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Magnitude and Recurrence Interval of Earthquakes from a Fault

Tokihiko MATSUDA

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 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 cxpressed as log B=0.6M~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 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 I 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 (t-S)+6.67.

Thus, a probable maximum magnitude My.x 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
. 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) @)
1896 Riku-U 7.5 (7.0) | Senya 60 3 2) O
Kawafune 15 2
1927 | Tango 7.5 Gomura, 18 2.6 2) O
ete.
Yamada, 7.5 0.8
L=22
7.7 35 3 3) @
1930 N-Izu 7.0 Tf.nna, 30 3.8 2) O
ete.
Himenoyu 6 1.2
L=382
1931 | W-Saitama 7.0 20 1 4) é
1943 | Tottori 7.4 Shikano 8 1.5 2) @)
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 ) @
Hatogayu
1963 Echizen- 6.9 20 0.6 4) - ]
misaki
1964 Niigata 7.5 9 8) O
4 100 4 9) [ ]
1969 | C-Gifu 6.6 23 0.7 10) @
1970 | S-Akita 6.2 14 0,66 11) @

Gothic figures are used in Fig. 1.
# Reference: 1) MATSUDA (1974a), 2) YONEKURA {1972), 3) Kawamor (1973),
5) Inour (1950), 6) ANDo (1974), 7) KAWASAKI (1975), 8) Moci, et al. (1964), 9) AxXI (1966),
10) Miguno (1978), 11) Mikuno (1973).
w O: values of surface faulting, @: values obtained from seismological or geodetic datsa.

FETIRAAABROBEHMEBENSGLTHOT @) REAV2.

log L =1.82 M—7.99 [IIDA 1965), £itR]
log L = 0.6 M—2.9 [Fig. 1la OBfE, HARNE]

4) ABg (1974),

(1)
(2)

@ Ko M OfREEEH

i3 Fig. 1a 75 M 8 OB L=80km, M 7 Ti2 L =20km & LTHEDIHDTH
7 (Fig. la OBHGHEY), L OFRAEkOXHRIC k27, 1oDHET 2 >DMERE
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Fig. 2. Dimension of strain domain 2+ and R ‘ . .
earthquake magnitude M. HEEZDLN, TOBExHFALF-N1[E
(1) log2r = 0.51 M—1.97 after Dam- OHEL LTI XD & 3B,

BARA (1966), (2) log 27 = 0.5 M—2.0after
Ursv (1969), (8) log 27 = 0.5 M—2.1after
Tsusor (1956), (4) log2+ =logL =0.6
M-2.9 after Fig. la,
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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, (c) 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.

LR IOTHEMCHRE YIRS, Lo, B L oliBRICEWT, 6) ArbEL
NAMEBO</=Fa—F (M, £T3) 1%, TOKBER» LA LB LMEORBEORKEY
Hicx b, Thpb, M, & L OBRL 6) Anb,

M, = (1/0.6) log L+4.85 (7)
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Fig. 8 IT, =44+ —~O—{ERHBHBROM LS LUBHEBKBRO i RS, BRENE
% (Fig. 3a) CERABBERTIILD F4 2 voa v b#EIhS M, (FhEh M 8.0,
M7 LEECAETCIHBO< S =Fa—F (FhFh M17.9 & MT7.5) LANITEL
WOT, CALIR=RLF -O—FERBEBEONMERTH S, LENER Fig. 3b) CELNE
K (Fig. 8e) TIIRBCA CtiBRIRREAY 2 L LTERE U TR D, ¥romEREl,
ToER L hpofiEEhs My XOBBINEG, LcpioT, ZhboMBRLS Sk
Hofiths,

§3. EMREOFHELEE

BT~ X D BRI L et hie G T ABEER L E 2 ok, L0BHEBO R
FOFEROEEREE, HE= 3~ OVHNHRBERCRIEL, TRl tolBOREE
BOESE WBOTEEMEE) LLThHbbhs, LT, KHEOFEREEL GE
BT OB DRET HHBORM E BEFE L OBCHIEL TV 5,

BB OFHRMECEE (FPHEMEES L IS) BT LERDO LS LTRDBAT
Vo, BiBRE X TEORAUTHr>T—HTHOLER - W - ATl & WiBEkEEs
5) REBZLT, ThHOEENHER SN THOLBELCES T COMBEMOLELE &
=27 P VOF) KB, KT, TOBMELZOMBEEEOCHBFEN, DEEE TO R
(FEH) TEB L L OEN, LTOMOKBEROTHEMEE THS, BEOEWBC TS
RROPFRC LB L, T LIFEURF L oBIicoVTuh 2, HBREOH &K
BEBMEAL CTEOBREL RS a2 T3 (Jo& 2SN EE, BEIwmB, hiks

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

Long-term rate of faulting

Class S (mx 10~ yrs) Examples
A 1<8<10 Median Tectonic Line®
Atera fault®
Tanna fault®
B 0.1<8<1 Fukushima fault®
Fukaya fault®
o} 0.01<5<0.1 Fukozu fault®

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

1 Orapa (1978), ? SuciMURA and MATSUDA (1965), ® See MaTSUDA and
OrADA (1968), # Marsupa (1973), ® MATsupA (1974b), ® ORADA (personal
communication).
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LTHEXT, BERCOERRER LIS EOEEG TEAY > ST TE e LEL bh s,
ERBO LS5 U TRD DI FEEAEREL Table 2 IWRTIHICMBIR I ST AELR
o T b, BARNEROSE 1ROENRE TIZTOREEMLEE L S=1~10m/10° FELT
WBH, O 110~1/100 BEOFEMB S LRFET 5. AL, FHEMEE S 2 10° 4
w2 1m HE 10m ko box Affe L, %o 1/10, 1/100 0O+ Eh Bk, C
et 5,

§4. FHBROEAAHR
HEOFEMEERI AN TRDI X 5 WPHEMEE S T, LTFLI2hRH#ETL T2
Iz, RUTPHEAEREMEY b oFEHIETH o CORIBELLOBRITIT KD X 5 7K
ONDBENEL bR A,
a) Fig. 4(@) 00X > HWBEHCEBCEML, FEBTIEMA LWL hERNBEE

Te— R >

e 2 4

(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), (¢) 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.
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b) Fig. 4(b) D& 5 CHER O ZBATMOENIE, FHEHIC L Fh LR UHEO LR
T T2L0 WE- 7Y - FREUNIELEY.
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5.

SEBRBOMBERTI-KH TORERE ERR »HORMOTh & BEA TRV
DT, YA IMBREIEOWTHIEL RBE R DA HEEN o, TOHE, )% (12)
AnbBELhA B ILEERNBERCD 2 —BEOMBEHOBXRHY L HLTLOTHOT, B
D& SMIBXHTHOWTRAET 2 2 2OMBEORERBY Hicx O Tixiey, Lkl
AIE 12 FOBRMEL Tk 16 FOMTHMBIIEEF 7 7HBOB Y & XML LIHE
PEHETHST, FAULHERM T Dax IhiAETIRVEE 2 b h 5 [BE - b
(1974)]. L LZOFEXZHNEUTIEKRIER (b 5\ 0k TREE) BIRMED Bl TRk - KIE
Mo RER & XEBHRTH LT, BlcRDAHNENH A, BHEL (1974) wizk, THkE
FHEOFThER I T R=1000 £TH 3,

O XS CHRAMOHECLAEDOHEEN»D My k70t D & B FHET 5 i30T,
OB L BRBOMBEYRET 2 LEND S, TOERTY BLMEER < #
¥ - WEENMEEHORRNE TN D,

§8. HBOBKMHFRRLAN— 23 0L

ERTES D R T A MBOBE  BHOEECEIRO L 51, FOMBOTHEMEES &
BTV E D #MaA0NERDS, LHLEARTE Dy Z0oThBEISRED EXRL K
V. DX 5 FHED, HERORAMGHRE L RERMO#HECOWTUTIRENS,
EBREOmO T HBXM WBZEARM) oRk&% L LT5L, RE L TR
EXNAEFERDO L OHE= AL F—1x (1) RNT L=L; LLickED My THELbERS.
Ly NE—OBMKEX (=HEGFE) THoh, WohDEhis ATHEME RMNTH
506, Ly #BE—0OWERBRE L 2L CRkDEhic bilo My, KM L bR 4T 5
HWEO~ 7 =Fa—FOEREHLHLL T 5,

~%, £0 L OXEMGEE & R CHBERE L LCEZAELIcLTHE, 0 HiFH
CERIAHB= A A F - OBIEAHRH & L LOMBOTHEMEE S ORNAEEL
Twa, Bt Kiclbabhic=Fx A ¥~ ~r=Fa—~F M, LT5E, M, 8 LS
DRI (12) R0 R % & L TRDOLI B, Tihbb,
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M, = (1/0.6) log (¢-S)+6.67 (18)

Fig. 5 © R % ¢t L THERRE EROBHEFRTIOTH S,
M, FZBEE TCREALICR/IMEERBRMCE L O h B = 2 4 ¥ BN T 5005,
ZTOBBERPLERC R Z 2205 LAV HBORARD < /'=F 2~ F Muu: LHH/PE

v, —F, My 3RO LS M RELWD, LHKREWDT, M, Mu, M, D%

ERD L 5 TH 5.
M < Muex <My (14)

CDX 5T Muux WRIET 2 Duery Buax 3THhEh (11) X0 (12) B RDL R
.
s, FOMRBEM TR barbhic=3 A ¥ —pURIE Rux ODBAHT Fig. 4 @) DX
IO I hAxToE, HrOMBORBL Mu. LYRRNPELIID, WBHITELL
Wit s, TOX 5k ) FXERO X S e—mERfTEL.

T, 2 - 3B CRAERT.
rhRigER—P AR (Fig. 6) XHEDE - B CIFEERIZE L TEThOXK

x> T35, TOFHEMEE S S=56~10m/10° £TH2 [MEKE (1973)]. =
OWBFRE L T B A CleE e ERMBRE L ORERmIAV-#o (Fig. 6 DAL C

200 km

A B c

Mmax 7 8 7
R yr) 2x10®  1-3x10° 2x10°

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. Mu.x: probable maximum magnitude, R: the recurrence interval.
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Table 3. Probable maximum magnitudes (Mn,,) and the recurrence intervals
(Bmex) for some Quaternary faults.

Fault System [S(mx10-3yrs) Lkm| M, M*(A.D.) My(tyrs) | Musx | Bmer yrs
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); 7.6 [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 84+ |1000~3300
(1000)
western seg. 5~10 200 1 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+ 451 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.

OHR) wESLTWT, FRE (BHK) il OMBRCEEBERT 5 L Bbhs B
e LTl RESBRR S 2 ) — THOBAIBHL i [HE (1973)] oT, &
oWiBix Fig. 4 © (@) &1 7 TH5,

3, ERMEOHL N TWWBHIKIC DWW TE 2 5. BHIRK CIRMBEA s 4 Urclil
DEMRE CH ERERIC X 5L 1860 &£ B.P. X bhHLL [MA (1973)], ERERC X2
L 1000 £ X by, MEZAMR ¢ & 1000 FL LD~ =F 2 ~F2 LT (13) R
rp M, =8.3(7.8) #8%. ¥-BHRKOKMERH 200km THB10 () RLd M
=8.7. LM >CBHETO My, i3 8.3(7.8) <Mnux<8.7, Ru,r i1 (12) Kb 960
(960) 4E < Rpm,» <1660 (3320) 4. Ll LOFERAAOKERLhEh S=10m/10° 4, S=5
m/10° 4L Li-BofETH 5, M 8.7 OEIFE L2 WO T, FERIL IO BHMRITXW
 OMOMERBREMNS FRTHT, Fhthnd M 8 RomBIEHEMCET 2 Wi
Wb s,

LLEDRE2E, sy (BX) 2 M=8 0% 1000 4£~3300 FREED
REfE CHAR ¥ A BB R S A HER Do TV B LB LD D,

K, BRHBOS 5 ABKCOWTELS, AMREDO Myt L=200km 21T M=
8.7 wir s, EEOFERWED < =Fa~F My, 3WThd M7 BETH5 (Table3),
D M, =7 et s Ly iz (2) b 20km BETHB20, L=20km ©AMKX
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CRESHOHMBHBXENL TATVW2LELOND (XD n (& L/IL, b 10 fiLh),

LichioT, M=M,=1, S=10m((Bm)/10°* £ LT (12) A»bESI 2 R =160(320)
FERLXDOEADOHENBRMTORERMTH o, ARLETOMERLED FHMRILC
hibpav (B EhTWIHBHBERBOH R n & TIndD 112ins), A MK TSE
Bbh T ERMWEBORERRIACHEARML TV AL\ 250, SV ERO#ETE
EX Y PEEWRBOREIV I E V2D, FETISOEYBHX TOMERLL L,
AL Z OB BRORIMGEVDT, L h/h&ie S #BLBEXRELLOont Ll

ERNEFR—EREENBRIBEAMERH 2UMET, TOFHELERET 0.1~1
m/10° &£ (BfR) TH5 [AE (1978)), ZOHBRILAECERBRIL2HHOT, Th
Fh M 6.6 (1781 ) X0 M 6.1 (196 FEARE) THok, WThIBERILZ O
BRodHcd s (Fig. 3¢). —OWBROLER L=4km, (7) XnbRDLI RS
B M,=17.6 THsH hIERCACLERMEORBLBRIC I Lie>TWwT, O
BANz I —OREIBRHBTHD Z EERL T3,

C OWEROE I MEEARM THoTEORME L 134 5km, FRICKHET 50
g (1) Xxh Mp=172 Th3, —F, ZOWBROTPHEMEE (BH) % 0.5m/10°
ELL, BEFTORDUEZRANE ¢t & 800 F£rT5L, ThCHIGTHHERE M, 1
(18) X2 M 5.8 TH%., LIia>T, IoOMBREHMEKELET 2MWBORAAR
A Mpwx 13 5.8< M <7.2 THB, ZOX5ERIE M T RZOMBROZKANS
WEHEETHD, FTORERT (12) Xhniy 3200 £THS. TOREBHIZOMBR
DEEHTH 5.

Table 3 12 Z DIMHETORBERIZOWT, TORAMMFUERE L tOmERMYRL L.

§9. H L H &

KB L EOBRIZOWT 1 o0E L HrRLE, Xho EARHEEEILEOE 2 ¥ BT
T AL RLIELDOTHOT, HAOMBREOERIEL T, TOREDOERCOWT
+HERTHILENRD D,

X ik

FIEREEAE, 1974, HURETEOEE), B, 44, 138-145,

Ax1, K., 1966, Generation and Propagation of G Waves from the Niigata Earthquake of
June 16, 1964, Part 2, Bull. Earthq. Res. Inst., 44, 73-88.

ALLEN, C.R., 1968, The Tectonic Environments of Seismically Active and Inactive Areas
along the San Andreas Fault System, Stanford Univ., Pub. Geol. Sei., 11, 70-82,

AMBRASEYS, N.N. and A. ZatoPEX, 1969, The Mudurnu Valley, West Anatolia, Turkey,
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Kanamor1, H., 1978, Mode of Strain Release Associated with Major Earthquakes in Japan,
Annual Review of Earth and Planetary Sciences, 1, 213-239,
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