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According to SHimazaki (1986), the large and small Japanese intraplate earthquakes obey the
different scaling laws: M,o<L? for small events but M,o<L? for large events, where L and M, are fault
length and seismic moment, respectively. This is caused by the fact that the fault widths W for the
large events are bounded by the thickness of the seismogenic layer in the crust. We examined the
relations among source parameters for 33 Japanese intraplate earthquakes from 1885 to 1995 and
confirmed the validity of the results obtained by Suimazaxki (1986) for the events of M=5 to 8, where
M is the magnitude in the scale of the Japan Meteorological Agency (JMA). Relations between source
parameters and JMA magnitude M were also derived from the relations among source parameters,
using the M,—M relation by TAKEMURA (1990).

Suimazaxi (1986) also indicated the offset of the L —M, relation at the transition between small
and large earthquakes, and suggested that the offset appeared to be due to the difference in boundary
conditions between buried and surface faults. We found an offset from 6.5 to 6.8 in the JMA
magnitude M, as well as the offsets of a factor of about 2 in D and M,, but no offset in L and W, where
D is the average slip of the fault. Also we found that almost all events with M =6.8 accompanied the
surface faults, while most of the events with M=6.5 did not accompany any surface fault. These
results strongly supported that the offsets in D, M,, and M were caused by the surface fault breaks for
the large earthquakes. Furthermore, we examined the relation between the damages from the
Japanese intraplate earthquake and its JMA magnitude M. The damages suddenly increased from
M=6.5 to M=6.8. The scaling law obtained above gave the large earthquake a strip fault whose
location was very shallow. Because of these conditions, the intraplate earthquakes with M=6.8 bring
about strong ground motions in the wide area.

Key words: Intraplate earthquake, Scaling law, JMA magnitude, Surface fault, Damage.
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List of source parameters of Japanese intraplate earthquakes from 1885 to 1995. M, L, W, D,

M,, and S show JMA magnitude, fault length, fault width, average slip, seismic moment, and fault
area, respectively. In most cases, values of S were calculated by L X W. § indicates the dip angle of
the fault plane. All the data, except for those of the 1995 Hyogo-Nanbu earthquake, are quoted

from SaTo (1989).

Earthquake M | Type/ 6 L W D Mo Remarks
(year/name) (degree) (km) (km) (cm) (dyne - cm)
1891 / Nobi 8.0 [ST/90 85! 15*! 380°' 1. 5E27°% | #1 Main Fault
+2 Total Faults

($=1700 km?®)

1927 / Kita-Tango 7.3 |ST/ 64 33! 19°*! 370°! 4.6E26°% | #1 Main Fault

+#2 after Kanamo

ri(1973)
($=460 kn?)

1930 / Kita-lzu 73 ST/ 90 22 12 300 2. TE26

1931 / Nishi-Saitama 6.9 ST / 80 20 10 100 6. 8E25

1934 / Minami-lIzu 55 ST / 80 7 4 10 9. 5E23

1935 / Shizuoka 6.4 |[ST/ 10 11 6 100 2. 2E25

1939 / Oga 6.8 ST / 30 16 12 200 1. TE26 First Event

1943 / Tottori 7.2 |ST/ 90 33 13 250 3. 6E26

1945 / Mikawa 6.8 DP / 30 12 11 225 8. 7TE25

1948 / Fukui 1.1 ST /7 90 30 13 200 3. 3E26

1955 / Futatsui 5.9 |DP / 64 15 4 20. 5 4. 1E24

1961 / Kita-Mino 7.0 0B / 60 12 10 250 9. 0E25

1962 / Miyagi-Hokubu 6.5 |DP / 56 12 10 60 2. 4E25

1963 / Wakasa-Wan 6.9 ST / 68 20 8 60 3. 0E25

1967 / Wakayama-Seibu 4.2 |O0B/ 68 2.9 2 1.63| 2. 7E22

1968. 3 / Wakayama-Seibu 5.0 ST / 82 8 4 .73 1. 9E23

1968. 8 / Wakayama-Seibu 4.8 P / 90 6 3 1. 58 9, 4E22

1969. 3 / Wakayama-Seibu 4.2 0B / 90 4 8 0. 22 2. 4E22

1969. 7 / Wakayama-Seibu 4.4 ST / 68 3 3 0.7 2. 1E22

1969. 9 / Gifu-Chubu 6.6 ST / 90 18 10 64 3. 5E28

1970. 1 / Wakayama-Seibu | 4.3 |ST / 90 2 4 0.76| 2. 0E22

1970. 10 / Akita-Nantobu | 6.2 {DP / 46 15 1 28 1. 4E25

1970. 11 / Wakayama-Seibu| 3.8 0B / 54 4 5 0.16 1. 1E22

1974. 5 / lzu-Hanto-Oki 6.9 ST/ 80 18 8 120 5. 9E25

1974. 7 / Amagi 4.9 ST / 90 3.5 3 9 3. 2E23

1975 / 0ita-Chubu 6.4 |DP/T0 10 20 32 2. 2E25

1976 / Kawazu 5.4 |ST/ 82 9 3.5 20 2. 1E24

1978 / Izu-Oshima 7.0 ST / 85 17 10 185 1. IE26 Main Fault

1980 / Izu-Toho-Oki 6.7 |ST/ 10 15 7.5 110° 7. 0E25° | # After
Takeo (1988)
(S=240 km?)

1983 / Tottori-Chubu 6.2 |ST/ 85 5 6 50 4.5E24" | # p=3X10''dyne
/cem? is used

1984. 5 / Yamasaki-F 5.6 ST / 90 3 5 8 3. 2B23

1984. 10 / Nagano-Seibu 6.8 |ST/ 85 12 8 100 2. 9E25

1995 / Hyogo-Nanbu 7.2 |ST/ 86 25 15 220 2. 5E26 (This Study)

ST:Strike Slip DP:Dip Slip OB:Oblique Slip

"E" for the value of Mo indicales an index number
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Fig. 1.

Relation between fault length L (km) and seismic moment M,(dyne-cm). Solid lines indicate

the best-fit relation. WC (dotted line) shows the relation by WeLLs and CoppersMITH (1994).
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Fig. 2. Relation between fault width W (km)
and length L (km). Solid circles show the
data of large earthquakes with seismic
moment M, larger than M, (=7.5%10%
dyne-cm). Average of fault widths W of
the large events is 13km. L=(3/2)W is
obtained from the data of the small events
with M, <M,,.
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Fig. 3. Relation between fault area S (km? and seismic moment M, (dyne-cm). Solid lines indicate the
relation obtained in the present study. The relation obtained by SoMerviLLE et al. (1993) is shown

by the dotted line (SO).
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Fig. 4. Relation between average slip D (cm) and seismic moment M, (dyne-cm). Solid lines indicate
the relation obtained in the present study. The relation obtained by SoMeRVILLE et al. (1993) is

shown by a dotted line (SO).
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XBRr—Y Y FTRIMBKYILDO T LERLTV S,

RTHE(1975) OBFERMA I, BEMMBENLVL
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Fig. 5. Relation between fault length L (km) and JMA magnitude M. Solid lines are derived from the
L —M, relation obtained in the present study, using the M,—M relation by TAKEMURA (1990). M,=
6.8 is calculated from M, =7.5X10% dyne-cm, using the M,—M relation by Takemura (1990). MA
(Chained line) and SA (dotted line) show the empirical relations obtained by MaTtsupa (1975) and

SaTo (1989), respectively.
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Fig. 6. Relation between average slip D (cm) and JMA magnitude M. Solid lines are derived from the
D—M, relation obtained in the present study, using the M,—M relation by Takemura (1990). MA
(Solid line) and SA (dotted line) show the relations obtained by MaTtsupa (1975) and Sato (1989),

respectively.
HBFERTH 3.
log D {cm)=0.6 M—2.0 (16)
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BLETO LS sPFEREKRD 7.
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log D (cm)=04 M—084 M<M,

(18)
(19)
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Fig. 7. Relation between fault width W (km) and JMA magnitude M. Solid lines are obtained from the

L—M and W—L relations in the present study.
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RIDBAGR & DBSEEIC > W THRT 3.

5.1 HREMOHTELFHE
BRI I S BN O HBE PHEOBEEER2  ShTLaIBAMSEELE WFhbe S =Fa—F
RDRUTD&L ST~ MW, 1885 £E-1980 4E @68LlEE L. DB BEHOKMBIRTL — b
ETRFHR(198) DY R ELLICESH vs(very BTHATMEMELSH D, HBHBOHBLERTELL

B H R 2

shallow) % /i3 20km Pl & & h TV A HIE, 1981
F-1995 FF TRIARTFHBAHNTES 20 km Ll s

Table 2. List of the Japanese intraplate earthquakes from 1885 to 1995 with surface faults and their
All the events with M=6.6 are listed in the table, irrespective of
whether the surface fault is accompanied or not.

damage rank [Ursu (1982)].

Event (Date Name) M | Damage Surface faults Refer.
Rank (name or location)
1955:10/19 Akita-Hokubu 59 3 Near Futatsui @ | D
1938:5/29 Kussharo 6.1 3 Kussharo F. m (DI
1959:1/31 Teshikaga 6.3 2 Near Teshikaga L |1D2)
1918:11/11 Omachi 6.5 3 SW Omachi m D2
1969:9/9  Gifu-Chubu 6.6 2 Hatasa F. (L) 2)
1948:6/15 Tanabe 6.7 3 (not found) 3)
1909:8/14 Anegavwa 6.8 4 Yanagase F. w DD
1925:5/23 Kita~-Tajima 6.8 5 Tai F. (0 NI
1939:5/1 0Oga 6.8 4 Kotokawa F. m |2
1945:1/13 Mikawa 6.8 5 Fukozu F. etc. H |DDI)
1984:9/14 Nagano-Seibu 6.8 3 (not found) 3)
1931:9/21 Nishi-Saitama 6.9 3 Kushibiki F. # 2 4
1974:5/9  Izu-Hanto-Oki 6.9 4 Irozaki F.etc. H (D2
1894:10/22 Shonai 7.0 5 Yadaregawa F. m D3I
1900:5/12 Miyagi-Hokubu 7.0 3 (not found) 2)3)
1961:8/19 Kita-Mino 7.0 3 Hatogayu F. # 2)
1978:1/14 1Izu Oshima 7.0 4 Inatori~Omineyama F.etc. (L) [ 1)2)
1914:1/12 Sakurajima 7.1 4 (not found) k)]
1914:3/15 Ugosen (8 4 Kita-Naraoka w |n
1948:6/28 Fukui 1.1 6 Under Fukui Basin m 1)2)3)
1896:8/31 Rikuu 7.2 5 Senya F. elc. H (D)
1943:9/10 Tottori 7.2 5 Shikano F. elc. @ |23
1995:1/17 Hyogo-Nanbu 7.2 6 Nojima F. etc. @ (3
1927:3/7 Kita-Tango 7.3 6 Gomura F. elc @ (D23
1930:11/26 Kita~Izu 7.3 5 Tanna F. etc. H |DDI)
1891:10/28 Nobi 8.0 6 Neodani F. etc. M D)

Damage Rank: Utsu(1982)
* Surface fault break is not found bul there is the active faultl closely
related to the event
(W) Higher reliability
1)Abe et al. (1985)
2)Research Group for Active Faults of Japan(1991)

3)The Prime Minister’s 0ffice(1997)

(L) Lower reliability
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DTRW, FAREOHIETS, BELROHRED
MEEX 20-40 km & PPEWVHIEBES M H 5K (8
BB HAERARE RS (1997)] THEH 20 km &
RE>TOWBIHMBRBRVWA, M, BRICERALIE R
& > TV bRRIRE CREBMNIEAE U BB A4 L
REEh3MBRURE LA & 5ic 1923 FHRHE
DEBRIAVEVETL- FOBYABLIZES 7L—

MEMEETH B EIEHAS S D RS L, 1965-1966 LD
BB TR RZE S h TV 32, He o
BLoMEHEL VO TRV, BBMABICRBINS hi:
LTOMEDY R b ZRT.

— AR I HURN I O B E LB I BB B OB LA
EDHIEBTBEMNEL, RB—OHIET b HIZEWE
DEBRSPVWTHREMTRRORU PG DU
W, Fh2EENRE LEA—RBETE LHABE LR
W (PETER - fth (1985)). CDHELDOEROHEREP D
LS F-FIKUBREY, MBNHEOFEORARE
RiFT 2L HERECHAARIETHS. LALUMS,
oML TR, MRAHIEBOME L L THIER
HEHBEWBOHE L OMRERBMC>PL T EHE
THETHS. COXINPE[DPS, TTTRFTE -t
(1985) ic L 2 EHDE 421 LFK422KcE L Hoht:
HMEMECET RN RIEEOETAVAI LT
3.

Table 2 (51BN U - B it LKTER - fth (1985)
OBFRAMNCIH-bDTHB. M65DHIEiIcH>W
Tk, FIEE « fih (1985) DR THIRME < BAT 2 5Cd
5260DH%ERL, M266 OHIEBIZ->WTER, 2T
OHIBIC>WTHIBHEOREOFHERLIC.

PR - fih (1985) &, BREIC L b, HMBMEE 2 50
Snv—FiSELTWE TORY XL (FEFHoE
421) i, BEEOBSWHIENREE LT, REESHE
WS TRERBLTVWAbDORBHEL, OB
REZICL > THEBNBL T30 IEENLRROEH
BLR->TVRBATOMBEEAL & WS AR
ENPHMSIBELV R 1 iEHhEBRTVS, &
ey 2 b2 (EHROEK422) IREEOEVLDOLL,
RN O B AME 7 — 5 5 & OB E” I
- THEESN TV R bDOPHIBKETS 5 & %Rl
T 350135 B4, HBKELHZIN L OHFERLENL b
DEEHIFTWS, Table2 D(H) kY A+ LICiCE
hTwvwabo, (LRVZA2REBREhTVWE DT
$5. FRAEIIMBHBIRESh > TR LY, BRO
MBEPABATISICRBRA N =XsFE b LK, @
WEBESER S TVWATENBXH 3B4TH 5 [(E
BT E (1987)].

Table 3 i3 BIRXxh, FHBOY X+ ikdH 3L TOMK
AEBD~ 7= F 2 — FHEEN & Table 2 T
BogEwdp, LulBEFEOENSGE OMEMRREE L
s hrcE (H) (L) * %6 L2 bD) OfFEn, B&
U2EgcNT 384 n/N ThH 5, Tabled T M=6 Ll
T OB OLE N »¥/Dd 2 DI3FH (1982) 4 M=6
KiGOHBTICH L TRESHUBOSEMNRELTWHRE
WTHAHELEAONS, Fig. 8= =%2—FRllic
P=n/Nx100% %2Bic L7~bDT% 3. Table3 D n
BOLTOMBRBORVPMEEND 5 L ahHB
DI, Fig.8 32oRERIHIETE06DLEDN

Table 3. Percentage of the identifications of
surface faults at the occurrences of intra-
plate earthquakes. The number 7 is calcu-
lated from the events marked with (H), (L),
and * in Table 2.

MI] Total number No. of identilied Percenlage
of events (N) [ surface faults(n) |[P=n/NX100 %
5.8 7 0 0
5.9 9 1 11
6.0 9 0 0
6.1 H 1 7
6.2 10 0 0
6.3 19 1 H
6. 4 [} 0 0
6.5 [ 1 17
6.6 1 1 100
6.7 | 0 0
6.8 ) 4 80
6.9 2 2 100
1.0 4 3 75
7.1 3 2 67
1.2 3 3 100
7.3 2 2 100
8.0 1 1 100
T LA S BN NN I L R R B | "_'_“'_l-
100% o ° oo O-
§° [ J
= 50 -
(5]
(5]
@
(-]
: o
¢ o
loo—r0fol oty
6.0 6.5 7.0 8.0

JMA Magnitude M
Fig. 8. Relation between the percentage P of
identifying the surface fault and JMA mag-
nitude M. Open circles indicate that the
total number of the events is 1 for the cor-
responding M.



222 B ® % 2

%. Fig. 8 TRHADERNH10HEBF—5ELT
DR ICRIENM S 3 DXL THAILTRLE.

Fig. 8 #5498 h 3 &5 M=65 & 6.8 DT, HIE
Wi & oBIEHE N B B MRORERSTBUCHIML, B
SHIT M<65 DB L M26.8 DHIBTREFHENR
BT LHAMB.

Wi, [RF=/=Fa—FMEEEEEORHFEE
Fig. 9 lcnd. HHOBEIIFER (1982) itk 3#H S
YIRE-TWA, 1980 FELIRIIFEH (1982) DY X b
KHAHET v 2F0ETHY, 1981 ELKROME
OEES v 713, FHEE(1996) ik 3RMBOEKED
FHERCETSXH L. KT 1 >OAHI 1 S0l
Bicxihd 5. BIRS Qi HIBAMED > B, FIBEPR
BERAEHIZE U TRER bIF  BOXAIH
HLVWBAR, =/ =Fa—FMOKEVWHDDE%
Fig.9 ik 7o v I Ui, BfLid Table 2 ¢ (H) i ¥ &
hi-bDT, BEEEORWVIMEBNEEME > ~HIE At

HENTE PR T A EIEARR I TV VIE,
YREIEEEOEVHBMBNERShTW3bD (L)
PHEROBVWENESEREhTVI D (*)TH
3,

R»o 2 o0EBUAEEHRT A LHMTES, 1o
3, M<S65 TRBEES VI RBLEALEMNBKTS, oF
DRE2ALL20ARGZ L B32BEE2FUE
1000 FkikTH 24, M=68 TiRLTHS 2 3L E
&y, PENCRhERES v MELbicaH
AT BLETHD. TOREM272 OMEBTRE
B35 v/ RE2TS5LETHAE 200 ALILES i3 2HEE
B1APLULEEBRALEERZE->TWE, $H)—o D
Bz, MS65DI/N—T7THbM268DTNV—TThH,
ZOhTHBREARRE N TV 3 boDEEHEN
It KEWT ETH 5.

HMEBHERE > I THU BROKELITH{EL
HUROMBBREPADNTES L bFEECHETs, Co

@ Surface fault (Higher reliability)
@® Surface fault (Lower reliability)
O Surface fault is unknown
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Fig. 9. Relation between damage rank and JMA magnitude M. Solid circles indicate the events
accompanying surface faults of higher reliability marked with (H) in Table 2, and half solid circles
the events accompanying surface faults of lower reliability marked with (L) or * in Table 2. Open
circles indicate the events for which any surface fault (including closely related active fault) is not

found.
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1HERE OBEE RN T A8RiICE, MBENEOEED
ARERENB->BRTAEURHEEERE LD L
@REF SV, LHLKAS Fig. 8 ® Fig. 9 itk
TEEHNRE(ELLTVWEAREIRZ, M=65-68T5%

D, SATHEBLANE > - 7PRRF~=7=
Fa— FHOBRRTAUERELEL 5 M OB E 21—
HlLTwaRiREHsh 3,

52 R4 —Y vJAIEDBEE

MBI LR XK 5 C Lo d 2 BRMATIRIR
HFoHBLBVY, 2RTOETHY 59 7 DBFE, H
REEZESEI-HBOFIgT< 3, B{EDAZH
BN 2ERBERES LI LEREsATVS
[KnopoFF (1958), Suimazaki (1986)).

SuimMazaK! (1986) 2, COEEMLSHMBE—2X 2V}
Mb777% - 2BEOENHZC LHFsh3E
LT, ()R Q@ RTRT L-M, BAFEORES: D FRH
HRENOMBHIBOHRIEIMEE—2 Y+ M, D
FERECHH5DOTREVIEEHLTHWS, T, (1)
RO SRMb - REROBEHER L=20km T
7725 -2BETHS. SERDPELLG)RME@R
b, M, icoWTRBRFECBEORESR R > T3,

Table 3 ® Fig. 9 #R 3 &, M=66 & 6.7 DMIBD
HBBEDDICHARTERRDEVWCERKRTL. B
100 ERVDF—FThHY, TS =Fa— FORE
BEL—HTRLABLEREVWHIBELBETCEX LY
N, WEBE— 2 v+ M ERRICUBRBE RIS
B lit&»TRIy=Fa—FMIEREHREMEELKLE
EZBZTLRTERVWTHBID., 2Fh M=65H50
M=68 ~DAHETHS. Table 4 I M & DBIFER
(11),(14), (15), (18)+21) 2 SRD 5N 5 M=65 & M=
68T AW/ 5 A —FDETHB. M, DER
BEHFHREINE T A —F TR M=6.8 s B{HEN
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M=65 X3 BliicltR7 77 9 — 2BEERE 3
M, L WSEZDHD 52 -5DHIZIZEAE LI
V. o2& Y D, M, M BBEo HESFEERE RS
NA3AHEGEERL TS, HEOLFERILVWL W,S
LMBEOAREZ X ERDE/,°5 2 — 5 [ JHGHTH S
EERLTWVWE,

Table 3 DER L > L F— I RBNBRRTEBOTH
BH, RIKBRELIICINODT -5 i 3R OHE
BRAIELTEEhTVEY, LALEESHETYEER
BEOHRTHMBRAMBRRELTWS, 2T, %
o DHEN M BOMBRERICHEET IEEVWER
iz, 1885 LI REL - M=64 Ll LOME
KoWTHREGE OBBRTREL, HBRNHETH S
CEMBEBBVIEVEHMENBHBO Y R P EEK
L Table 5 i 73, BREEXIcoLTOEREIIA & B
T&H5. Table 5§ OHBEEZSHNITM=66 BXU 6.7
DML SHIBEME h2H, TbHO MOMEKS
Wind 27w, kiR LA M=66 & 6.7 DI
EFDLODIRERTOUEVWVRRIED STV, FREEDA
ERRETHIEM=6TC 1980 ERTH A B
(M=6.7) DBMENBDHTH 3.

Table 4. Offsets of source parameters between
the events of M=6.5 and 6.8. The equa-
tions used for calculating the values of
the corresponding source parameters are
shown in the column of Eqs.

Source N=6.5 M=6. 8 Ratio Eqs.
Paramelers (6. 8/6. 8}
Mo(dyne - cm) | 3.2 X 10°*] 7.2 x 10** 2.3 an
D(cn) 58 145 2.5 (18) (19)
L (ko) 17 13 0.8 (14) (15)
¥ (kn) 1 13 1.2 (20) (21)
S(kn?) 187 169 0.9 LXP¥

Table 5. List of the offshore intraplate events with M=6.4 along the coast of the Japan islands.

Date Location long."E Lat."N |Dep.km| M Remarks

1892.12/9 | W.off Ishikawa | 136.7 37.1 Vs 6. 4

1922.12/8 | Chijiwa Bay 130. 1 32.17 vs .5 | Aftershock of the 1922
Chijiwa Bay Eq. (M=6. 9)

1952. 3/7 W.off Ishikawa | 136.20 36.48 0 6.5

1990. 2/20 | N. 1zu-Oshima 139. 23 34.75 5 6.5

1939. 5/2 Off Akita 139.82 39.92 0 6.6 | Aftershocks of the 1939

1939. 5/1 Off Akita 139.8 39.95 0 6.7 | Oga Eq. (M=6.8) in Table 2

1980.6/29 | E.off lzu 139. 23 34.92 10 6. 7

1922.12/8 | Chijiwa Bay 130.1  32.7 Vs 6.9

1963. 3/27 | Wakasa Bay 135.77 35178 0 6.9

vs:very shallow [Utsu(1982)]
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AR Tk BIRER T SHimazak: (1986) © L—
M, BREASEIC, M,=75%10%dyne-cm (M,;=6.8 ic
W) FBICLAEBEL->TWVWAY, LILoLS5%5HE
Fic M ORBEELEET 5 & hid, Tabled KRT &
iz, M=68#£13TH<{ M=65 bific L TEARA %
BT 2HBBLH S LA, Fig 8 IKRTHENE
DHBRHM M=65 & 68 DB TAMICHATITED
ZEiAbEB L, HBAHBICBY SME/ 54 —5%
KURFF< 7 = F 2 — FIEOBIFRO Rl b ZEW w0
HB:EEBEBLTWAL EZREERTHAS.

Wi X =Y v FRISHIBHBFCRETERICOVWT
£i13 HENEBZOMOOTHhICL3HER, WEE
LicHEMd S 3 & I UBHERKGEEREThIEBEKRE
(W, CULAKEORRRHEESICL D REL M
BEMKGOTHEHICLEEEZEZ NS AR, R
o« fh(1998)). HBORLEE 2 REVSBEERL &,
WEHO®S &, BEANCBRMECL VRSO3
BREOMS L, BEWE» SOBEMIcL - TREZLE
ZAoh3. BICHEROLER BEORTFHECLIE
B VI 0fRISOIEH D 2 RXICEN - il (1998) 0#5R
DOLEDLODTHEETHEI LM, 5,

— R E SRR ICHBE T 2 L S SHIEB R, BiR
BB SR DR W BB ICTFEL, T OSSR &R
OREFTH 5 BHE & OIEMIGE { BB L 3
3E&EZoNA,. D% HMENBOHBRIEREESE
BWETAICHFETBEERLTVWS, Fig. 9 TiERS
LS EIL MOHIETS, HMENBUREINT
WAMBOHBEMEHNICREVDOR DL T LR
kB3bDLEZONS.

F1, M268 DRHIEIC X 2HEMNBRICKEL
BHRIRHODVWTHRBEOZ EMNIERMTE 3. 2Ehho
DOKRME TIHUBRREFOEOHIRD 7= ICHEIRE W
BETE L, £ 0B4, HMBEERES Y MBED
FSsEROTCEEETHRTVWEDTH S, s,
0BG, MBEOEMMSIIZRETH 5 LIEETHE
HiRE I S HBEOILL D IBRES L TRESC
Liclisy, BEHORSTHOEEOIBESL L LD
AT 3. LiCROAL-MBFRREET L, M2
6.8 DHMIBTIZ (14 R& 0 MM 1 #IMT BEIC L 134
4fERELLD. —H(15) X oRHSN 5 M<68 D
MBI T AL OWMMBRIVW25ETHS. 20
M=268 OHED L ORI M<68 DHIEDH 1.6
Biclszl MM 3. o &id, Fig. 9 TiERLA
I M=268 OMIEICH L, FMIcRAHEES v
BMEESICABICHAT IHEELCRBT 60
TH5 2%, BHEOBHELEM EORFICZTr—Y v

TAIMEL b > TV A aHERERL TV 3.

§6. ¥ & &

1885 FELIH 1995 £ & T BARFIEOABETRE L
- M=4-8 DMIBAMBOME 7 » — % (HBES
LEW +¥~<Xo@D MEEHS MEE—2 v F M)
PREF~/=F2—FMOBEEMAFZEZAEAN, UTD
AR Ry 7 NN

(1) SHimazaki (1986) DStEHT 5L Hic, M<68 D
HEiIz >\ T ik Kanamor: and ANDERsON (1975) ic &
3R45—1Y v 7R, M=68 OMIEIC >\ TIE ScHoLZ
(1982) ® L-model ic k324 -1 v 7RIZERL, B
H(1990) ® M,— M DB ZHVWNIE, WG 5 2 —
IRRRT< 7 =F 2 — FHIOBMFRE, 1EIEM=521L
OEEATEYSMICREATE 2FERERL S LTS
3,

(2) () TRODOWAEFRERREICAHVSATY
ZERNEEHET 5L, KFICHREBA975) &S L—
M®»D-MOBERBRRI, M,268 0Bt Lk 3
REFEBLIUCHIMAELE SZIF—HL, BXFBIcHT
2 AR P o BHRWE oo LA ESE W C &b
5.

(3) M=258 OHIEICK L, MENBOHRREF/~N
3L, M<65 TRUERIBH TEVY, M268 Tt
100% ;E\MEi%ZRT. ChiRRbFExr—y v 7AlD
oA E L HHEL TV S, MBHEXHERT 3%
B3+ ~oEDOFREHEE LTHN, M, P MICHEE
LTwanlfEiEsid 3. @k 111 Fo7—- s TRB L
6.5<M<6.8 DMIFAHIBOEMNEDL D ICHXTDEW
DLEORBIC L 3T[REME S 5. M=65H5 681
Fligehid 5T hiT (1) TROEBEFREODP M,
b3 779 2BREORERENFMESNSE. —
A, L, W, S SHBEOBIREERT v7 4 — 5 Gd@5Ke
TH 5.

4 < 7=F>—-FRRHUEREORELRS &
M<65 it~ M268 OHIECTHRIRICHEBEMNAREZLL
5. ¥ M2680HIBTREYMICM L L IR
KEESHATIEARMBELS. ChoDBHRIR, 2
=Y v 7R OZEALIHIRE D58 & ) D MO RIS
ZETBERKEEBLTVLWEAH EEZ NI ERNILER
BHNTE5. FHELMOMBOESICIIMENEE
HULABEESREVEARICHZEE, TOLIN
HETR, BREFNENEL 20NBOIBERSHIRICS
koaxnrhdEEILONS,

FEE, FRB/MNIET— 9 % b & ICHIRROMBERE
BOBES BT 2HEHBBARK Y, HMBREFBICTR



BAFISICE T A HIBRMBOR 5y — ) ¥ 7RI L HE 225

RITULBLDBAE3Skm DESICEBMHSZC
&, TIRB XU EBORES ikt & B L s
BB EEMNEHSNTVS (HAE, Ito(1990), £
M (1998)). HIRRELERO LIcHiIB|BERE XL WEH
5 EThid, MTORGEMHESEMICHIFRICHEEHL
RbDHMBMETH 5L T3 EATMNRO LN
2o/ b 5 3. ABETR~NA LS LHIBNEOHELE
HIBRPBIED 2 7 — Y v ZRIMSTRICEELTWA T S
ERETEF -2 b—HTHY, THhOoERE L THER
RIBOEC W AL L UHIBRNBHEAD A Hh =X 4o
WTRHT A LENS B, O LRELHBRATEC
BRMEBN OGS THEHORIAICH - THEELRR
BTH5.

B 23

ARREELHBicHh, HBRAMEOY X + O¥E
PEE/NMNETIEE ZHEEWEBAKCFE-THZEL
fo. 1o, WREAEEEN REREEL Lo
SRHEBNTIR FoM—ELicr, EREELTR
RETHERFEATHE, FBOBELARERILEL
fo. HRCODEDERBBEL LT,

25 XR

FIERRSAE - FEMIE - ER ML, 1985, HE & IS,
T4+ xR 2R H, 760 pp.

Fukuyama, E. and K. IRIKURA, 1989, Heterogeneity of
the 1980 Izu-Hanto-Toho-Oki earthquake rupture
process, Geophys. J. Int., 99, 711-722.

AEER, 1991, REOHMBERD o H /- R AR
7%, BFVIBoB—HE TS L EEEE GIR
ﬁmﬁ), ﬁ%ﬁﬂﬁﬁﬁ, 57-81.

ITo, K., 1990, Regional variations of cut off-depth of
seismicity in the crust and their relation to heat
flow and large inland earthquakes, J. Phys. Earth,
38, 223-250.

G #1007, HBPHIEBOZE S O LIB, BAHES
LWITREE, No. 2, P69.

KanaMori, H., 1973, Mode of strain release associated
with major earthquakes in Japan, Ann. Rev. Earth
Planet. Sci., 1, 213-239.

Kanamory, H. and D.L. Anperson, 1975, Theoretical
basis of some empirical relations in seismology,
Bull. Seism. Soc. Am., 65, 1073-1095.

TEWEIIZES, 1987, FiiE A DOTENE, RRAFHK
£, 437 pp.

FEHF—ER » FitfEig, 1987, AXRDOKHE « K7 —
2 b 20, HIBEOHEM (ZRERRES &, HEH
JE, 552. .

Knororr, L., 1958, Energy release in earthquakes,
Geophys. J., 1, 44-52.

MAEESE, 1975, EFEL oR4E T 2B ORKE F

oW, HIE 2, 28, 269-284.

MaTsu'ura, M, 1977, Inversion of geodetic data, Part
11, Optimal model of conjugate fault system for the
1927 Tango earthquake, J. Phys. Earth, 25, 233
255,

MATSU'URA, M. and T. SaTo, 1997, Loading mecha-
nism and scaling relations of large interplate earth-
quakes, Tectonophys., 277, 189-198.

Romanowicz, B, 1992, Strike-slip earthquakes on
quasi-vertical transcurrent faults: inferences for
general scaling relations, Geophys. Res. Lett., 19,
481-484.

Romanowicz, B, 1994, Comment on “A reappraisal of
large earthquake scaling” by C. ScHoLz, Bull. Seism.
Soc. Am,, 84, 1675-1676.

LR, 1989, BXRDHIBME Y52 ~-5 e NV F
7y 7, BEHRE, 390 pp.

ScHorz, C.H., 1982, Scaling laws for large earth-
quakes: Consequences for physical models, Bull.
Seism. Soc. Am,, 72, 1-14.

Scuorz, C.N., 1994a, A reappraisal of large earth-
quake scaling, Bull. Seism. Soc. Am., 84, 215-218.

ScHoLz, C. N,, 1994b, Reply to comments on “A reap-
praisal of large earthquake scaling” by C. ScHoLz,
Bull. Seism. Soc. Am., 84, 1677-1678.

Suimazakl, K., 1986, Small and large earthquakes:
The effect of the thickness of seismogenic layer
and the free surface, Earthquake Source Mecha-
nics, Am. Geopyhs. Union, Geohys. Monogr., 37,
209-216.

SOMERVILLE, P. « AL - BHEMS « SHiFH - A
B #-RR £, 1993 MEBNEOTXHEMED
TERHORN, ¥ 22 AHIBETFHAERKSHHM
ZE4H 291-294,

LEMIERAANAEEATMRRAAERAS, 1997, 6
AOHEBER-HERMES o R HUEN 0K, 391

PP.

BNz, 1990, 8AFIGE L FZOFEMIKICET 5
EBRMBO</=F2— FELHEBE— 2 v+ OB,
I 2, 43, 257-265.

BAHEZ, 1996, & T ¥ TRRAX hich RRERERHME
OEFRBEZD1: B4 v -V s VILLBEER,
BAHBF2BIETRE, No. 2, A49.

Rz, 1997, BE VII 0TIk T: ETE - #
THiE - BEECBET A HAASROER, BXE%
FLo 25 BTSSR VY 4, 69-86.

BAHEZ « 3HE - ARIE, 1998, BHIGLIROARREE
ERHMBOHED o R AR ORE—RE VI 0F
H54, I 2, 50, 485-505.

Taxeo, M., 1988, Rupture process of the 1980 Izu-
Hanto-Toho-Oki earthquake deduced from strong
motion seismograms, Bull. Seism. Soc. Am., 78,
1074-1091.

FEERER, 1996, FEAAHETHREE (YFZETIR
416-1995), HFEAFHRE, 493 pp.

FiEs, 1982, BAFHLIDO M 6.0 M EOMIESL X Utk
FHE o &K 1885-1980 £, MFEGFHM, 57, 401-



226 B & % Z

463.

WEeLLs, D.L. and K. ]J. CoppErRsMITH, 1994, New em-
pirical relationships among magnitude, rupture
length, rupture width, rupture area, and surface
displacement, Bull. Seism. Soc. Am., 84, 974-1002.

Yamanaka, Y. and K. SHimMazaki, 1990, Scaling rela-
tionship between the number of aftershocks and
the size of the main shock, J. Phys. Earth, 38, 305~
324.



BAFIEiIc B 2HBRAMBOR Yy — ) v TR LT

227

Appendix. List of the Japanese inland intraplate events with M =5.8 from 1885 to 1995. Numerals in

column of remarks show the damage rank defined by Utsu (1982).

Date Location long."E Lat."N |Dep.km{ M Remarks
1885. 3/20 | E. Yamanashi 139 35.5 Vs 6 0
1887.1/15 | C. Kanagawa 139.3 35.5% Vs 6.2 |2
1888. 4/29 C. Tochigi 140. 0 36. 6 vs 6.0 1
1889. 2/18 | E. Kanagawa 139.7 35.5 vs 6.0 1

5/12 | S¥.Gifu 136.8 35.4 Vs 5.9 |1
7/28 | E. Kumamoto 130.7 32.8 Vs 6.3 |4
1890. 1/17 N. Nagano 138.0 36.5 Vs 6.2 |2
1891.10/16 | E. Oita 131.8 33.2 vs 6.3 |2
10/28 | E.Gifu 136. 6 35. 6 Vs 8.0 6 Nobi
10/28 | E. Gifu 136.5 35.5 ' 6.0
10/30 | E.Gifu 136.5 35.5 Vs 6.0
12/24 | SE. Yamanashi 138.9 35.4 vs 6.5 |2
1892. 9/1 C.Gifu 137.0 35.17 Vs 6. 1 1
1894.1/4 S. Kagoshima 130.5 31.4 Vs 6.3 |2
1/10 S¥. Gifu 136. 7 35. 4 vs 6.3 2
8/8 E. Kumamoto 131.0 32.8 Vs 6.3 |2
10/22 | N¥. Yamagata 139.9 38.9 ] 7.0 |5 Shonai
1895.8/27 | E. Kumamoto 131.0 32.8 vs 6.3 |2
1896. 8/31 E. Akita 140. 7 39.6 vs 6. 4
8/31 | E.Akita 140.7 39.5 Vs 7.2 |5 Rikuu
1898. 4/3 S¥. Yamanashi 138.4 35.4 vs 5.9 |2
5/28 S.Niigata 138. 9 37.0 vs 6.1 2
8/10 | ¥. Fukuoka 130.2 33.6 Vs 6.0 |2
8/12 | ¥W. Fukuoka 130.2 33.6 Vs 5.8 |1
1900. 3/22 C. Fukui 136. 2 35. 8 Vs 5.8 3
5/12 N. Miyagi 141. 1 38. 7 Vs 7.0 3 Miyagi-Hokubu
1904. 5/8 S.Niigata 138.9 37.1 Vs 6.1 2
6/6 E. Shimane 133.2 35.3 Vs 5.8 |
1906. 4/21 C.Gifu 137. 2 35. 9 vs 5.9 1
1908.12/28 | E. Yamanashi 138.7 35.6 Vs 5.8 1
1909. 8/14 | E. Shiga 136.3 35.4 Vs 6.8 |4 Anegawa
1914.1/12 | C.Kagoshima 130.6 31.6 Vs 7.1 | 4 Sakurajima
3/15 | S. Akita 14Q.4  39.5 Vs 7.1 |4 TUgosen
3/28 | S.Akita 140.4 39.2 Vs 6.1 |3
5/23 | E.Shimane 133.2 35.3 vs 5.8 1
1915. 6/20 | SE. Yamanashi 139.0 35.5 Vs 5.9 |1
1916.2/22 | V. Gunma 138.5 36.5 Vs 6.2 |3
3/6 E.Dita 131. 6 33.5 vs 6.1 1
12/29 | S. Kumamoto 130.9% 32.3 Vs 6.1 1
1917.5/18 | C. Shizuoka 138.1 35.0 Vs 6.3 |3
1918. 6/26 | W. Kanagawa 139.1 35. 4 vs 6.3 1
11/11 | N. Nagano 137. 9 36.5 vs 6.1
11/11 | N. Nagano 137.9  36.5 Vs 6.5 |3 Omachi
1919.11/1 | N.Hiroshima 132.9 34.8 Vs 58 |1
1925.5/23 N. Hyogo 134. 8 35.6 vs 6.8 5 Kita-Tajima
5/26 | N.Hyogo 134.8 35.6 vs 6.3
1926. 8/3 C.Chiba 140. 00 35. 25 20 6.3 1
1927. 3/7 N.Kyoto 135.15 35.53 0 7.3 | 6 Kita-Tango
3/1 N. Kyoto 135.28 35.65 0 6.3
3/8 N. Kyoto 135. 08 35.60 0 6.0
4/1 N. Kyoto 135.17 35.65 0 6.5

vs:very shallow [Utsu(1982)]
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Appendix. (Continued).
Date Location long."E Lat."N { Dep. kn Remarks
1929. 7/21 E. Yamanashi 139. 07 35.52 0 6.3 1
1930.10/17 ) S. Ishikawa 136. 28 36.30 0 6.3 |2
11/26 | E. Shizuoka 139. 05 35.08 0 7.3 |5 Kita-Izu
12/20 | N.Hiroshima 132.8 34.9 0 6.1 2
1931.6/17 C. Tokyo 139.40 35.177 0 6.3 0
9/16 | SE. Yamanashi 139.02 35.52 0 6.3 (0
9/21 | VW. Saitama 139.23 36.15 0 6.9 |3 Nishi-Saitama
11/4 E. Iwvale 141. 7 39.5 10 6.5 1
1933.10/4 |[S.Niigata 138.82 37.28 0 6.1 1
1934.8/18 | C.Gifu 137.02 35.63 0 6.3 |2
1935.7/11 | C.Shizuoka 138.42 34.97 10 6.4 |3
1936.2/21 | NV. Nara 135.72 34.58 0 6.4 |3
1938.5/29 | N. Kushiro 144,45 43.55 0 6.1 3 Kussharo
1939.5/1 Off Akita 139.52 40.13 0 6.8 4 (Qga
1941.7/15 | N. Nagano 138.23 36.72 0 6.1 3
1943. 3/4 E. Tottori 134.22 35.43 0 6.2 |3
3/5 E.Tottori 134.22 35.50 0 6.2
8/12 S. Fukushima 139.92 37.32 0 6. 2 1
9/10 | E.Tottori 134.08 35.52 0 7.2 |5 Tottori
9/11 C. Tottori 133. 85 35.38 0 6. 2
10/13 | N. Nagano 138. 08 36.77 0 9.9 3
1945.1/13 | S. Aichi 137.07 34.68 0 6.8 [5 Mikawa
1/16 C.Aichi 137.03 35.05 10 6.3
1948. 6/15 SE. Wakayama 135. 40 33.7% 10 6. 7 3 Tanabe
6/28 | N. Fukui 136. 20 36.17 0 7.1 6 Fukui .
1949.1/20 | N. Hyogo 134.53 35.62 0 6.3 |1
12/26 | C. Tochigi 139. 60 36. 65 0 6.2
12/26 | C. Tochigi 139.7 36. 7 0 6.4 |3
1955. 7/27 | S. Tokushima 134.32 33.73 10 6.4 |2
10/19 | N. Akita 140. 18 40. 27 0 5.9 3 Akita-Hokubu
1956. 9/30 | S. Miyagi 140. 62 37.97 20 6.0 |2
1959.1/31 | N. Kushiro 144. 4  43.35 0 6.3 |2 Teshikaga
1/31 N. Kushiro 144. 48 43. 43 20 6.1
1961.5/17 ¥. Hyogo 134.42 35.10 Vs 5.9 1
8/19 E. Fukui 136.77 36.02 0 7.0 3 Kita-Mino
1962. 4/30 N. Miyagi 141.13 38.73 0 6.5 3
1967.11/4 N. Kushiro 144. 27 43. 48 20 6.5 2
1968. 2/21 N. Kagoshima 130. 72 32. 02 0 6.1 3
1969. 9/9 C.Gifu 137.07 35.178 0 6.6 2 Gifu-Chubu
1970.10/16 | SE. Akita 140. 75 39.20 0 6.2 2
1972, 8/31 C. Fukui 136. 77 35. 88 10 6.0 0
1974.5/9 Tzu, Shizuoka 138. 80 34. 97 10 6.9 4 Izu-Hanto-Oki
1975.1/23 E. Kumamoto 131.13 33.00 0 6.1 3
4/21 C.0ita 131. 33 33.13 0 6.4 3
1978.1/14 | N. Izu-Oshima 139. 25 34.77 0 7.0 4 lzu Oshima
1/15 fzu, Shizuoka 138.88 34.83 20 5.8 |3
6/4 C. Shimane 132.70 35.08 0 6.1 |2
1984. 9/14 ¥. Nagano 137. 55 35. 82 2 6.8 3 Nagano-Seibu
8/15 ¥. Nagano 137. 47 35.18 6 6. 2
1986.12/30 | N. Nagano 137.92 36.63 3 5.9 2
1991. 8/28 V. Tottori 133.18 35.32 13 5.9 1
1995. 1/17 S. Hyogo 135. 04 - 34. 59 18 7.2 6 Hyogo-Nanbu

vs:very shallow [Utsu(1982)]




