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Abstract

We examined earthquake clusters using a linking method for 31,672 earthquakes occurring in central Honshu
(34.5-38.5°N, 136.0-141.0°E) in the last five years with depth<20km and M >1.0. Pairs of earthquakes were
linked or unlinked through conditions based on origin time difference d¢ (day) and hypocentral distance ds (km).
It is reasonable to assume that the link-conditions of many small and large earthquakes depend on magnitude M,
so we used forms of df (M) and ds (M) as the function of M and extracted clusters for seven different
link-conditions. We then compared and studied the resulting differences in extracted clusters and independent
earthquakes for seven cases. The largest cluster during the study period was extracted from remarkable
aftershocks of the 2004 Mid Niigata Prefecture earthquake A6.8. Results showed that the number of
cluster-constituent events and the duration of cluster activity depend strongly on the link-condition. Judging
from the stationary seismicity of independent earthquakes after declustering, we found a relatively stable

link-condition overall to be ds<10%>185 for A>5.1, ds<5km for M<5.1 and dt<3 days independent of M.
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Fig. 1 Epicenter distributions (depth 0-40km) and hypocenters projected onto the four EW and NS cross-sections

for earthquakes in rectangles A to D. Blue symbols: foci with a depth of <20km and M >1. Magenta symbols:
foci with a depth of >20km or with ~1<M/<1. Red triangles: active volcanoes. Arrows in sections B and C

indicate the low-frequency earthquakes occurring above hypocenters of the Philippine Sea slab in Tokai area.
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Fig.2 (a) Frequency-magnitude distribution of earthquakes from July 1, 2001 through July 31, 2006, with depth <20 km.

We restrict analysis for 31,672 earthquakes with M>1.0. (b) Time variation in earthquake frequency for each

of 30 days (N-t diagram: see Fig. 5). (c) Histograms and modes of origin time errors 0¢ (s), longitude errors

Ox (km), latitude errors &y (km), and depth 0z errors (km). Depth-fixed events are omitted in the dz histogram.
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M=3 T3 ds<045km & MIT¥WF B > 7 SEHE ds |38
DTHINETHD. L&, L2F THEREFT 5O
HEDOFEE (Y2 (0)) W [EYE, £/2Y3 @ O
N(T~T+AT, R~R+AR) D 5™ ™08 &N 5, D ds(M)
DOfel3) > /& EELTHRELTRW, £2T, ZZ T3,
HBHEMEXD 'J\éf;%‘*féf'ﬂi ds=— & LT, ds D5 "
dspin 28 Y 5. ZDdsyniCHFRTEMEMET D L,
U2 OEEE, MiAwas M2l -2 0 TR TR ans.

ds <dsp, (M<M), ds<10""'"% (M>M) (8)
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WHKD N,=31,672 h D2z, 29 0 3),
12 ds (km) & dt (day) &5 %,
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®), DY IXEFTHEFLEBLDEED. U
‘J/b%%tk@f%bl?%#ba"\f: N:Y T

f*ﬂ%ﬁ’?, N, : 3= ‘/7%%&'(, Ne: VIR =¥k, Nou: T TAFY 2 THDE S ?ﬂ’fﬁ%i’? (Nw=N+N,).
Table 1 Summary of the N, =31,672 earthquakes in the target area examined by linking method using conditions (3), (8) and

(9) in the text. Results are shown for seven cases (Cases1 to 7) in descending number of linked events giving

different conditions of distance ds (km) and time difference dt (day). N;: number of linked events, N, : number of

unlinked events, N.: number of clusters, N,, : number of independent events after declustering (N,=N,+N.).

20010701-20060731, M>1.0, dep <20 km, 34.5- 385N, 136.0-141.0°E, N,=31,672

Case ds (km) dt (day) Ny NN, ) N, NN, ) No No/N, O Ny N/ Ny G\ N /Ny No/ Ny ()

1 ds<10 (M<5.7), ds<10%°¥718 (1155 7) at<5 24221| 765 7451| 235 2537 80 9988| 315 746 | 254

2 ds<5 (M<5.1) , ds<10%%7 7185 (4r>51) at<3 20848| 65.8| 10824 342| 2500, 79| 13324| 42.1 812 | 188

3 ds<3 dt<2 18455 583| 13217| 41.7| 2512| 79| 15729| 497 840 | 16.0

4 ds<3 (M<4.7), ds<10%°M '8 (p5a7) | ge<10%94710 17818| 56.3| 13854| 437 1790| 57| 15644 494 886 | 114

5 ds<3 (M<4.7), ds<10%°M7185 (arsa7) | o<10%%”7'% | 15452 488| 16220 51.2| 1708 54| 17928 56.6 95| 95

6 ds<2 (M<4.3), ds<10 **¥7185 (1154 3) dr<10%°¥71% | 15023| 47.4| 16649| 526 1581 50| 18230, 576 913| 87

7 ds<1 (M<3.7), ds<10%¥7185 (11>37) de<10%°M71% | 14022 443 17650 55.7| 1310 441 18960( 59.9 93.1 6.9
,LL"T HIZVW LT, EQOXD R dspn & M; OFE N7 @?—‘*?;’ih ¥ 24— )M, wdDF—% & Case2,3,6 D

EMMETORSNTIE RN, NS5Oy LRfEOaHT &
TEMM2ROL IOV EDTHD. DD I TII,
dsy=1, 2, 3, 5, 10km 25 X T TRFTH. Z
N5 D dsy, W5 ML, M =37, 43, 47, 5.1,
57 Ths.
if:, iRa T 2RRE O di(M) O E LT,
Sldds & UHE 2R WT,

dtSIOO.SM-l.S (9)

=R Wiz, A, M=2 T3 di<03day, M=3 Tld
dt<lday &73%.

dFoE51ILT, UXIEEB), (8), DIKED
WT, ZZTR7TAVOXEZEFTLT, 3.1 fFOF"E
D~ TE RV IAY—%FERLE. TIN5 DA%
Casel~Case7 &L T# 1IZA9. Z®9 T Casel~3 %
dt DEFEELT M IZEHT di<- TlRELESS,
CasedZ (NHAZH>LEATA<10P"LLESRETH
5. 1T AL Casel 1d, HHBFENWY > 7ELITDODN
Tojigh &L, TOZE Y T 2EENETTAT —
DE N H %<, k3T E2ERE N, EFU IR
Y 7oy ?‘*?i‘é’(N =N, +N. D5 B Dz, B
U OEE DL Case 7 TR, 1 27 22% N,
& Casel O#Y 58%, 7/ 7 AL —¥ N. & Casel Dfy~ #&
(IENAY, D EEEN, 13F 1O THD S,
43 B0 EORFRIT

F1OU VA FITRBE T MROENERD 20,
DN DD Case ITDONWTOHFHZEAT. ¥ 50,
30 OHREDT WL E, DR T -5 EF 1
0)Case2,3,6@fﬁ'\i"?’“"%ﬁ?b\f?}t%@f%é. o

f'?—‘“ﬂ%fi" 1252 IR RTSH. Aa (la) 1F 2004
10 B 23 7 OFHER 9 kg M6.8 %A@ SRR 49T b
(Ib) 122006 # 4 F 21 7 @5 ¥ 5 8 M58 3D
BEHAEZA L TVD.

Y 5T, 7eDF =N T R E S DA (%
=1 a) @?J*EEE’IOD@'f‘ﬁ\W: S TH WDIIZH LT, Case?2
(ds<10%3M1385  pf > 5.1:ds<Skm, M<5.1;dt<3days) Tl
ZOBRFFIEITHAL, ¥LWENWEALTND., &
512, Case3 (M IZ& 5T ds <3km, dt <2days) TlE, =
’E\?ﬁ(@@ﬂ\ i, A 9a k0 1ZPWEICA N, Case6
(ds <1018 pr>43-ds <2km, M <4.3:dt <103¥19)
T, %ﬁ‘iﬂﬁ‘w\ AT a K0DIBIIT 3 NP REED
2005 FARDICHFICANTHERALTNS. 202
sV, U7X DY Case 6—~Case 3—Case 2 ERE <725
FE, U rant NSl 75“9'(%5‘(0)%%753‘ ]
CUINTHEHHEOFER I IAY =L, TSN T
DIAFY) T EINDTEEAALTNWS., 5T Case?
T, E»Eﬁaaqwé?%ﬁi‘ G¥) I INIEBEIT T

— IR L, ENonl Fﬁ@@*”?‘*fﬁ% T I A5
STEINDBED, %‘*%ih ¥z ﬁwj R ,?_,H*?:‘O)ﬁu HTIE
ERNEBENWZALSNT, BEBPIHESNTHS.

- L HREE T R O DR B (713, Case
2,3,6 EBHERERDONY —THEL TS, HIiZ
Case 2 |&, ©2R%¥ AL T 200 % /30 @ it Th (- LAL
NLTREEFEZALTNVWS,

44 T LR OIS OF &I RED 4

# 1M Case2 & Case 6 IZDWT, ¥+ 4‘%@%‘1}5‘5@
= &:E??ﬁ?“aq’}%%@r;f—: feodngz, 5 0V 3 (@ £HAICL
TXDY 6 (2Aa L7z, N(T~T+AT, R~R+AR) D ¥ D X
=)L, Y 3 (@) IR T Case2 A1 1/2000, Case 6 3
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T OHEEREOR WS, SO RT =5
Y2 (b) &%) &, 10 Case2,3,6DF Y
TR DU HOEE A (N,) KOV THT,
B D2 =V OFNICE LT D, 29T a id
2004 f 10 1 232 OFR I B M6.8 25 £
SR, ASTb 32K T A /22006 F 4 f 21 T
DD %8 M58 OO BT e T

Time variation of earthquake frequency on each of

30
(

30 days (N-t diagram) for original earthquakes
(same as Fig. 2 (b)), and for independent events
(N,) obtained by declustering under different
conditions of Cases 2, 3, and 6 shown in Table 1.
Note that ordinates differ in scale for each case.
Arrow a indicates the occurrence period of the
largest cluster of 2004 Mid Niigata Prefecture
earthquakes with main shock M6.8 on October 23,
2004, and arrow b corresponds to the period of the

second largest cluster east off Izu Peninsula in 2006
with the largest event M5.8 on April 21, 2006.

15

2V DER), OVADAEITKDT T T ALY 2 I HDET 4k N, D g ¥ 5 N(I~T+AT, R~R+4R)

D 35z, (a) Case2. (b) Case6.
Bp2 7 —)idw LI,

Y 3 (a) DFeDF —4 D N(T~T+AT, R~R+4R) & X TR

3D view of the frequency distribution N(7~T+A4T, R~R+4R) for independent earthquakes N, obtained
through link conditions (8) and (9) in the text. (a) Case 2. (b) Case 6. Compared to the N(T~T+A4T,
R~R+A4R) of original data in Fig. 3, frequency scales are reduced notably for both (a) and (b) .
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Ui Ui
v 7 (@) FR<HEOS WHG t Q[ ¥ D 7. 77 =5 (57), Case2 (2), Case6 (fk). (b), (c),
(d) i¥X? OWE%E (= tu-t), v=NIT (NL;’(%E"E &l T@%‘%i’() LT, U=exp(-vr) 0)%‘/75,*73!
5, Uy (BE) & Un (f29) OSARERZBO (58, 1999 ORI D). Ui Us @7 1hig,
[HEHEG 0 NT Y LRI HHRIFE, DT —F —>Case 6 >Case 3 DL I ITK DT 0T .
Fig. 7  (a) Cumulative number of time intervals 7 of successive events for original earthquakes (magenta), independent

events of Case2 (blue), and of Case6 (green). (b), (c), (d) The relationship between U; (abscissa) and
U+ (ordinate), where U;=exp (-vt;), v=N/T (N is the number of events during period 7), and 7;(= t+;-t;)

(after Utsu, 1999). The distribution of UJ; vs U+, relationships becomes more homogeneous as time interval

7 is distributed more randomly for independent events in ascending order from original data, Cases 6 to 3.

1200 THHZEZERTD. L, Y3 @ oTE
R MAHIREEE TO®W > TH WEE>Mn, 7T
H) T DA FFICENNTZ O THS.

Y 6 TlE, £9 Case2 DA Case 6 KD HY >V EE
INEWT=D, B ¥kid- M7, F7z Case2 Tld, R<5km
TR TR R kDR, 2L, M<5.1 Tds<5km
DY IEEDED(EFL), SkmBERE D T, M as
MG G SNTRNN/2DTHS S . Case 6 T
R<2km & T<2~3days™ i OB WEEY TR knah &z
L. ZNFZDEE TCase6 DY 7 EXEMBER—NDE M
DA SIRARAPFILLNTF B EHETEIND.

T, TOED AT O EHWORIE ? LT,
*E':k(?*f?é@%[é TGN VX EITI2TEDLDIKZ
TG HEMEADIEILTS. YT (a) 1, Case2 &
Case 6 DT 2B RUTD2RT —FITDNT,
SHALUOSEEG ¢ (days) &R, 1 OFSTVHNS
DIFREF ¥k WODOWkE 1 DHREAZHEDTHS.
D AR T P THIUTL, logh ()3 7138 %P5
WZHD (53, 1999) 2, 7wDdF—4 (Y7 (a) OFD
LENFTTOENWATEFELTRY Y > HEMNS NS .
¥ 7z, Case6 (#xDF%) LD ®H Case2 (2 DFEE) D
% 3 kDS FLAHE .
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(a) Case2 Ne=2500

(b)

B Cour=2 LT

(@) Case2 & (b)Case 6 ITDWT, 7 ITAY—D M. &*ﬁﬁi%‘%ﬁk C O35k,
75 A% —D¥kL Case 2 A% N.=2,500 {%,

Case 6 Nc=1581

7S ALY —H D
Case 6 73 N.= 1,581 (&

THd. ZHPE2XP LTI ERIIAY—1E2DOMtYEY 9ITAT.

Fig. 8

Relationship between M,, the magnitude of each cluster, and C, the number of cluster-constituent

earthquakes, for Case2 (a) and Case6 (b). We take the minimum number of cluster-constitution

earthquakes C,;,=2. The number of clusters-constituent is N.=2,500 for Case2 and N.=1,581 for

Case 6. M-t diagrams of the largest and the second largest clusters (1 and 2) are shown in Fig. 9.

E512Y 7 (0), (0, (d) 1, TB199ICETNT,
X OWEE 1 (=tet;), v=NIT (NLJ%EFEF]E’HEI a0
Afel) EUT, Us exp( v &, U (58) &
Ui (e82) ORFEBEZODTHS. © Q5 MmNiRY
VORETHNL, Uit Uy @78y M, Y057
PTG O MTE L, T AT TRWES, TICH
DMNE LD (58 1999). 4.3v 7 (b) DLDHIZ, 7D
F=H DU Ud, h -&%4 2289 LTHR-> Tt
T 5H, Case 6, X 5IZ Case 2 D"EIZ »Anjd L D FHT &

73D, BN NS L F N THBHT LA LTS,

5. VIR -—S5RNTFBHFE EY IR
BB, U THI SN FAY—ICE 2 L,

U IR —BRET DHEN, I IEETEDORDI
ThHhoHNDOHET. Y 8, Case2 & Case6 D > 7
XETHEEINZI TR —IZDOVWT, YTJZFa1—R
M. SR AR E C ORIREA LTS, ZOY T M AL
3HEFD O THADEBDOTHD. JTAY—HREROD
B K Cu=2 8 LT, 7T A — DEE, Case
1% N.=2,500 %, Case 6 |Z N.=1,581 & TH>D. &+ DY
AL — (¥ BOXS 1) I, 2004 § g o @D
TR MO8 ERENSKD, Case2 & Case6 &6 M.=7.0
ThH%. 22X DV IAY— (X5 2) &, 2006 # 4 7
21 " o ¥ & H @ﬁx%:&% M58 EF D DS B
KKBHDT, M =58 &0, BEAEHIHELD M
Ma5 L TWa.

Y 8D M log Cix, &R &L TR
HBHM, o DOFEFHELFEN, FREXM=3DI7F R

& —T, %‘*’E&E’(@i%*@@ Chir=2 715 C=100 < 5N E
TOEWNHD. DFD, HANE UTH, TOHRKR>
FREER RSN TR —TLoTH LA RBD T
LEHALTVNDS,

KT TAI—E2REDIITAT—D Mt ¥ %Y 9
a7z, Y9 (a) @5‘;7&757\5'*—0)%%&01, Case2
1% C=7,961{&, Case6 X C=70511EThs. £/, 77
AE = DB EHBEOHROG Z[WHOF nSRX 0y T
ALY —DiFFE T, (day) 1%, H MV 5 A —D Case 2
TIE T,=207 7 (2004 f 10 I 23 7 ~2005f 5 17 7)),
Case 6 Tl 7,=81 ¢ (2004]3 10 f 23 © ~2005]E‘ 1R
I2) &730, Case2 DHN2H )R, 5. 0¥ 50D
VIR D 30 TG OB KR (7ITH S N R T
%O)’ﬁ;@ Case2 & Case 6 Ot Bk DIFBZ I -0 E, T D5
U TAY — DR R LRSS W OFNTE SR LT
w5,

Y9 (b) O2X? DI IAEY—D M-t ¥ TIX, 2006 §
4021 o ¥ g A @Bﬂxi\?‘“ﬂ%MS.S 0)5[? D¥e "
SO M3RE YT O SRARNG L. DD,
U2 OB R0 ThA R OH O B p 5780 s S 41,
T OHTE TEHFEHH 2 LI T, 5 O fo R O
HZU >R 2 &AL TS, E/2, V9 (a)
DHFH I R OoRgLE R0, Z0Y 9 (b)) OFE
FEAMOUTAY =D MY, HREC, JRSE T,
1%, Case2 & Case6 DY > I EE THhERAENTNT
ENEETH .
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(a) Largest cluster
Case 2 20041023 M1=6.8 C=7/381 Td=207 days .(20041 023-20050517)

05/01 /01 05/04/01
Case 6 20041023 M1=68 C=7051 Td=81 days (20041023-20050111)

04,/11,/0104,12,/0106/01 /0105,/02/01
Time (v/m/d)

(b) Second largest cluster
Case 2 2006 421 M1=58 C=1861 Td=37 days (20060417-20060524)

AR h”ﬁmhtﬂthﬂﬂﬂ ....... ” +TT[ .........
06/04/16 06/04/23 06/04/30 06/06/07 08/05/114 06/05/21 06/00/28

Case 6 2006 421 M1=58 C=1858 Td=29 days (CO060417-20060515)

| PEE .......................................................................
bt Bt drinhad
06/0416 06/04/23 06/04/30 06/05/07 06/05/14 06/05/21
Time (y/m/d)

Y9 KM ITAY—@ E2XKE DI TAY—(b) D M-t¥ %, Case2 & Case6 {TD
WTAT. @ DKHFTTAY =13 2004 § #righ J &SROSR M8 LR
BoIMNSHEIEIN, ?“ﬂ%ﬁﬂi, Case2 |3 C=7,961 &, Case6 | C=7,051E. =
m, VIRY —DHRA &é‘x’f%?@%%@%[? SHOF &Y T ALY — DRk
T, (day) 9 3&, i+ DV I AY—D Td, Case2 Tld T,=207 7, Caseb
TR Ti=817&,735%. OD2X? DT IAXF—IF, 2006 F 4 21 D M58
EHRHMETHERYSAV ORI NSH I N,

Fig. 9 M-t diagrams of the largest (a) and second largest (b) clusters are shown for the two
cases of link conditions of Case 2 and Case 6. (a) The largest cluster was extracted
from main shock M6.8 and aftershocks of the 2004 Mid Niigata Prefecture
earthquakes. The number of cluster-constituent events is C=7,961 for Case 2 and
C=7,051 for Case 6. The time duration of cluster activity 7, defined as the time
difference between initial and final earthquakes of the cluster, are 7,=207 days for
Case 2 and T, =81 days for Case 6. (b) The second largest cluster was extracted from
the activity of 2006 east off Izu Peninsula earthquakes, with the largest event M5.8 on
April 21, 2006.
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