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Magnitude and Recurrence Interval of Earthquakes from a Fault
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Earthquake Research Institute, University of Tokyo
(Received March 31, 1975)

The recurrence interval (R) of earthquakes from a given fault-segment is related to
the long-term slip-rate (S) and the displacement accompanying an earthquake (D). The
relation is expressed as R = 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 R to M is expressed as log B=0.6 M—4.0—1log 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 D, or M, for a given fault or its segment.
Historic records on Japanese earthquakes seem consistent with this assumption. D, 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 ¢ years is expressed as M, = (1/0.6)
log (¢-S)+6.67.

Thus, a probable maximum magnitude M.,y from a given fault or its segment is
expressed as M, < Mpn.x<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
: Length | Displacement
Year Location M Name (km) (m) Ref* *x
1891 Nobi 8.4 (7.9) | Neodani, 80 8 1) @]
ete.
1894 Shonai 7.3 (6.8) | Yadarezawa 10 1 2) O
1896 | Riku-U 7.5 (7.0) | Senya 60 3 2) O
Kawafune 15 2
1927 | Tango 7.5 Gomura, 18 2.5 2) - O
ete.
Yamada 7.5 0.8
L=22
7.7 35 3 3) [ ]
1930 | N-Izu 7.0 Tanna, 30 3.3 2) O
ete.
Himenoyu 6 1.2
L=32
1981 | W-Saitama 7.0 20 1 4) @
1943 | Tottori 7.4 Shikano 8 1.5 2) O
Yoshioka 4.5 0.9
L=12
33 2.5 3) [ ]
1945 | Mikawa 7.1 Fukozu 9 2 2) O
Yokosuka 7 0.6 5)
L=20
12 2.2 6) @
1948 | Fukui 7.3 25 2.3 2) O
30 2,5 3) @
1961 | N-Mino 7.0 Koike- 12 2.5 7 @
Hatogayu
1963 | Echizen- 6.9 20 0.6 4) @
misaki
1964 | Niigata 7.5 9 8) O
8 7.4 100 4 9) @
1969 | C-Gifu 6.6 23 0.7 10) [ ]
1970 | S-Akita - 6.2 14 0.65 11) [ ]

Gothic figures are used in Fig. 1.
# Reference: 1) MATSUDA (1974a), 2) YONERURA (1972), 8) KANAMORI (1973), 4) Asg (1974),
5) INoUE (1950), 6) ANDO (1974), 7) KawasaAkr (1975), 8) Moet, et al. (1964), 9) AxI1 (1966),
10) Mixumo (1978), 11) MiruMo (1978).
** (O: values of surface faulting, @: values obtained from seismological or geodetic data.
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Fig. 2. Dimension of strain domain 2+ and N . . L.
earthquake magnitude M. BEEZ B, FOBxRAF—511[H

(1) log2r = 0.51 M—-1.97 after DAM- .
BARA (1966), (2) log 27 = 0.5 M—2.0 after DHFEL L THRI SR D LEREIL.

Ursu (1969), (3) log27r = 0.5 M—2.1after 5 LM BRTEFDOE=AAF — 135D
Tsusor (1956), (4) log2r =1log L =0.6
M-2.9 after Fig. la. MoEM I Ll cDEYREXRS
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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.
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Table 2. Classification of Quaternary faults based on the long-term
rate of fault displacement.

Class Long—tgrr(x;nl;?]t‘g_%fyfs.)ultmg Examples
A 1<8<10 Median Tectonic LineV
Atera fault?
) Tanna fault®
B 0.1<S8<1 Fukushima fault?
Fukaya fault®
c 0.01<8<0.1 Fukozu fault®

For faults of S>10m/10° yr, class AA, AAA,....may be used. For §<
0.01 m/10*yr, D, E,....may be used. )

L Oxapa (1973), » SuciMURA and MATsUDA (1965), ® See MATSUDA and
OkaDA (1968), ¥ MATSUDA (1978), ® MAaTsupa (1974b), ® OkApPA (personal
communication).
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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, E: recurrence interval of
the earthquake.
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Fig. 6. Areas of contrasting seismic behavior along the Median Tectonic Line.
Solid circles indicate historic earthquakes in the area along the Median
Tectonic Line. Note segment B has no historic great earthquake in 10°yrs
or more. Mo.x: Probable maximum magnitude, R: the recurrence interval.




BB bRAET 5 HEBORME BilicownT 281

Table 3. Probable maximum magnitudes (Mma.z) and the recurrence intervals
‘ ,(Rm“) for some Quaternary faults.

Fault System |S(mx10-2yrs)| Lkm| M, M,*(A.D.) Mt yrs) | Mmex | Rmax yIS
Kita-Izu 2 35| 7.4 |7.0(841), 7.0(1930)| 6.3( 45)| 7 800
" Riku-U 0.5~1 50 | 7.7 17.5(1896) ~6.2(79)| 7.5 3200~6300
Nobi 5+ 80| 8.0|7.9( 745), 7.9(1891)] 6.7( 84)! 8 1300
Atera 5 60| 7.8 |— 7.7(800) 8 1300
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%*
7.0(1749), 6.9(1812)
7.0(1854), 6.4(1857)
Aizu 0.5+ 55 | 7.8 |6.7(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.
*% Thege 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,

OHR) hHLTNT, FRE (BHK) il 2 ORI ERCEEBIRT 5 L Bbh 5 HER
FEL T, PREERCRS 7V — o iBSb R [[EE (1973)] 0T, &
Ol Fig. 4 © (@) D1 7 TH 5,

F¥F, ERHEOMLNTWIWBHRIES>WTEL 5. BHRK CIHHIBEM E Uil
DEMRT C* FERERC L 5L 1860 £ B.P. X 0L [ME (1978)], EREARC I3
L9 1000 SE X b, HBZEAIR ¢ & 1000 EX LRD </ =F 2~ FELT (18) R
Eb M, =8.3(T.8) %85, #:BHEOKMERN 200kn Thomb (1) RLD My
=8.7, Lo TBHETO Muu & 8.3(7.8) <Muux<8.7. Ruux i3 (12) K5 960
(960) 4F < B, 1660 (3320)4F. Ll EOHEMAM ORIE ThTh §=10m/10° %, S=5
m/108 £ L LBsDETH D, M 8.7 OHERE 2 WO T, FEEI 0 BRIV
OPOHEMBRENSL ThTHT, Thihsb M 8 HoME I EHEMCET 5 T
Wb 5.

DEDREND, hRsEhes (BaK) 11 M8 oE% 1000 4£~3300 F£RED
RIFR CHR F BN R E IR 2 HEE IO TV B LEZILRS.

W, BERMEDH L AMKITOWTELS, ARD M, 13 L=200km L LT M,=
8.7 Tichd, BEEROBRMED < =Fa~F M, i3vThid M7 ZE<H5 (Table 3),
co My =T 5T 5 La 13 (2) F2vb 20km BETHBmE, L=200km O AKX
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CREBHOBBEMBEXENSL T TWBEE2LNRD (XD n & LIL, 75 10 fihs),

LD T, M=M,="7, S=10m(Bm)/10* £ LT (12) *»HBHh 5 R = 160(320)
FREOFADHBHBRM TORERAYTHOT, AMRLETOMERE D FHHRILC
REDPAI (B FRATVAHBHBREORLY v L ThEn 5o Licics), AWK TE
Bmbh W2 ERMBEORAMBIIRB IR EAML TV DLV 250, &0 LRoHE
EXH DELRBBOREFIV L2 5, FETXSOfYBHE TOMEEFUE Lic,
ARRKIL Z OWIBROFRMTEVDT, X h/h&ic S ¥ BV BXEROME LAk,

BRENER—RENMBRIEERMILTR S 2B T, *OFELFEE L 0.1~1
m/10° & (Bik) TH2 [EE (1973)]. ZOWERMLAEUCERMEI2HH>T, Tth
Xh M 6.6 (1781 4£) R XU M 6.1 (1956 FRABE) THotk. WIFRHEBERILIOH
BRoftificd s (Fig. 8¢). OMBROLERI L=45km, (7) XrbRDLIIHER
BII M, =76 Thsd ZhiIEERCEUCERMEORELAMICZ Lo TWT, Ol
BAR RN F - DSEBE TH D EHRL TS,

C OWBFROM LI HEEARM TH>TLORME L 1249 25km, ThICHET 508
g () KX My=17.2 TH5, —F, ZOWBROFAEMEE (BF) % 0.5m/10°
£LL, BEFTORMEZAEMN t » 800 £ 5L, FhICHET o HERE M, 12
(13) Kvb M 5.8 TH%, LiaoT, ZOWBREBRELLET EORALE
B Mu, 3 5.8<Muu<7.2 TH2, Z0X5CkIt M T RZOWBROGAIIH
WEHRETHY, TOBBRAMET (12) Xr by 8200 £TH%. TOREBIIZOMBER
DREEMTH 5.

Table 3 1= Z DERMETOMBRICOVT, TORKFIERE L COMBERMARL.

§9. H & H &

WL HEOBRIZ OV T I o0EZFHER LY, h0 BEMHEEEIRTOE 2 % HEC
T 5B RLELDTH T, BAD0HERMOERCEL T, FOREOERIZOWT
+oERETLLENRD D,
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