uty=Ae” (8)
TZTA BRERTHS.
0 VI P 23T o TR EL B HBREAR L L > T3 H, WET oy B BT
271 045 1%, 05 oo ThH DB B FRZL Lisw & T,
ey = Aebis (9)
q(t) = payerist | \ (10)
g5 Wiz o TEMA 4t B & TORicc b 258 2 TR 1T

JNWQ:qu@dtzl—eﬂwn (1)
Eilnh.

ZDXOSRLTEHT P w2 B BT By V%T 5 D 045 Wi o TLURM/N KR 4t D
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DX obrb L5 e BINF K IARBHEBEO 7o 9y 2 ERELTOENF K
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DEED. TOXIBEBEEABERNBE LT AV IEILERNTH 5.
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H b LI TRVl Te v 2 BT ROWTHE LD, ZhZE R k=0 Th
DFRLDTH g INRFELNNRI A= "> TWHBHELRALTHSD. ZOBEICIWTE
B g (1972) MR RTu 5,

MRERBTV; ECSDRVEEML L TRPE AT v THDLEBDOEMLTH DN D,
SNk tHFEEDI I L ERENZNEV,; = Ve ThbB. Thbbo IEREEIL—F
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¢, Dy=pK;VIL; & 0%
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pt)=Aef; = A el (13)

©), (MK W) RERATH L EhFh

Pl = exp {5 (1-e200) (14)
q(t)= A eP* exp { g (1— e"’«l’)} (15)
L s %.
RZHERE O bt ZTOREERY P L+hid
P{t)=1-P(z)
=1-—exp [% (1—e"z")} (16)
Ll 5.
AL E L AE PO=g ThEM D, 16)REIT 1=F & LT
A =(—D;1n 2)/(1 — ePé) a7
w85 LoT
(1—eP)
P()=1—exp {— (1_2%5) In 2} (18)
&7 B,

CRED DiE w85 4 =2 & LTS5 7% & Fig. 3 L7t 5.
CZCFig ViR Licdelgsl - BT B OKFHEORMBEORLE LSS &, 1968 F+HHoD
I T 93 4, 112 £ ORIRE T, 1952 4+ B O K T3 109 SE DR TRIMBAHE - T
1

P(t)
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t/1

. - . (1—eP?)
Fig. 3. The graph of P()=1—exp {—- (1—e?h In2

for various values of DI
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Fig. 4. Comparison between the cumulative frequency of time
intervals of large earthquakes in each region for the
data shown in Fig. 1a) and the curves in Fig. 3.
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AN b t/E PE LSBT H5HRERTOCT DERPNZIETRNETTHS. ZOfF
oWk V ek %,

4. NS5 A—-FCHEAHIE

FX5 A= R IR OER G L 1.
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1754 FCoFRELERLTRRT.

a) INTDT 8y BiiwowT A, B, Koy kiy Lo, Ly yo %52 B (ya (34T ye=Ls &
B, Bredtdil c TEOBRCIHbED LEER TRy VXV RERLERXF25)

b) R PEVIEF (ThbblRXFy ) DD B OfiBiZ ye— Vi L VB VL &
5.

c) MR IV B oy HEHELO), AKX h Ply) #EET 5.

d) —HHE Ra % Ploa) LHEEL, RuSP0) icbiEFD 7w o 2 FS i #30KT 5.
e) Ru=Ploa) DL DRDWTDETDAT v THEELBL, va=va EBEEEBT.
f) HPA2VETEDD (Thbbbicd&s) ToLEzixRL WLk T oy
DB 2VI/L; Lish, chRE LT Ty 2 VL, b7d mhxiglicd e v o O
Do7w oo ~ORER(1)RDE2, FI3HEE LML,

V. YE,0=varv

1. XSA=HF ECDNT

TRUDTE y Z7DNRS 2 =234 LED, 1070 5 7%2000 25 v FELLTELR
RO BLFig bW 2hoflamd. o TlRIn s b7o o 2RBHELTLE/ %
ki DEBRADZENTEDR, HRCITTN R EEF N2 OMUEER DL /K 5. T
RCODTI w7 DONRTA—LFHENL b Thdhb, 7TuyrFESEERDLT ELITHEK
T+ 5.

Fig.5a T2 A/K 230, 1/10, 1/2, 1 $ XL B Lo To D CTORM 2 (X5 » )
DO HEAFRAE E, FIHME L, EHEREE S. D. L b /S RAEANZ DR, Thbb kK
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Fig. 5a). Distribution of time intervals between
events for various values of £/K.
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Table 2. Input data for the simulation of the time distribution
of large earthquakes in the Hokkaido-South Kurile zone
and the output of the simulator.

Input Output

BK Df 3 13 S. D.

0 3.0 95.0 steps 91.6 steps 33.2 steps
1/20 2.9 95.0 91.1 324
1/10 25 94.5 90.9 317
1/5 2.0 87.0 85.6 33.3
1/2 17 94.0 91.7 334

1 15 93.0 90.1 319

78 £ x5 cm/4 +10"cm = 3.9 x 1078
DEHE L DTV 5.

VEial—2-=BEM LT L, RIKRERELXL-NLIBHDO I vy o BRI %
RTHEENIKEL, BIEONZVWLAFHO T 0 o 7y IBRBICTBEAIE . Fig.6ix%r0
—BITHB.

YT al—va BV TIEFig 6 LRABEDZ LRFA—/¥5 A — &2 400 [5~600 [5]
HHEL, Fig. 6 CTERIND T L t ONHiERAIe ¢ DHMLEL O ORED LT 2 T
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NO. I |
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2 | | .
3| T—k t 3

4 | |

5 | |

6 |

7 1 1 1 | 1 1 J

1900 950 0 50 100 750 Steps.

Fig. 6. An example of outputs when each block has different strain at
the start. Definition of 7 and ¢ is indicated in the figure.

AF o7 (F) BRzVPEZ»ERL, T OJMITT CRRENEREIRTVDLEE, HEM
AR5 9P () Bz W RS h R Fig. 713 AK=00 L xR T T L0t DN,
t DBRBEESFLR LTS, S DE=3, I=934¢ Lt (18 Xh bt EIh 5 2K
FERD LA LIz ¢t OB, ¢ BT840 LD & 04t (TICHiET5) Ths (Fig. 4 B8).
t OGMTIEFCRLS~FK LTS TixxhigE—FLTwigw,

Fig. 81212 &/K =1/20, 1/10, 1/5, 1/2, 1 DR %R3. Table2 D/¢35 x — # % {fi 5T\ 5
DT, tOHNFTEK=0DLELAFECFig. 41t —~FKLTC\%. o TER LELVOIR
RIK Ot s T O HOETHS. L Fig.6 O X 5 & ET T k/K 23k

n
100
k.
k=0 T
n
50 7 1
_ A
i 0.5
c 50 100 Bt 0 1 Ul 2

Fig. 7. Left: Distribution of 7 and 2
Right: Cumulative frequency of ¢

T and ¢ are defined in Fig. 6. Full lines indicate computer output.
Broken lines correspond to the curve in Fig. 3. Df=3.
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Fig. 8. Probability that 7 falls in each time interval and distribution of z for
various 4/K. For full and broken lines, see the caption for Figure 7.
EL B 2R T T DHTHIPECTNTEH>TLKDHIEERLTVWSD Wbz il E

BE DT L TWAH T EERF LT V5.

1Ci~7c X SwdeigiE - BT B 0EB Tt kK
R 110~12MEELZBNABDT, E3 70 v 7 CHIETAHEHRTCIE EH/K=0 CFHIN2
IDIMB/ELIERAG -T2 EBbh%. Table3 1w T 205510 257 v 7 (4)
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Table 3. Variation of probabilities that T (defined in Fig. 6)
falls in the time interval from 0 to 10 steps and
from 0 to 30 steps for different values of £/K.

k/K 0~10steps (yr.) 0~30steps (yr.)
0 0.13 0.44

1/20 0.17 0.54

1/10 0.19 0.55

1/5 0.22 0.60

1/2 0.27 0.68
1 0.36 0.78

ORI ADIERE, 01530 25 o F (6E) OB ABHREY 1T,

VI. & & H &

RESEE 5 % Bl C ST & Y0 O RN F64 5 M 8 00 B R % P 7 i D M B T
BLoTal—bFao EnCER BT, BOA > KHEEEOREER & LT
NE R LR, AMBEROBH LS BEEY oL — L, FLtOR] »HETE
BRI AN Fe . LU e B A DR ORER AN+ 5 B & B B s L.

U LSS X - 2 OYBETERMTORY S, T FALICEE LT O M M E

Talb—2 =, LTEAELEALE . ChDIXSBEOMIIC EDIEniTkuv.

AP B O RIAEIRE O TR e F R A EE e LEdE . it E
WEKFRBEH AL > % — FACOM 230-60 17 X » 7.
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