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Magnitude and Recurrence Interval of Earthquakes from a Fault
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Earthquake Research Institute, University of Tokyo
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The recurrence interval (R) of earthquakes from a given fault-segment ig related to
the long-term slip-rate (S) and the displacement accompanying an earthquake (D). The
relation is expressed as B = D/S[WaLLACE (1970)], when aseismic fault creep is disregarded.
D has a relation with the earthquake magnitude M as log D(meter) =0.6 M—4.0 for Japanese
inland earthquakes. Then, the relation B to M is expressed as log R=0.6 M—4.0-log S.

It is proposed here that a given fault-segment has a constant value in D through
time during late Quaternary period. Values D and M may be different between different
faults or segments, but there is a proper value Dy or M, for a given fault or its segment.
Historie records on Japanese earthquakes seem consistent with this assumption. Dy or M
is obtained from data of historic earthquakes or from a unit offset of geologic references.

Fault length L is proportional to a dimension of strain domain, and it represents the
maximum magnitude from the fault. The relation of L to earthquake magnitude M is
log L (kilometer) = 0.6 M—2.9 for Japanese inland earthquakes. Then, maximum magnitude
M, from a fault is expressed as M. = (1/0.6) log L+4.85.

When a given fault or its segment has no earthquake during at least ¢ years up to
the present, the accumulated earthquake energy during t years is expressed as M, = (1/0.6)
log (¢-S)+6.67.

Thus, a probable maximum magnitude Mu,: from a given fault or its segment is
expressed as M;< Mu..<M,;. Examples of the above procedure and its result are described.
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Fig. 1. Magnitude-fault dimension relation and magnitude-displacement relation in
historic earthquakes in Japan (inland). O: values observed on the surface. ®:
values estimated from seismological or geodetic data. For data, see Table 1.
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Table 1. Earthquake magnitude, fault length and fault displacement in
historic earthquakes in Japan (inland).

Earthquake Fault
i Length | Displacement l
Year Location M Name (km) (m) Ref* Aok
1891 | Nobi 8.4 (7.9) Ntiodani, 80 8 1) (@)
ete.
1894 | Shonai 7.3 (6.8) | Yadarezawa 10 1 2) O
1896 | Riku-U 7.8 (7.0) | Senya 60 8 2) (@]
Kawafune 15 2
1927 | Tango 1.5 Gtomura, 18 2.5 2) @]
ete.
Yamada 7.5 0.8
L=22
7.7% 35 8 3) ]
1930 | N-Izu 7.0 T;:nna, 30 8.3 2) 0
ete.
Himenoyu 6 1.2
L=382
1931 | W-Saitama 7.0 20 1 4) ®
1943 | Tottori 7.4 Shikano 8 1.5 2) @)
Yoshioka 4,5 0.9
L=12
' 33 2.5 8) o
1945 | Mikawa 7.1 Fukozu 9 2 2) o
Yokosuka 7 0.6 5)
L=20
12 2.2 6) ®
48 | Fukui 1.3 - 25 2.3 2 @)
19 e 30 25 3 ®
1961 | N-Mino 7.0 Koike- 12 2.5 n (-]
Hatogayu
1963 Echizen- 6.9 20 0.6 i 4) (-]
misaki !
iigat 7.8 9 8) O
1964 | Niigata 78 100 : 5 o
1969 | C-Gifu 6.6 23 0.7 10) 4
1970 | S-Akita - 6.2 14 0.65 11) L]

Gothic figures are used in Fig. 1.
« Reference: 1) MATSUDA (1974a), 2) YoONEEURA (1972), 3) KANAMORI (1973), 4) AsE (1974),
5) INouE (1950), 6) ANDO (1974), 7) KAWASAKI (1975), 8) Moer, et al. (1964), 9) AxI (1966),
10) Mixuro (1973), 11) MIRUMO (1978).
#% O: values of surface faulting, @: values obtained from gseismological or geodetic data.
log L =1.82 M—17.99 [IpA (1966), £itt5F] (1)
log L =0.6 M—2.9 [Fig. 1la oBiR, BHRPEE] (2)
AR CIIAARROBERBLYRSLTHOT @) RE¥AVE. () RO M DREEEHE
it Fig. 1a 26 M 8 O#@<ix L=80km, M 7 Tit L=20km ELTHRDI-DDTH

% (Fig. 1a oBRciy), L oOffixfeko i kot 1 SO HIBT 2 oD iBIETE
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BEOX LD log2r=0.51 M—1.97 (5)

Chiet LT, MBROES L #20RIRo BEBOER 2r LA LFKD, 27

& M oBGix @) R&h,
log2r=1log L=0.6 M—2.9 (6)
Fig. 2 BEBD Db &R0 M
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Fig. 2. Dimension of strain domain 27 and
earthquake magnitude M. BLEZDN, TOF=FAF-H1[E

1) log2r = 0.51 M-1.97 after DaM- DHEL L TR SRS &R,

BARA (1966), (2) log2» = 0.6 M~2.0 after
Ursu (1869), (3) log2r = 0.5 M—2,1after
Tsusor (1956), (4) log2+r =1logL =0.6
M-2.9 after Fig. 1a.
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Fig. 3. Types of faulting in mode of strain release. (a): “total release type”, (b) and
(c): “partial release type”. (a) Nobi fault system, Gifu Prefecture, (b) Aizu fault
system, Fukushima Prefecture, (¢) Fukushima fault system, Fukushima Prefecture.
A broken circle represents a fault strain domain of the fault system, of which
size corresponds to the fault dimension. A solid line circle represents a released
strain domain during a historic earthquake, of which size corresponds to the
earthquake magnitude,

e oTHEEncRBIhE, LicaioT, B L OERCEVT, 6) Anb6EDS
hathBO= =252 —F (M, £T3) ik, TOBRHOEULEIHMBORBOEKEY

Hler b, Tiehd, M. & L OBk 6) b,
M, = (1/0.6)log L+4.85 (7)
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Fig. 3 &, =% #—-0—ERHAMBRO G L5 UEHBKERD fivTT BREKE
% (Fig. 8a) REFAMBRTILED F1 A vPa vHLEEShE M, ($hFh M 8.0,
MT7.7) CREBECELUICHBO< =F2—~F (FhFfh MT7.9 & MT7.5) LaRgESslL
WOT, Zhbid=dr¥-0—ERHROKBRTHS. LEHER (Fig. 3b) CEANE
F (Fig. 3c) CRERCELCHBIKHY LIS LTHEE U T Y, FroBaEl,
x0&R L hofifshs My LOERRADPE, LicptoT, ThbolBRas skt
HoOBITH 5.
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HEOTEEIREERE (FEENEES L Xs) BRI LRRDLITLTRDHAT
Vw3, BiBRE X TEORUTHOT—ETHOMER « i - ATWlel BEEEEL
5) #EBCLT, TALOEENHREATHOEECES  COMBEMOLELE &
f1 =2 b ALOR) BEB, KE, TOEMNEYEORBEEOHRF L LBE E TO FKH
(ER) THBLEOMEN, TOMONBERHOFHENRETHS. BAOEBC TS
EOHRC LB E, T EIFEMR Lz oPicovTuniE, HELEOoT ST
BISEMEHL CEOTMBEL AR 0TV 3 ok TS8R, WHEIINE, SREd

Table 2. Classification of Quaternary faults based on the long-term
rate of fault displacement.

Long-term rate of faulting
Class S (mx10-2 yrs) Examples

A . 1<8<10 Median Tectonic Line
Atera fault?
Tanna fault®

B 0.1<S<1 Fukushima fault?

. . Fukaya fault®
c 0.01<§<0.1 Fukozu fault®

For faults of S=>10m/10® yr, class AA, AAA,....may be used. For §<
0.0l m/10®yr, D, E,....may be used.

H Ogapa (1973), ? Svcinura and MaTsupa (1965), » See MATSUDA and
OrADA (1968), ¥ MaTsupa (1973), ® MaTsupa (1974b), ® OERADA (personal
communication),
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LEBO LS L TRDONAFEHEEAEE R Table 2 WRT L 5CHBC LIoTAER
o T5. BRARRDOE LROERE T2t OFHERERE S=1~10m/10° £ LT
VAP, 0 110~1/100 BEDCELES $BFET 5. FEl, FHEMEE S 2 10° 4
wo& 1m Lk 10m ko bOXAHFLL, =0 110, 1100 DL 0¥ FhEhBG, C
Betn,
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SEROEMBEBNIATE CRDA & 5 IoPSEFE S €, LFLIoRCETLTV2H
FCikiev, A USSR EEEY L oERIB TH o CABBEMLOBRII KD & 5 vl
ORDBENELBRB,

a) Fig. 4(a) O L5 etiBRC RBICERL L, PEBICEMLERV O CHEENELE

7T — R >

— ¢

(d) (e) R= D/(S-C)

Fig. 4. Time-displacement diagrams showing various mode of fault displacement at a
given fault segment. (a) intermittent fault displacement (earthquake type), (b)
continous and intermittent fault displacement (creep-earthquake type or mixed
type), (c) continous fault displacement (creep type). Types (d) and (e) are
unlikely to exist. For the inset, S: long-term slip rate of faulting, C: tectonic creep
rate, D: displacement accompanying an earthquake, R: recurrence interval of
the earthquake.



276 ® B

W
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b) Fig. 4(b) Ok 5B O BBICEMDOEMT, FEBICLFH LA UHRDOELEH
ETT500 (- 7 ) — 7 BEHEIEEL.

¢) Fig. 4(c) DX 5HBYH SBHALEL LT TRPHERICR 2 IZ BIBERAERFLT
WELO (79~ FTHETEEER).

COEMI, Fig. 4 O (d) ® () DX S RENARIELBANEETINE S TFbL
v, () GEEEOR |G 2 o0 [ME L oT ST Y S I THETHHT, B
HBRSYHERLYBE L COTENR VML LRK LA, 0L 5 REIOHFERE
ETHH, BROCEE LT, M YEED L5 IcREEA B Ulc b LT RN TEDIE
Tie @~ DL3EEO2THWETHAS, 7+ LV T7EE (tA2) BECKIERMAYE
TEEOH 30 £ SBOMBS BHENCRE XZLT-DT, =0 (d) OBKITL TV B2,
HRREEOBLTOLUCBHLTRY, 120FFEMC VTV E, TOFMERE
(@) ik (b) THHT, (d) Tikfevr, BEY &5 B RBORARAE THEBERBO BB
e D THMOEHAZ bt [AMBRASEYS and ZAToPEK (1969)] 2%, Th¥ (d) BLA%
TLITER, ¥ (@) COoWTLRBTH S, ok W EEENBCH S FPRO L TE
Bt (e) mflTv54%, MBERTFHCEBESATWT, £0HIEBEERIO MBS
ZAEL, ERRL OB ERORRER 1 BObhicLELLRSD. Lia>T, BK
HCit3 5Bt SEETHS (@) O L5 THOoTLEBECOMBALL @) Bk (b
THHrEBbh%.

1oOKBRTH EDOBHRM I LCEMBRNRAO T 2 BASAH R T 55
[ALLEN (1968)], <7< &% H Kﬁ@oﬁﬁﬁ@iﬁﬁﬂm BRATWBBRITRC(@ DLS%
Bt REOIIHERY o LD THS.
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BC kD & 5 TcBdtRh H B [WALLACE (1970)].
R =D/S—0) | (8)
D i3 1 E0HEICEE 5 BB R, CTrD 7 ) — /EMBEMEE THS, BEARED
BE C=0 THELLUTER T 8 ROodb itk ¥ AL 5.
R=DIS (9)
D i BoRE M LERLTV5, BELBORMC L5,
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log D=0.565 M—3.71
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Fig. 5. Earthquake magnitude M and recur-
log R=0.6 M—4.0—logS (12) rence interval R for various values of
Fig. 5 (2o OBIER S ot § © long-term slip rate S.
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74— LHEEShic (WALLACE (1968)]. ¥ AN —T7 v FROIALF 425+ 75/ A0
BOWNB CIEXRRERES T v A OSEOEMENRH 2m ¥ il F0 BRETH O
Enb, # 2m RCOWEXBORMEMETHS EELLAL [RE - i1 (1971)],
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MED X S LTHEShA: Dy ¥k M, 28T (9) REiid (12) Ko kHbh
T-HR O B EL RS & 5 HBOMENRE IF—K L TWvW 284, ERoRFLE
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Lieh EFMHE (A.D. 841 & 1930) DR L FEML TV 3.

LiL, SOL3kF =y 7 OERNE L BRES L Bty (BEREeTs
BACEEEFELEThiY), 02 20ERMEEEORBROM L KMy o4& Ui “H
BB’ Ciied T, BV A5 ADBEBRM N HA Ul “HEHE" OBFRICH B stk
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FEBRHMBOKMBR CE—RMTORBRE @EHK) *BOKMOLh e EEFHFCRAL
DT, B0 A S MBRMIEOV THEY RE SR BTSNV, £OBE, () 2 (12)
A258B6h2 B (xEEMBRCH 5 —EOMBROBRMY 5 HT L0 THHT, B
D& SWIBEM TSV CRET 5 2 DORBOREMBY H123 bOTRAL, ok xif
KE 12 FOBIRME L TRk 16 £OMFARLIAL b 5 THBOBED & 5 KHAL R LIH
BB CTHOT, AUHBRMTL VX Shic BB TR 2 bh 5 [BE.
974)]. YL DFXMELFIERER (H5\ik THRE) BIZ0RO B Tk - XE
IR HIER & 2 BBIRTH DT, Slickd24Enid s, BES (1974) X3 &, TTHKES
RHBOthitk L& R=1000 £TH 5,

0 X S CHBRMOETCILEEDMBERN,D M, ¥k D, ¥ BEICHET 3@,
ZORBICHS LI BRMOM By BET 5 LEF S5, TOEKTH BLHERH © 1
 « MEEHRBRNOTENLE LS.

§8. HMMOBAMBERELAYN— 23 Dz

ER B b RT A HBOSME - BMOREIXARED & 512, ZOWEOTHIREE S &
B D ¥ MALEAH B, LALBERTIE D, BlvoTCLRBELS RES LR K
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RENBEFEZDO S OWB=F L ¥ ~i% (1) RT L=L; L Lick &0 My THHHIA S,
L BE—0FEREE (=HRER) THah, W oh0Fhrs L ATHENE ROTDH
B4k, L #BE—0BBEHBRMEAL L TROBAIEBRDO My XKW L bRETS
WED~=Fa—~ FOEBEHILHLTVE,

—%, &0 L; OXEHGEE & ER - LrCBRELLRERLcETHE, £0 HM
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M, = (1/0.6) log (t-S)+6.67 (18)

Fig. 6 © B % ¢ L ThIRARZ EROBGRYRTIOTH S,

M, 3REF CEEALCRIERAEAMRCELO R B3 L ¥ -t Y T 255,
ZOWBRMIOREFCIH Z 500 LAKWHBBORAD 7/ =F 2~ F Muax Db PX
W, =, My 3 ERD LS Muu: TELVA, LHKREWDT, M, Mu.., M, OBFE
RO L5 THB, |

M < Muux<$M, .4
DL ST Muux WRIET 3 Dnuxy Boex RERFR (11) $ LT (12) Kb RDLA
5. '

feds, TOMREM TR bxbhic=X ¥ —3U3lE Baw: ORMT Fig. 4 0@ DX
5O Ih YT 5L, ExOMBOFBL Maw: & HRRNELRY, MBEUITELL
Wit s, Z0 X5 R VRO X 5 C—EEBtCKL.

U, 2 - 3oEM@cRALrRT.

shRigER—PREER (Fig. 6) (XHEESH - FMTHREEEPEL B L CATHOE
frx o33 Tn5b, TOTEEREE L S=56~10m/10° £TH5 [MEABE (1973)], <
OB BRI L O FICE ClcE i BER B L O RAERMCE #fs (Fig. 6 DA 2 C

A 8 c

Mmax 7 8 7
R(yr) 2x10® 1-3x10° 2x10°

Fig. 6. Areas of contrasting seismic behavior along the Median Tectonic Line.
Solid eircles indicate historic earthquakes in the area along the Median
Tectonic Line. Note segment B has no historic great earthquake in 10%yrs
or more. Mg.c: Probable maximum magnitude, R: the recurrence interval.
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Table 3. Probable maximum magnitudes (Mn..) and the recurrence intervals
(Rmex) for some Quaternary faults,

Fault System [S(mx10~2yrs)| L km| M, My*(A.D.) Mt yrs) | Muox | Bumex yI8
Kita-Izu 2 35| 7.4|7.0(841), 7.0(1930)| 6.3( 45)| 7 800
" Riku-U 0.5~1 501 7.77.5(1896) ~6.2( 79} 7.5 |3200~6300
Nobi bt 80 8.0|7.9( 745), 7.9(1891)| 6.7( 84) 8 1300
Atera 5 60| 7.8|— 7.7(800)] 8 1800
Median T.L. .
central seg. 5~10 200 [ 8.7 | — 7.8~8.3 8+ {1000~3300
(1000)
western seg. 5~10 200 | 8.7 |6.9(1596), 7.1(1649) 7 160~320%*
el s2m
Aizu 0.5+ 55| 7.8 16.7(1433), 6.9(1611) 7 3200+
Fukushima 0.5+ 45| 7.6 |6.6(1731), 6.1(1956) 7 3200%*

* M, = magnitude of historic earthquakes.
# These fault systems consist of several segments of contrasting behavior (“partial release
type”), so that these figures indicate recurrence intervals for a largest segment. See text.

DR KHEBLTWT, FRE (BiK) it - OB ERCEEBRT 5 £ Bbh 3 R
RELTWiL, hRESKRCHRS 7Y - THEOERIBHL A\ [HE (1973)) o T, <
ol Fig. 4 © (a) 054 7TH 5,

¥4, BEBombhToiwbBHIRKKESWTHE L 3. Biﬁzl&ﬂiﬁt@z{ﬁzm&uﬁﬁ
DR CY ERZEIC X 5 & 1860 £ B.P. X b#LL [ME (1973)], BEERCLS
L7 1000 £ 1 DL, HMBEEHR ¢ % 1000 £ LEBO~/=2F 2~ FLLT 1) X
rh M.=8.8(1.8) ##B5. ¥7-BHEKOKMEERH 200km THHML (1) RXH M,
=8.7, UlptoTBHKTD Mayx 13 8.3(7.8) <Mpyz<8.7, Ra.: ik (12) Kb 960
(960) 42 < Rona <1660 (3320)4F, LA EDIEWPIS ORI EhEH S=10m/10° &, §=5
m/10° £+ Li-BnfETHs. M 8.7 omBEirE L wOT, RECiIo BHRREL
Q oM DMENERMENS EhTWT, ThERNL M 8 HOXMBIEHECLET 5 T
Hehidh B,

LLEOREND, hREEEERE (BK) & M8 oifty 1000 4£~3300 EBED
BB TR i EENC RE X A EEY I OTVWHEELLRS.

ke, ERMEDSSAMKEOWTELS, AIKO M, 3 L=200km LT M,=
8.7 iir Bt BEOEFHED </ =F2—F M, 2\Fhd M7 BETHS (Tabled).
co M,=T 535 Ln 12 (2) Rard 20km BETHHH55, L=200km O AMK
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RIESHOMBHBEMMNS ThTWBLELLRD (XD n % L/Ly 26 10 fiIh),
LichinT, M=M,=T, S=10m(5m)/10* £ LT (12) A2 H8B6h5 R =160(320)
FERFO{ZADHMENBRECOREAMTHOTC, AKLGBTOMERE D EHMHFILC
hivphEw (S ATV AHENBEBOE L n tThiEn s LiTies), ABKETE
b h TV A ERMBOREMBIAM N EBML TV 50254, £ LBOEE
HX b IERHBOREUID LV ASB, HETXSOEYBHX TOEEFE L L LI,
A3 = ORFBROREICE VDT, LY/ &ic S 2BV BXERDN S Ly,
ERNER—ESM BRI ESILTERC S YNBC, TOFH ELEE 0.1~1
m/10° &£ (BH) TH5 1@ (1973)]. COEBR»LALULLELHEL2652T, Tth
Zh M 6.6 (1731 %) % X0 M 6.1 (1956 £EEAME) THok, LWTFhHRRIAZ OB
BROLHcH 5 (Fig. 3c). ZOMBROLE L=4km, (T) X2 bXKbDEhDEH
Bz M, =1.6 TH5., ZhixFEECE CABERMRORME BT Lik>TWT, OB
BRNR=FA ¥ -DOFHBEHE TS Z LZARL T3,

 OEEROE L HEEEEM THoCTEORME L it Bkm, ThCRET s 0\
gt () Rry My=172 ¢ths. —F, SOKBROFEEMEE (B) % 0.6 m/10°
1L, BEXTORMUBTEMM ¢ % 800 T2, ThicHitT 2HRAK M,
(13) ®po M 5.8 THB. LicAtoT, SOBBREHKELET 5RO RKHRM
BB Mo, 12 5.8<M.<T7.2 THB, SOLS5RFIE M T HZOBBROKKIERF
HBEMTHY, FORBAMT (12) RhbH 3200 £TH5. LTORERTL = OMER
DEFEMTH 5.

Table 8 &= DEMETOMBRICOWT, FOSEAMGLRALE COMBERMERLL.

§9. H LD & ,
Wi & R OBARIC OV T 1 o0FEx Fr R L., THOEBHHEERILTOE L ¥ BT
T 37 R LI b D TH T, HAOWBFMOKAEL Tit, TOREDTEHKIZOWT
+HERTILEND B,
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