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Seismicity around Quaternary Active Faults and Characteristic Earthquake Model
Takeo IsHIBE and Kunihiko SHIMAZAKI

Earthquake Research Institute, University of Tokyo, 1-1-1, Yayoi, Bunkyo,
Tokyo, 113-0032, Japan.

Gutenberg-Richter (G-R) relationship logN=a-bM has been used for describing regional seismicity. On the other hand,
numbers of studies reported that the G-R relationship does not hold for seismicity around active faults and that the
seismicity is consistent with the characteristic earthquake model, which is characterized by a magnitude gap between the
characteristic event and the other earthquakes. In this study, we compared an occurrence rate of the characteristic earthquake
with the seismicity around active faults to examine whether the G-R relationship or the characteristic earthquake model
describes the seismicity around active faults well. As a result, active faults, where the number of observed events is larger
than or equal to the number of events predicted by the G-R relationship, are about 3% of the total number of the active faults.
The ratio between the number of observed events and that of predicted events is about 0.20 on the average. The remaining
0.80 have to be filled by aftershocks or some anomalously high episodic seismicity, if the G-R relationship holds during one
earthquake cycle. However, an analysis of the 1930 Kita-l1zu earthquake (M=7.3), which is thought to be the characteristic
earthquake, shows that the number of aftershocks is too small to fill the gap. Moreover, we showed that there is a tendency
that the larger an average slip rate is, or the shorter an average recurrence interval becomes, the larger the magnitude gap
becomes.
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JRFTHIZ Y SE > TV Wi b S TE T
[Wesnousky et al. (1983), Schwartz and Coppersmith
(1984), Youngs and Coppersmith (1985,1991),
Papadopoulos et al. (1993) 72 £ ]. Schwartz and
Coppersmith (1984)i% Wasatch [§7J& & San Andreas 47
J& FR RIS DN T, YR O MR TE B &5 R R A
715 G-R HICDDE A HEE T V2R LT (X
1). RO IKL DI LA i T D, —DDIE
Wi oD TR E DT A NCED 2R E BRIk S
I % [l — HL oo iR ([ A MR« characteristic
earthquake) 73 FLEGHIHT > 7- FFORREIRR THAL, £
U TFO~r7=F2—RFOHEL G-R HITHFFEIND
A LOBIZ DD RN TDEET AL THS. 20
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Z Z XL BAEEL TERY, Wallace (1970) 1XH-
TRV T AW E O &5 S TOE A HEDKEM

W% r=D/(S-C) TELI. ZZTDIF1EOHE

DI RO, S ITHIE - HUE PRI RO T2 K AR
BT NHEE, CIIZV—7HETHS. /- H
(1975) 1XZ DB 2 IS THIE O R SR bHl
ROBILAEHREE D FIEZHREE LT, Sieh (1981)D
Uniform-earthquake model <> Wesnousky et al. (1983)
D K~/ =F 2—FKE7 /L (maximum magnitude
model)Z2 L IXIZIEFRILE 2 2 FRL, ZHITEA T D
iz /?L“Cb 4. Papadopoulos et al.(1993)i% Hellenic
IMZIRH RN 2 5 SOHKIZEIL G-R X (Y7
7A7%T53< LIZED, 2 SOXEAERNT, FRKko

EREPHBDOHERELOMIC 0.5~0.9 DIFD~ 7 =
%:L~I\ X vy T PAFIETHTENDEA HEET L
% XL T 5. 7= Papadopoulos et al.(2003)i%, &
UL @ Caphalonia F7> A7 +—LWrkg D Lefkada
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W5,

H AR DOIE W g J&10 T~ 7 =T o — N BB 53 A 3
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EWVHZ LA MB DG ARBLH T — 2721 bR ET S
ZEITWNEETH D, — MK IZIE W O - E BRI
1000 4=~10000 HFEDA—H —ThbH. ZIUTLLT
VTSR RT 137225727 100 4ERRETHY, H
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BET VAL D ELT-. Stirling et al.(1996)i%Z
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22 Wil DH>H 4 DIZTERNWIEERLIC. 2D 4 D
O W IX W TR DEHEVED & <, BN ED
NS B T oTe. FT-BRREAEN BDORE, Wik
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Wil o A R D L &% XL AR A iLﬁ)EODBZ
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£ % 72 R O REJEMEDBFFAEL, %OD%EE%%ETE
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I% Wesnousky et al.(1983)].
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BH%EE 2 7-. Shimazaki(1999), k& I# (2000) (=D
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T/ MiEZE 0.1mmlyr., HKfE% Imm/yr., C #&iZ
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2.2 HFRFIE

1) IEWTIE 80 00 M B oD BRI A FE Ay A

TG 7 g 1320 0 i 3R A S8R IR 3 D AR 48 D FIE OREE
K&K 41283, 22T, BT 3RITORET
BHDD, EHEDTZ O - RS D HD 2 Rt
MELL CRELTHD. TTENTNOIEEEE I
DT P i & L B O - R E AR EL T,
ZOMHEMNE B RETHMBELZRGT — b & a
BT 5. WIZEDTEIRAE Ay 27 VR Thy
HL, HEZ Ay 2 ZEIVIRS. WigoHERN —2R
BIRBRIZAY Y 2 (ZEVIRD. Z L THi gL — AL A
IRENT= Ay 27 Uy REHFNI n Z )y REZ O E
DRI U7 IR Ik & A 7n g, /XTA—% n (L@
HEDREETORBELZDOW BIZE T H2HEL A
2T IS TIRIESND. TN (2004) TlrbT)E
DIFTEDE L O M ERTE B 2% 5 % 2 IR HEA [
IR LY, 1 S TD, B AR O H R
B D@D ORI K> TRE T 58k 7200
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dip-slip Z [ 2~4km FREELRD TND. ARAFSE

IZBWTT VY R A X TR EERREE 7 M 0.01° X
0.01° , ¥EEH AN 1km ELT=. 78T A—=Hn|{ZoW\ T
I RE DD D FEREDS 5km A &7 D LI E LT,
FI2BEDOT-DIWIBNLOREEEA 10km A 1272
I n ERELIZGE CONTZ21To72. Wifg o
R IZOWTUIHENY — AT — a7
—H W [HIE AN — R AT — g hR—A—
2 (2005)]. 2D XHIZLT, FRENOTE W E &0
O HUFE D BRI B 53 A % SR D 7.

2) IEWTRE T — 2% O [ A HIEE O HUAR K OVFT Sk
kR OHEE

[E A B O HIEE OB RFRIC OV T, BLTFD 2
DOFEEHWCTHEE AR T 72, 1 DITHERDOHEE
EEZEM L. #ERTWE RO A2\
(1975); (HX)EHWCTEHAMEO v/ =F 2 —R%&
WEL, ZOFE BRI o TFRETRD -
IFENERR 2 E B HEEL TD.

logL=0.6M -2.9 (1)

ZITLIEMEETHY, M IXEAHESSCHD.
FIIRENE R DN ST 2> TR W E IOV T
W E b —EOETOT O EEZHEL,
BTl E ChRLIZS O EEREIRIFEEL T\ D
HDOLHD.

9 1 21 Wesnousky(1994) D FiETHS. HiETE
—AMIRATERIND[H 2 1FX Aki and
Richards(1980)].

Mo =uDA  (2)

ZZT My, u D AITENENHEET— AL, HIPE

R, WER EoT O, BEIETHL. Mgk
76 [E A 1 5B D HiUE & — AL M B H L[Wesnousky
et al.(1983)], B) RUTEVE— A hv/ =F 2—F|C
25 #a L 72 fE A [E A Hu R B L U 72 [Hanks  and
Kanamori (1979)].

logM, =15M,, +16.1  (3)

ZZTMIFE— AT =F a—RThD. T
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TEFRLE. __flvlg TR — A NERR, u

RIS, LIIEE R, WOk EE, U 1THE
PR ESNT- W E i BT E THD.
W IR C >\, B o B oESE 0 (Mi3),
TuRE /N EO FIRELC, AN 2 W CEH
L7z, /B OFAE FRRIZOWTHHERDHEEL
TRY, ZOEEERA L [MUER A JEHEEA T R
WIS E £ (2005)]. EAMIEOMEET— A M 1
EHT DT — A NEFRERETEHI T2 O TR K
MkRE7es.

ZITT R EAA RO R, Mg 3WE &

IOHEESNAEA HIEOE T — AN, Mg &

Wilg 7 — 20D ESNT 1 FEHIZVDOET— AN
FEETHD. )T B & OVE A HE mﬂﬁ&—:{fc
— AU NIEIME, B RKE, EEEPFET D720
FRMIMRS W< ODEE EV1F573, 22Tl ;wk@ot
T RHIMRA EF&RLT-.

T1(preferred) = Mg (preferred) / l\/]gJ (preferred) 6)
T2(min) = Mg (min)/ I\/.I(?(max) @)
T3(max) = Mg (max)/ I\/Iog(min) (8)
T4(min) = Mg (min)/ I\/.I(?(min) 9

T5(max) = Mg (max)/ Mg (max) (10)
ZZTRESTEEFRMROYED 1 F£HTZHD
[E A RO AL THD. FHI8IEWIE R DI,
TEITE LR DR W BB AL kR E, o)1 kg,
SR, e B — — B W A7 (2 D W TR 24T
DI ole. T IGEE, S0OTTEEE A
72T DWW T, SRR RS HEAR THEES
NTWLEE, ZORKMBOARZMHEH L. 5
FRREIBRIC B W TH AR W g LR DO xf G4t &L
7o, RICKrERIZBL Th, ZOTREEIRN R D L
M TR EPOHEE SV TO DT (BT
JE XD IZOWTIE, 22BN HiZ1T 7.

3) 1 W feg ) oD iR O KU A S 43 A & [ A iR
DRI Je OV R FHI R & oD b
R[REFF— Ak a7 2 5L, ZRE DGk
Je& SRS D SR E oy At 2 7o e 7 B Tl o 72
HON, 1 F-HT-0 DO HE ORI 54 L7025,
ZOBEEAIS, IROINZU TR EHEELT b fE
ZRWT, SAMTIC IV HEES NS E A HIED 1 4FHT-
DOFEAEBE L EREOFREIR O E D HR EDHH
ERAEME LA R LT, DIEICHOWTIE(1D) R0 &
AHEE LV E LI [FH:(1965), Aki(1965)].
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b= EM]-M, (1)

ZZTE[M])IE TR~ =Fa—F M, Ll EohE

DT =F 2—RFROFETHY, TR~ =F2—FK
ITRRIT~T =F 2—RR0.1 % B THDHT- DI

FRIZE N TIE 1.45 THD. b & T 95% D5 HHIX [H
(ZOWTIEL A ARSI DO HE I 20 7 bk EL
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2.3 Stirling et al.(1996)& ™tk
E£9°, Stirling et al. (1996) TH#HT M T TV \é 6>
DOREF MBIz HOWT, HELZa 7 ORI
WL 6 SO TEIL, qﬂﬂ%*%uﬁ,
RIBAWE, BEWrE, BRE) e, FH8WE, 1
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1992 FETORETHE ar 2 TRy, ~7
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(ZIE WA ZE 2 (199) 128D, — 05, ARFZECi
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L, HERHAERD X 5 IR T IOZRTEDE
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Z6N5. Figh B EO A EEEZRE BT
Wl OFERIL G-R HIOHIFFSN D HIEI I
B D7 VB RS L 70 . FI B T
it*ﬁf?ﬂﬂu”jéﬂtﬂﬁ)a@ﬁ*ﬂ 3 A S ] i 2 s
Jﬂm%ﬁﬁﬁfikﬁj\lﬂﬁ S CTholz. TNHDO AN T
Ba RS EFBE WAL VT Bl

%zi%/)m\éﬁ{ﬁlﬁm SR L7,

KW H IZ B\ T~/ =F 2—K 1.5~3.0 THLH
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Figure 1. Schematic illustration of the discrete and
cumulative  forms for the magnitude-frequency
described by (a) the
Gutenberg-Richter relationship and (b) the characteristic

earthquake

distribution of earthquakes

model during one earthquake cycle
( Wesnousky et al., 1983). The discrete number of events
is denoted by n, and the cumulative number of events is
by N. For the characteristic earthquake model, a
magnitude gap exists between the largest aftershock and
the characteristic earthquake. The size distribution of
aftershocks is assumed to follow the Gutenberg-Richter

relationship.
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Figure 2. Magnitude frequency distribution for inland shallow earthquakes in southwest Japan. Both the cumulative and
the discrete distributions are shown. The left figure shows the magnitude frequency distribution for events with
magnitude 0.0 and above and the right figure for events with magnitude not less than the threshold magnitude of 1.5.
The b-value estimated by the maximum likelihood method and its confidence limit are 0.84 and 0.01, respectively.
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Figure 3 Distribution of the 98 major fault systems subject to the national basic survey (homepage of the Headquarters

for Earthquake Research Promotion).
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Figure 4 Schematic illustration of the method of selecting earthquakes around a fault in this study. Although a study
space is divided into boxes and not into rectangles, this figure shows simplified 2D representation of the division for

convenience.
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Figure 5 Location of the six strike-slip faults studied by Stirling.et.al. (1996) and the areas where earthquakes are
extracted.
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Figure 6 Discrete numbers of events per year versus magnitude for 6 strike-slip faults in southwest Japan. Filled gray
(red in the figure in color) circles represent the instrumental data of the JMA unified catalogue from Oct. 1997 to Feb.
2005 and filled black (blue) circles represent the instrumental data of the JMA catalogue from 1926 to 1992. Preferred
and bounding estimates of the size and recurrence interval of characteristic earthquake derived by Stirling et al.(1996)
are represented by the filled and open diamonds, respectively. Dotted lines have slopes of b-value of southwest Japan.
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Figure 9. Ratio of the number of observed events to the number of events predicted by the G-R relationship. The ratio is
calculated in the magnitude range from 1.5 to 3.0. The ratio of one means that the G-R relationship holds. The left
figure shows a ratio estimated by Wesnousky (1994)’s method, and the right figure shows a ratio estimated on the basis
of HERP(2005)’s parameters. The expected number of events are estimated by an extrapolation from the annual
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Figure 10(a) Ratio of lapse time from the last event to an average recurrence interval of the characteristic earthquake
for individual fault system. The uncertainty in the ratio is large because of the uncertainty in the occurrence time of the
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Figure 11 Relationship between fault complexity and frequency ratio. The fault complexity is defined by the number of
steps in fault trace per one kilometer length of fault and the frequency ratio is defined as a ratio of the number of events
predicted by the G-R relationship to the number of observed events. The frequency ratio in figure (a) is estimated by
the method shown in Wesnousky (1994), and that in figure (b) is estimated by using the parameters given by HERP.
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Figure 12. Relationship between fault length and frequency ratio. The frequency ratio is defined as a ratio of the
number of events predicted by the G-R relationship to the number of observed events. The frequency ratio in figure (a)
is estimated by the method shown in Wesnousky (1994), and that in figure (b) is estimated by using the parameters
given by HERP.

- 151 -



(@)

10°

107

-
obn

-
<

o
T

(b)

-~~~ -~

Y e

v @

= =

E E

] =}

z z

T E]
£ £
g 2 & 2
59 | B 8 % ‘ & o
EL10} 210 ( ) ‘
s E s £ -
gE SE Y ) Y
= = - = ()
= Z &z ..0 ®

k! = [ ) [

2 10° S a0

§ 10°} § 10 o '

3 E

£ £ .

- -

10‘1 I 1 10‘1 L . 1
10? 10" 10’ 10? 10" 10’ 10"
Average Slip Rate (mm/yr.) Average Slip Rate (mm/yr.)

13 “VHIZERCEEE LAREE b, AR VA ZE AL THY, Mt E L THD.

(a)l% Wesnousky (1994)DF

ECEAMBEO~ =F 2a—F R OREBELFRLIZSE, () I FHERDOHEEED b ETHMALIZH DA
HIEREELTIZ5E.

Figure 13. Relationship between average slip rate and frequency ratio. The frequency ratio is defined as a ratio of the
number of events predicted by the G-R relationship to the number of observed events. The frequency ratio in figure (a)
is estimated by the method shown in Wesnousky (1994), and that in figure (b) is estimated by using the parameters
given by HERP.
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Figure 14. Ratio of the predicted frequency from the G-R relationship to the observed one vs. average recurrence
interval. The frequency ratio in figure (a) is estimated by the method shown in Wesnousky (1994), and that in figure (b)
is estimated by using the parameters given by HERP.
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