HOKKAIDO UNIVERSITY

Title RBHMEIE A IAATOMES 525 —DZEHE S & FHEEL
Author (s) g0, f#—; NOGUCHI, Shin-ichi
Citation ibiEE Rk YIBFHRERS, 65, 143-156
Issue Date 2002-03-25
DOI https://doi.org/10. 14943/gbhu, 65. 143
Doc URL https://hdl. handle.net/2115/14309
Type departmental bulletin paper
File Information 65 p143-156. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




LGB K IR B A Fe R
Geophysical Bulletin of Hokkaido University, Sapporo, Japan
No. 65, March 2002, pp. 143—156

RS AAAEDOHES 5 X5 —DEHEHIf & FRIZEIL

Bo fg—
B KBRS
(2002 £ 1 A 11 HZH)

Spatial Clustering and Temporal Variation of Earthquakes
in the Tokai Subduction Zone

Shin-ichi NOGUCHI
National Research Institute for Earth Science and Disaster Prevention

(Received January 11, 2002)

We demonstrate spatial distribution and temporal change of clustering earthquakes in
the Tokai subduction zone during recent 15.6 years, by separating events into clusters and
non-clusters using a simple linking method. We use the box counting method to evaluate
fractal properties and earthquake density of spatial distribution of hypocenters. The
magnitude and frequency relation of clustering events shows the fractal nature. Further the
hypocenter distribution of clustering events reveals that the fractal dimension D in space
measured in the small box ranges is considerably small compared with D in the large box
ranges. As for the temporal change of cumulative energy released by clusters, together with
the temporal changes of the hypocenter density and seismic energy density, we observe an
accelerating tendency of seismic activity with time during the investigated period. These
observations suggest an evolving brittle deformation by the loading at convergent plate
boundaries in the Tokai subduction zone.
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HEE7 L — FEROWHEIR TIZ, 7'V — | DREEESPRMAER E KL 2 BEREF TR
BNTWE, Tk ) LERERIZ, M 25 ERNDEFESAEFLERY, FII2BIT5
HEBEIILE DAL — MR NGO EH TR L 72D EEZ bND, FHIGHBKRICLHE
B D EPERRESMOEN, 77 7 I NVEENEILL Yy, WEBRRE L bic, BABE
SEBy, BREREANCEDC L I ab—ya v R LI ENGEL ST 5 (Bl 21, Main,
1996 ; Ponomarev et al, 1997 ; Bowman et al., 1998 ; {73, 1998 ;. Jaume and Sykes, 1999 ;
Kato and Hirasawa, 1999 ; JI|I& - F{H, 2001). HAFIEfHEOMBEREEIZOWTH, KHER
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B EBE L IC TSR AR LB L €, BREEMNIcENE L THE? X 5—IcF
BL2BRA L ENTES (B2, Mogi, 1990 ; Yoshida et al., 1994 ; A4, 1999).

AR T, TV— FEFRHEIC B TERHMICET TS 7728 — 7V — | &g DR
BRADF D) & LT, KEMBILAAAFENRIC 7 7 A —2 B L T, £DGAERR
M LR %2 SHANCTERE Z 21T 5, ZoNSMRE, HEELSHIECLY Z2ENR
BUuT—=3RohTnwasZ s, SLERESINIHBHERRBOBERRLECI E2b, &
D& RO 7 T A S — DEEF DB RERE(EETH S,

DIFCid, ZEMICERh T 2EE7 A7 —% ) v 7ETHE L, ZOM0OBRE(T 7 725 —)
ENRBE=FFI7 75— HL T, Ry 7 A5 ELZHAWC, 2R 2R 25822
WEREI AN —HELE2HMT 5, LCBRERORBZEEZFANZ LT 5, #iTic
ADBNKEITT— 7 OB # R L THB 2 ).

II. HRBOBET—2I1220WT

*4eis, Fig. 1(a)? 34.6° N~36.5° N, 137.2°E~138.9°E B, Fig. 1(b) N &5 46X
TR EFEHH 150 km, LA 100 km, B3 H17 60 km i A HBEBTH 5. 2 i,
BRWED7 4 ) E M7V — P LARA D 2 HOGBH M Z &0, B KEREEMT R oBE - B
BHISBIEIC &) EBBENL T — 0B 5 T 5, BT, BUEDORBEL 2T o (BB
FHt, 1988) 1z X 0 HiEATEK L 72 1986 4 4 A ~2001 4 10 AR & ¥ 5.

Fig. lic RL7ZZ M~/ =Fa—F Mz1.0 DERIE, HBEEEREL 52 5 BHTE
EH: (Ukawa et al,, 1988) 12, BESZBRE L BNSHEZHEL T (B0, 199), L—F> 0
BRT—2 ERARNECETEHREL LD TH S,

Fig. 2(a) DR ERBENBENM L A5 &, B, HLRUCRS FENRE, di, dy, dz D
BEAA? L, REBOHEIZL 1 km LROREICH 5, Fig. 2b) =7 =Fa2—F M 545
T, 1sM3OPIMEIrEBEZNN 8% E &L, ZoMh b, TN (RHE
NHMERIR M21.5 HKIN2., M BRI DEEN LR (328, 2001) 205, #l
ZIEM=153KEEIOmMMEE M=3.0i3450mEEOWIEIc % 5. Fig. 2(0)I3BE 2 km
FOMEH, Fig. 2(d) 128 2 km BN M DEKRENSFAFERL TWD, BE 17km §ifEo E
Bo—F T7v—PHENE OKknFIENTE 74NV EV TV~ MIHBEREO Y74
L%, BICHRI 0 km BN~ 713, EHEIMBENEE L 7 7 X 5 —DFG5HAE W, Fig.
2() DB N M DEARESHEAD L, 2HRICHEZ 30~40km i2 M DBRIFH 5, 2D L)
T M B3I, 7v— FEAHEBICESLOBENTH 7V — b NDEES A, £/27v— M3
TSI Ay TN TOME e REEL T LIS NS,

UEnLHic, M8Bo M21.5 3Rt (BRBENECHBFEIZE 1 km DINORE %
FoTwbd, FRREBRMIELZDT, UT, HEBILTM21520THENT2ZL
275,
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Fig.1. Hypocenter distribution of 11405 earthquakes with M =1.0 and

depth=60km in the Tokai district for the period from April 1986 to
October 2000. (a) Epicentral distribution. (b) A 3-D view of hypocenters
projected onto horizontal, EW and NS cross sections.
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(a) Histogram of hypocenter errors (d¢: origin time error in second;

dx, dy, dz: errors in EW, NS and vertical directions in km, respectively).
(b) Magnitude-frequency distribution. Crosses and open circles are the
frequency and cumulative frequency of M at 0.1 intervals, respectively. &
value obtained for M =1.5 is 0.89. (c¢) Histogram of focal depth at 2km
intervals. (d) Distribution of maximum magnitude at each focal depth.
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M. VooFIt&395R9—LFEISRI—DDEEE
REDT - REDS O

G 75 A —MEEFHBT 5720, T2 T, Yy oiEick), BESBHICERTL4E
Bz ITRELTRIBL, REBLOBREZERBTLITALIT) XaeHWsZ Lic$ 5, Fig.
3IcZz DERN %R,

27, HHBREZPIICERE R Wic NIEL LB H 28846, L2077 25—
" L(Fig. 3 1), kic, EHEINEBFEZH.0IICHERE R DRI N2 BULOMErH S & 5, b
SN TAF—LERET S (Fig. 3011, 8bIcZ0fEd N2EAU eI & LIZ TS
FTHET (Fig. 3lI), Zhick DV ERKEINE 7T X5 —IF, T A—F R, NIBXU N2
DMABEITKET 5, 2, NBEBOWMY) HR7— 2%, BREFELEEOHEE M 0&H, B
BORBESFICL->TY, HENE7 TR —DERAREEDELSL, ZZCREfiNT—2ic
DWTRY pRAES S, R=1.5km, NI=5, N2=3I2D0WITERSNFITRAI—%
BTzt 5,

Fig. 4(@)id, 20k e L THHENZ 7 TR —DMBE N=3206fE&, 7 7 25—k
75 ALY —HE N=3937THHEMSHERL TS, 77 A5 —O%Kl: Ne=142T, N5 b
FANHNDIF N=525MOMBED» LW H/MI N=5ETH 5, 7250 WU LENMBEL L5
7RI —E Ne=15MBThHo72, 77RF—EFET TR —DGAFOENZIHLPT, 752
F—@3m 7L — FARREERICE E D, NRBEICIEZ T2 5 —HEIREL 3RTHICELITY 7

m

Fig.3. A schematic figure showing the link method used to divide
earthquakes into cluster and non-cluster events. Earthquakes
within a distance R and containing NI events and over are
selected as the first cluster (I). Other earthquakes within the
distance R and containing N2 events and over are added to the
previous clustes (II). The same procedure is repeated, and so on
(1m).
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V— R E KL T 5,

D& ) wEMGAANE N E & B2, Fig 4ONTRL 2 M DEESAYL, WENBRVERL
Twd, 77A8—, M=5.TDHEKRMEEZIZILD M 4,5 7 F7AOHEKHKE LHEL 24,
M DR G TERONBESMIIERNTH 2, T4bb M DEVCHEEATT 57 7 VEER
§. —F, FITAI—IRR M=4.5T, FHOBIEIEEKICRLRMERKERL TS, 0z
HM=1.5¢ Mz3.0%56KD7: bEIL, 7T 25 —nBA Fig. 4b)AROKBDEN & 5
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Fig.4. (a) Spatial distribution, (b) magnitude-frequency relations, and (c) the result of
the box counting method, are shown for clusters and other non-cluster events,
respectively. In Fig. 4 (c) the number of boxes Nb which include earthquakes are
plotted as functions of the box length L (km). In this figure the slope of two
straight lines corresponds to the fractal dimension D=1 and D =2, respectively.
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V. #BA2ECKRY I AOBELRE

BROZEESHORE MY 52002, Bz, FE (1999, $£9E) B2 OFEIEN
INTwE, ZZTlE, FiBiD I I7AF—E,IF T TRE—DGH /38— DFEE L E %, Ky
7 REHEE R A UENTT 5. Ky 7 AFHGETR, NRE8%2H 28R L o ARICHEIL T,
WEEEUKRY 7 ADE N 282, L #E27%h 6 Nb #58 L (HENBEREZFHNL. MED
%% logl & logNb #ERNERICHE L E, ZOEE»L 7T 72 NVKTE (BRRKRT) KD
LNd, B5I, BB LIENTENb»L, UTOL)ICEBE2EL Ry 7 ADKREE & BAE

Bpa

Fig.5. Spatial distributions of Nb cubic boxes, which include
one or more earthquakes, are shown for two different boxes
with side length L =10km and 2km, respectively. Though the
total number of included earthquakes is same, the total
volume of 10km boxes are 43 times as large as the total
volume of 1km boxes.
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HOLEMER, ThbbHEREErERINS.

RAalc, Fig. 588 2 EMNOBESHICOWT, BEL=10km & 2 km DKy 72T
SEL2rE, MEZEURy 7 ADEEGMER LT, MBEHEPFLTY, LavhEwiiltn
B a5 FRIIFBLL, MEOBCWEMIBT I L vbh 5, HBZZLRY 7 A0 ND &,
WA V=NbXL*» 5, L=10km Ti¥ V=2.1X10°km?, L=2 km Tix V=4.8X10* km?
L h, Ik, NBRESEKIINTAEETAS L, L=10 km OREHEIL 23% TH 5755, L=2
km TIEE20.54% % 5H BB E v, i, BEMEBOMEBER T obbEBERERICET
&, L=2km?DEFH»RL=10km £ ) 43fFKE W &ick 3.

CHDEI Ry 7 AFEEICLED, Fig 4@NIIFTAI— R I TAI—Iz DT, L & Nb
DBRF TR AER % Fig. 4(0)R Y. L, HEBORKNOE & 150 km & /Mt L=0.8
kmBBEFC, MELETLyEHBICE L )ICRo72, ZHEHICLTHLNS L & Nb Wil
¥ ETERBERICH B EE, CRERELT,

Nb=C/L" ()

TEINE, ZNDEE, WM EOHED 275 7 2 WVKTG (FRBKT) Thbd (& 2IE,
Turcotte, 1997).

Fig. 4} 9 b, ERND 7 T 25 —i3%ia L=15km Ritg % Bic, WEHPRL 532 DNEH
et o, #NLDEEIIH D=1.1 & D=1.9BEICk 3. 77 A5 —DZOFRHIcOW
TRBTHERTHZEI2T S, —H, Fig. 4QARNDIET 7 2 5 —D454 Tid, &ERICERBE
BFasNew, 2055 LAVKEWHOBRAHEIIBEROAES 2RT. Zcxl LiskE%k
HoBAE, B 21 B ERII T L=15~80km 0 D=2 4 BENKE flid, BIRO KRS
HERBLIZDLDTH B,

ZZT, BESHHEHEY EHLIEE V (km?) & EEEE oo H/km?) 2, Hb2BERL®
Ry 7 A& REZ5— N ELTERLTEZ ). Fig. 5Dk 51z L AV W K ZBE5H D518
REIZW9 25, ZZTIRED B ) BESKES M 54 (Fig. 2(b)) #FEICANTL=1km %
HEEIIWMBLZLIZT S, 2ok, BEIFLGHLIAER VT,

V=NbxL? (2)

2L L=1kmTha UT, FELZD V 2HEERMEPLI LTS, VICEINLIHE
¥E NEET DL EFLMBEREE o 3,

LEFEEND. Fig. 4D 7725 —EIE7 TR —EKICBEAT L E, FNFI 0n=1.938/
km?, pn=1.05f8/km?& % 5, TN SIIFHETH 55, BT L A BEDEBEWEIRKIZ 7T A9 —
HEIZDWTBHDTKREC, Yo & bEUHTTIE on(max) =96 fB/km* & 4 5. —F, 7T 2
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I — DA FEIT pn(max) = 3H/km® Th 5,

V. 25329 —t¥EIS5R5—HEEHORMEL

Bllk, 7725—C7 525 —WRICHBEL T, =, BEESH, FrRy 7 XFH0E
2 & AEESARLHBHEE LA, MAEMCEELEVWIRWHEINL, 2T, BEERIC
AbL, MEDBUWHERIIENL IIRELLTHBTHS ),

Fig. 6(a)~ (@3, 7972 7—E,FI7T725—2DWT, =/ =F2—F—BH (M-t X,
WEBDRBER SN, FMBEBRIANVXY—-3Es, TLTEBLLHMEFHE IV 220%0
RLTCv5%, Fig 6(a)d M—t Bicid, M & HEE— 4> F OEREIR (72 & 21E, 528, 2001)
L OBHET -2 F2Mo (N'm) LE2— AV ol =Fa—F Mw, 2ok
KBNS =Fa2—F M, 2 RL7:. 772 2—D M,=5.713 1997 4% 3 A 16 H »FHELHER
T, BETkmicRHELL, BMEHET— 4> MI ZMo=8.57X10"N-m &% 1), Mw=>5.89
DHBICHLT B, —K, 7 7 R F—RAHEIX M,;=4.5 T, ZMo=5.0X10"* N-m, Mw=
5.07 TH 5. Fig. 6(c) DHMBHE A NX¥—FEs (J) i3, ERLTROLMEE— 2> b &y
BILR (i, 2001) 2 5#E L 72, Fig. 6(d) 2V i3, Fiffink5ic L=1 kmaRy 7 2 TE
BLHBEFBORBEMNTH D, 2hd b, FHOMBEZINVX —FBE 0.=2Es/ZV &K
BHDE, 7T7AF—F pe=1.1X10°J/km?, 7 T2~ po=1.5X10°J/km® &+ % 5,

7 7 A8 —DEEZE{LCIZ, Fig. 6(@) D M —t X» 6, M OB, Fig. 6(c) DXEs 75,
1990 AL b DR E LHBEBITFE D AT » 7HIREIN & £ER0RRMEFMER P RO NS, F
7z, Fig. 6(Q)» 2V o&fb&#L, 772 8—DHHEI TAZ—-L WHLNREL, 75728 —D
S BRI TR ) B LT, MRNICIES I A7 — iR L Hi kR THOREENG
S, DEVWERL TS, HBEETERYy 724220 L=1kmIDIRE(WMBE (& 2iE
Fig. 50 L=10km) 2V (4B S WELTRIET 5 75%, HMBEHIH 2 —EHL L 2% T
BB R Y 7 AROREREN LA B 720, DV 13452 28T 2580 H 5.

Kiz, Fig. 7(a) & Fig. 7(b) 13, 77 A5 — L7 7 A —ZENFN—EHNOHERFIC, HEHR
T o0 & LEEOHBER T A NX—RE 0. DX HE KD, £NRBEFEHERLIZLHTH S, Fig.
T@QDETTRAI—D 0y FBHTEEL TWBD, 7T AF—D p, FEEKE W, HHiC,
1995, 1996 SEEHZHEIZ 7 T R F—D o 13BAb I — > &R, B 2001 442 1.7 f/km® %8
ZBE—7RFOIENREINDS, 72, Fig. TO)D 7 7R —DHEBER TR ILX—EE 0o D
Ziciy, 2HREORMEE & iceke L (RN AEE I EbNL T 5,

VL. &% - 28

Hifi & TOERLBITRRICOWT, 22/ - FEEMRI TAv, 27, BIVENKy 7
AFHEERIC & BT TIE, 77 A7 —I2DWT, BRL=15kmBBELRICLTD FREL277
7 g NEEN A LN (Fig. 4(0) k). Zhid, Brn7 7 A7 —5AnFHEREE, &7 7 A
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(a) ©
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Fig.6. (a) M-t plot, (b) cumulative number of earthquakes, (c) cumulative seis-
mic energy (J) calculated from M, and (d) cumulative volume (km?) occupied
by earthquakes, for cluster and non-cluster events, respectively.
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Fig.7. Temporal change of hypocenter density o, (a), and energy density . (b),
for cluster and non-cluster events, respectively.

F—NOBEBESAHEL L UERFEE LML 20 EEZ bitb, DF 0, LIKREWHH
TOMMEINCKREL D37 7R —EEIFMHNEICIABN L &, —F, LHI/PNEVFFTHNE
wDIE, 772 —%BRT 2 BENEN - FROBIUEM L, FREMEEI I LnI tOR
pitEz LNns. ZHICBEL T, Robertsonetal. (1995) I2Xk 34 ) 74 V=T DHWEDEN
T3, NRBOEBES L WIE D HAKREL, TREBEOBEFRVIZIE D A/ RE R
RO, ABUTREREANT 2. 40 > 7ETIY B L2 Ne=142EN7 725 —ND% %
HREDEOMED LHEDT, LHI/NEEFITO/NRY DL, T— 38D hnizdeEZL
nay5, BESORMICRIER L % 57 RHEIC OV TLS BRI ORI H 5. —F, %
DHEPLRD I TAI—DDBBERKIIBEL LS. b, HRBBOVWHLOW LMENHE
I3, SRicEEEE D BEENSL, Hrn 7252 9—n D3 1.5~1.98KICH 5 (Fn0,
2001),

Kiz, BIVEITRO 1 FHMBR I AN —FBE 0. DHEBRET L TA S, 013, L=1 km D
Ry 7 ADHBEEE M » 5BE L 2 REHBER ANV -2 LRD, 7725 —DEE, .=
1.1X10% J/km?® #5155 072, FEH (1956) DHBEERIC L 2 &, MBWEDOV T ADRA,
HEOFRMCTE 5T 1074~2X107 DFEHEICH D, BLowlEERs 5.2 3 &, BAMEBROEAFIC
T LN ABARVTAIRLT L, 3X100~2X10%erg(/em®) TH 5, ZHUTBfI 2 5 &,
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3X101M~2x10"2 J/km® & %D, LR 0 KR 1M~ 2HRkE W, 2ROV TUTOBERIFH
Zond, 7, ke %, L=1km LD /P2 LRy 222D TRDBH, g7
BTN E VB 77 A5 —DAZHML T oo 2 RKOZEA, LD oo LV KELBEHIRS
na, —%, WMiBROKF»E#D L L VHEKREVIEERR, MEREEDLS) DHEEHE I
DHEEEEEZ LI, ZOBED 0 ZLERDEL O NEL B, T2, ROBERIEZ LB,
TbbBRIANX—FEs CHBER L GBROTALRANX—E DN TH EHEBEDRE 7=
Es/E D R&EEThH5H, BEDFT, 7 [ZFEBRN-FERIC L )+ — 5 —8NC R % 5 [LHHOELTF
LI, ZOEMEZRMED DIZEL W EE, 1999). Ler->T, SNonZexiadsE, L
N7 T A —&RDHBER LA NK—BE o NP, BUAHORKUVTHAZANT— &
HRFBETHRZL LRI L2489,

Bikiz, 7927 —IconT, Fig. 6(a) M—t X, Fig. 6(b)» 2N, Fig. 6(c)» JEs, F
7z Fig. 79 o & 0o DEFEZEALIL, 7'V — FEFEEONfRIc B W T, EEOBEREHINE
BRI EMERBL Tw b I 2 RTbDTE L WIEAL )2, knk iz, 77 R
F—DEAMEINTHEI A6 B M 5.7 ZHEIGRWZA T 7HHETHEDT, ZOHEZR
W Fig. 6(c)% Fig. 7 D&M #8ked 3 &, 7L — FEFREEOREIRE & = 2 VX — 2 FH
BB AMEIICH 5 Z LK VBB TH 5. T (2001 b) i, HoHET 5 RMEHISE R (1
R, 2001 a)lcDWT, MEE— A > MEREZHBTETIVHRE L TIO, WO TGREWIFERD
Time-to-Failure (Varnes, 1989) ##E L T2 5. 72 GPSEHEEY &, 2001 I IEA#FHE
B E L TIER & B 2 BB Bl S, JEMEN 7L — B P HEEI N Tw B Uk
R, 2001). 2ok 9 ZiEBNZALIL, BEERAICES Y I av—va ¥ RT 7V —F
FIRHERT DO FBATIE D 7'V — P NI /13544t (Kato and Hirasawa, 1999) & FFIMTH 5.

VIL % & &

FiBomE, (Fig. 1) 20802, 1986 F 4 H~2001 4 10 Ho M 21.5 D HEEIREED
BWHET— 45, ZEMICELEBERE=725—%) > 7BENTALITY ZATRYHL, *
OMDIE7 TR —HE LS CBNEEL ML, 22 TRENE2 20, SHOWE
DPORBBRANDKREL ) TRI—DT T 7 IINKTGD & bEOBFR, HEREESZANX—
WE L OMBE, FNL0ORMEERFNEZ L7V — | DEBELEES L THERKE Y, K
DELKRIBLUTOLI St rHbN 5,

1) 77 A5 —HBOEMSHIIBHARICER L THMT 5%, 7T R7—BIEIRIECELIE
DRECTRTL— I 77253 SRIML AT 7R E T 5,

2) M OBEESHTIE, 7725 —I3 M DEFEHTHEIZIIT—ENT 77 INEERT
2, 77 A —FERITNRD M SAiEIRT.

3) Ry 7 Xt b, 7725 —-HWENEMSAIT Ky 7 AR L=15kmfhi 28777
FNWKTG D R bREEETRT, —K, I T X5 —DZRSHITIT LI A — WARTF D A
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Lils.
4) M P o8 2 NBRBOSHMOBAMEET—~ 2> ML, 77 27— ZMo=8.57x10"
N-m, Mw=5.89 n#E 1BICHLETS. #7727 —i2 ZXMo=5.0X10"* N-m T Mw=5.07
e A
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