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After the 2011 Tohoku-oki megathrust earthquake, we have proposed a hypothesis on
the earthquake activity characterizing the distribution of earthquakes into Along-dip Double
Segmentation (ADDS) and Along-strike Single Segmentation (ASSS): The apparent absence of
earthquakes in the trench-ward segments as opposed to the Japan Island-ward segments that
generate repeated smaller earthquakes (ADDS), where the 2011 Tohoku-oki megathrust occurred.
In the mean time, a young and buoyant plate is subducting rapidly under the overriding plate
where there is weak seismic activity before the main event all over the plate interface of the
subduction zone (ASSS). The 1960 and 2010 Chile megathrusts occurred in ASSS. In and near
Japan, ADDS earthquake activity is restrictively found along the Pacific side of Hokkaido and
Tohoku regions and the Hyuganada, Kyushu. The rest of seismic activity near Japan is classified
into ASSS. We found a distinct difference in tsunami excitations between earthquakes in ADDS
and ASSS, comparing tsunami magnitude m from local tsunami heights and seismic moment Mo
from long-period surface-waves. Tsunami wave heights of ASSS earthquakes are almost two times
larger than those of ADDS’s. This is also confirmed by studying tsunami magnitude M¢ calculated
from teleseismic tsunami wave heights. The reason of this different excitation of tsunamis is also
considered.

I.1Z C & Ic

2011 4F 3 A 11 H HALH G KEEEMIC R A L ZBE KBTS 5 D 5 H THEREDOAKRE 2%
ZETHEZ252 TS (Bl 20F, /- #HBE, 2012). ZAUIHERE L ST ok A iy
OEALE (Kanamori, 1977) TiZ, A TE R VWEBE KHIEN 2004 £ 2~ N T HIE, 2011 4F3H
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AL HEE &S TRRITICHR AL TWA 2L TH D (Koyama et al, 2012). X512, —f%IZ Mw 8
DL EOHBRIZE RMGE L EIENTNWDE D, Mw IRBREL Z 25 X 5 RlBERMETVWDD E K
B L ITER I BHFER LT T I LML 2ICR > TE 7 (Stein and Okal, 2007).

DX I REREZ NI L T D MER AL OBMFIC, Fk 41X ADDS: Along-dip Double
Segmentation & ASSS: Along-strike Single Segmentation & W9 #H L WE X ZEAL, MEHLO
R E I BICED L9 ELTWS (Yomogida et al, 2011; Koyama et al., 2012). Fig.1 # R %
L, AREIOFILHOBEKMEOEFRB TIX, KEET L — FBEHATHAICHIRD 2 BT
ATEHEYE 7 2 v NEREIA W & BER WORICHERE (ADDS) LTW2, ZRICHT, @
W7 7RV OREERE - RS - R T, M D BIICE 2 BB B 22 A
1 (Seismic gap) & L CIEAABLBITIRVWHIE Y 7 A v R B3EED &> TIEATND (ASSS). Z
DX 5 BREEER OVICIEAAT I IC AV 1 H, 2 BEORRROHBISENE BSFEET 2 O1L A ARG

1950-2010 depth <= 60 km O>=8.0>9>=7.0>>=6.0

Trench & Trough

Seismic Segment

- 32

140° 144° 148"

Fig. 1. Seismic activity in Japan and its vicinity. Seismic segmentation used in the official earthquake forecasting”
of Evaluation of Major Subduction Zone Earthquakes by the Headquarters for Earthquake Research Promotion.
Epicenters of earthquakes are plotted by yellow symbols from 1950 to 2010 with magnitudes larger than 5.9
determined by Japan Meteorological Agency and their focal depths shallower than 6lkm. Trench and trough
near the Japan Islands are illustrated by red curves. The 2011 Tohoku-oki megathrust earthquake ruptured the
area circled by a solid ellipse, where Along-dip Double Segmentation (ADDS, see text) is obvious. Along-
strike Single Segmentation (ASSS) can be found in the Nankai Trough, where little recent seismic activity has
been observed. Such regions are often called seismic gap. This figure is reproduced from Figure 1 by Koyama
et al. (2012) .

v http://www.j-shis.bosai.go.jp/map/?lang=en (2010)
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WICPE S TLBRTIER L, 19520 AF v v HHTE - 1964 7 7 A 7 BT ADDS &, 1960
L 2010 5 ) HE TIZ ASSS HOMBETH 2 Z ENEH SN TS (Yomogida et al, 2011;
Koyama et al., 2012). ASSS Tid, HIEIEENRIIUHED D DILIIA LB OEIHE L, HEE 7 2
¥ MR SITHAR TR SR WEIRE 725 . ILAGAZE O BEZE TR WA DL AT 1)
\ZHEDS Y, PRI A B EARICHIFEZE 18k (Seismic gap) 2T 5. MERAERO 7 AR 50—
T OHBEZEAERICH BEEHATE S (Moreno et al, 2010). ZiL & iX3iEV, ADDS TiE, #i
BIEEEOE L RSO 1 2BETRIA S, HICHRWERE 2733 ORMER VW ORIRZIT T
H5. KEROMEFEINLE ML KERVOMEY 7 A v METIERILL, HERV0E 72
VN ITHEBEE A RNER TH D025 F—F > VX% — (Doughnut pattern; Mogi, 1981) @
X 91t7%. %L C,Ruff and Kanamori (1983) <> Koketsu et al. (2011) ML TW5d Xk 91,
TRVVIE & R T B R AR D T AR T — IXHEHER VW OR LN EE TH 5.

T, ZOXOBRMBRAROEWE XY XEMETDICE, £HHE2G, ADDS & ASSS O

METEE) 2535 2 L BANETH S, HHTNEIE, ASSS OMIEES) TiT 7 L — [ EE K
DB < £ TR > TnWDH Z &, £ L THEREO T 2 5 ¢ =B L AR 2K, HEHET <
FTHEL TWDZ & (Moreno et al, 2010) TH2. ZAUTKL T, ADDS OiFENE, 2011 4F
FALMHEERHED X 5 RGEZ2RE, MHELVWOT AR 7 ¢ — (TR FIIE A BHE D&
A, PLAARIE D XD TROEFT TORBRIEE LN TH 5.

Fad, MRABFOMBICIDWETOMBERER 2 EHEEET L LITTES RV, Ll
IR ~_72 X 5 72 ADDS & ASSS OHUEBIRENCEWREICTFET Db DR L, TAZHOME
THEMBREHNCLZ0BRVWRELLNDEAS. ZL T, ZIplxiE, BEOFIRICS Z0

BVWRARBIND 3T THS. ABFETIE, BARMETHEA L IHE 2 ADDS/ASSS OIS E)
DEZ DS EITHTHN, HEREFEOREAZHA S 2L, ADDS/ASSS OHIEIEEIC OV TiHmT 5.

II. BRI J=Fa—F

HATHE CHEAE LTI, IRV R R OBIZ I & L R EO#AN O, Bk~ =F 2—
N3 =120 4 O#PATER I N (54, 1949; Tida, 1958). ZAVILEHS « B A 7 — v L I

, BUETHHEED Z v ZicfgfishTnsd (Bl 21, Historical Tsunami Data Base for the
world Ocean, http://tsun.sscc.ru/nh/tsunami.php; NOAA National Geophysical Data Center, http://
www.ngdc.noaa.gov/nndc/struts/form?t=101650&s=70&d=7). & (1986) 1% &L LIk O & TH
LIRS E FHWT, SF - S A7 — VO EE LR L TEK OREEEE 2 Z 8 L 72 Hk
vV =Fa—RmEFREL TS, 22T, T (1986, 1996) T X 2 Higs by oo i I
FROROIZERE~ 7 =F 2— Nm LE#MORFAHMBRE L OROIZMBE— A Mo &l
BT 52 LT, RUHMBEOHE TS ADDS & ASSS OHIEIRENIC & 411E & OEEIE &V A
FETDO0EHFHRD.

Mt X Abe (1979) DEFRICLDEE~/=F=2—RFThbd. TORAT—iE, PH (1986)
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DMEHNTL TV D ITHIOEER X 0 132 M ciE TOEEFE 2 AW TR b i~/ =F 2 —
RThHY, ZOEHRITHEET AL EPOLROLNIE—A LV T =F 2— K Mw IZHERLL
TWb., ZZTiE Mt ZACCREOFIT 21TV, BIRIC ATV E I S 2 S5 b iR
%, mHOEEEE OB LBERTLIZ LIl XS,

1. BREETRELZEREZOHMERE

el 89 AFMINC H AT HE THE L 72 61 [EOERICOWT, FS (1986, 1996) 2LV EE~ 7
=F a—RFmPBPEDE, BIEFEROMBEET—A 2 Mo BPROLNTWHHBEICOWTHREL 2.
Table 1 ICZ4V 5 OMBERER, m, Mt, Mo #Hht & HITE L TRT.

AARMETENWA WAL Y 4 TOHENRFKEL TWT, ADDS - ASSSDOH 7 I Y —IZ 58S
NIRVHIEDSFIE L e b IEET 5. 2, T U X — T4 ARUWARAL T L— NN THRAEL
TZIEWTfERY (Normal fault; NF) HigE (/L - #F5, 2012) &ifgESE < THRAL TN (Strike
slip; SS) HETH S, L7id->T, TNENDOHEILZ ADDS/ASSS/NF-SSD 320 h T 3 Y —

DOWFhhICHFEL T2,

Fig 2 I~/ =F a—Fm LWMET— A h Mo Z2ZNFNoh T 2 ) —FNCRS. K
DOEYFERRL, PE (1996) 23RkD7z Mt & m OBEBR Mt = 04m+725 OEZZKEL, Mt
B Mw LT, HIET— A2 O logMo = 1.5 Mw~+9.1 (Hanks and Kanamori, 1979)

ZEDbDELT, m EHEET—A L FOABEOHREZ 167 LRkDe. TORREZREL T,
ENENDOHT I —Tm & Mo OBfRERD -

my = 1.67logMo — 33.0 £ 0.26 (for ADDS)
mg = 1.67logMo — 32.2 = 0.20 (for ASSS) (1)

7272, Tablel TEHE~/=F2a—Km B0 XV /NEWF—Z 3 EORIFEROFHEITITH
WigoTo, ZhiE, m = -0.5 BEOEE IR 100 km T30cm XV IERWEE L2005
HE I EOREEEDRENEEZE X 2L TH D, ENERME (NF) S UEHE (SS)
ZOWTIHE, A TEFBREZRDRPoT, KGOEBICLT L HLBETIERNDL TH D P,
Fig.2 % RLAZZ4id ADDS BIOHIRICIE WRFS > TWd K5 72,

o ADDS & ASSS IO HIFE TIXFI U Mo OHIEE CTHE~ /=F 2— Km B 08 KT R/ 5.
T, B~ =Fa—RFm P11 REL D LEEEEIX 224 fERELS BRI EERS LT
26 (P&, 1986), HEEHEICL TR 2 513 & ASSS BIOHIFE DS ADDS AT F Tk & 7o
WEHEL TS ZEE2RLTWS,

Fig. 3ICHE~ 2/ =F 2 — N Mt LHEET—RX 2 b Mo OBREZFRENO I T I ) —TRT.
EREARZRD D ICIETRTOT—F AWz, BIRROREIE EOREZE W,

Mt, = 1/1.5 logMo — 6.01 = 0.17 (for ADDS)
Mts = 1/1.5 logMo — 5.81 + 0.20 (for ASSS) ()



HAMEDO—H L ZTHOMFEY 7 A2 METHRAE L HIFEANh U 7o ik 91

LRkE ST, Mw oEFERIE, Mw = 1/1.5 logMo —6.06 T&H 555 (Hanks and Kanamori, 1979),
L@ IFRZEOHH T Loic—% L, BAREHOR/HHRHE TS, Mt 23 Mw IZHERL T
5 EiXENS BND, Fig. 3 d 7 my b ERIVUE, AT XS 2T ADDS & ASSS &3
MbbEOICRZDD, QROBECHAEZEZD LTOEIMYTHS. WAL, DMt

DEWIHT 0.2 T, ZIITEM O EFE I EIC LT ASSS RO HFEH A5 100 ~ 1.6 fFRE R E W
T LEFEL TS, ADDS & ASSS O HIFE{EE) THE I O E T, SEHEE 0 m &
WMt bz, ZVOFREEETZH D00, 2HEBRETHHILEZRLTND,

Table 1. Tsunami in the vicinity of Japan since 1923

Year Month Day Location Mw Mt m Se]i&lonic( NM'OrIr?f M Remarks  Ref
1923 1 Kanto 7.9 8.0 2.0 7.60E+20 ADDS A
1933 3 3 Sanriku 8.4 8.3 3.0 4.30E+21 NF B
1938 11 5 Fukushima 7.8 7.6 1.0 7.00E+20 NF C
1940 8 2 W. Hokkaido 7.5 7.7 2.0 2.10E+20 ASSS D
1944 12 7 Tonankai 8.1 8.1 2.5 1.50E+21 ASSS EZ
1946 12 21 Nankaido 8.1 8.1 3.0 1.50E+21 ASSS EZ
1952 3 4 Tokachi-oki 8.1 8.2 25 1.70E+21 ADDS F
1963 10 13 Kurile 8.5 8.4 3.0 7.50E+21 ADDS G
1964 5 7 Oga-oki 7.0 7.1 -0.5 4.30E+19 ASSS D
1964 6 16 Niigata 7.6 79 2.0 3.00E+20 ASSS H
1968 4 1 Hyuganada 74 7.7 1.5 1.80E+20 ADDS I
1968 5 16 Tokachi-oki 8.2 8.2 2.5 2.80E+21 ADDS J
1968 6 12 Twate-oki 7.1 74 1.0 5.10E+19 ADDS K
1969 8 12 Kurile 8.2 8.2 2.5 2.20E+21 ADDS M
1970 7 26 Hyuganada 7.0 7.1 -0.5 4.10E+19 ADDS I
1971 9 6 Sakhalin 7.3 7.5 0.5 9.50E+19 ASSS D
1973 6 17 Nemuro-oki 7.8 8.1 2.0 6.70E+20 ADDS N
1975 6 10 Kurile 7.0 7.9 1.5 3.00E+20 ADDS P
1978 1 14 Oshima 6.6 6.7 -2.0 1.10E+19 SS Q
1978 6 12 Miyagi-oki 7.6 74 0.5 3.10E+20 ADDS R
1980 6 29 E. Tzu 6.4 6.3 -2.0 7.00E+18 SS S
1982 3 21 Urakawa 6.9 71 0.0 2.60E+19 ADDS T
1982 7 23 Ibaraki-oki 7.0 7.0 -0.5 2.80E+19 ADDS U
1983 5 26 C. Nihonkai 7.9 8.1 3.0 7.60E+20 ASSS \Y%
1983 6 21 W. Aomori 7.0 7.3 0.5 1.90E+19 ASSS \Y%
1984 3 24 Etorof-oki 7.1 7.1 0.0 6.40E+19 ADDS W
1984 8 7 Hyuganada 6.9 6.9 -1.0 2.90E+19 ADDS W
1984 9 19 Boso-oki 6.8 7.3 0.0 2.00E+19 ASSS Y
1986 11 15 Taiwan-oki 7.3 7.6 1.0 1.30E+20 ASSS W
1989 10 29 Sanriku-oki 6.9 6.8 -1.0 5.80E+18 ADDS W
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Year Month Day Location Mw Mt m Se]i&r;lic(Nl\/[.ogem Remarks  Ref
1989 11 2 Sanriku-oki 7.2 7.5 1.0 1.40E+20 ADDS W
1990 20 N. Oshima 6.2 6.5 -2.0 4.30E+18 SN Y
1990 9 24 Tokai-oki 6.5 6.8 -1.0 7.10E+18 SS Y
1991 12 22 Uruppu Isl 7.5 7.5 1.0 2.80E+20 ADDS W
1992 18 Sanriku-oki 6.8 7.2 0.0 2.70E+19 ADDS W
1993 7 Noto Pen. 6.6 6.7 -0.5 3.40E+18 ASSS W
1993 7 12 SW Hokkaido 77 8.1 3.0 4.70E+20 ASSS \W
1994 10 4 E. Hokkaido 8.1 8.2 3.0 3.00E+21 ADDS w
1994 12 28 Sanriku-oki 77 7.7 1.5 4.90E+20 ADDS W
1995 1 17 S. Hyougo 6.8 6.4 -1.5 2.40E+19 SS W
1995 10 18 Kikaijima 6.9 7.6 1.0 5.90E+19 ASSS W
1995 10 19 Kikaijima 6.7 7.3 0.0 1.50E+19 ASSS W
1995 12 4 Etorof-oki 7.6 7.6 1.0 8.20E+20 ADDS W
1996 10 19 Hyuganada 6.6 6.9 -1.0 1.40E+19 ADDS W
1996 12 3 Hyuganada 6.7 6.7 -1.0 1.20E+19 ADDS W
2001 12 18 Yonagunijima 6.8 6.8 -1.0 2.10E+19 NF WX
2002 3 26 Ishigakijima 6.5 6.7 -1.5 490E+18 ASSS X
2002 31 E. Taiwan 7.1 7.2 -1.0 5.40E+19 ASSS WX
2003 9 26 Tokachi-oki 8.1 8.1 25 3.10E+21 ADDS W
2003 10 31 Fukushima-oki 6.8 7.0 -0.5 3.50E+19 ADDS W
2005 8 16 Miyagi-oki 7.1 7.0 -1.0 7.60E+19 ADDS W
2005 11 15 Sanriku-oki 6.9 7.3 0.0 3.90E+19 NF W
2006 11 15 Kurile 7.9 8.2 3.0 3.50E+21 ADDS W
2007 1 13 Kurile 8.2 2.0 1.80E+21 NF W
2007 3 25 Noto Pen. 6.9 -1.0 1.30E+19 ASSS W
2007 8 2 Sakhalin 6.2 0.0 2.40E+18 ASSS w
2008 7 19 Fukushima-oki 6.9 0.0 2.90E+19 ADDS W
2008 9 11 Tokachi-oki 7.1 -0.5 1.80E+19 ADDS w
2009 8 11 Suruga Bay 6.5 -2.0 7.90E+18 ASSS X
2009 10 30 Amamioshima 6.8 -1.0 1.80E+19 ASSS W
2011 3 11 Miyagi-oki 9.0 9.1 4.0 5.31E+22 ADDS W
Mw : Moment magnitude by USGS

NM=E<®mZoE e

http://earthquake.usgs.gov/earthquakes/world/historical country.php

Mt : Tsunami magnitude by Abe (1998, 2011). m : Tsunami magnitude by Hatori (1986, 1996)
: Kanamori (1971a), B : Kanamori (1971b), C : Abe (1977), D : Fukao and Furumoto (1975),
: Kanamori (1972), F : Kanamori and Anderson (1975), G : Kanamori (1970),

© Aki (1966), 1 : Shiono et al. (1980), J : Kanamori (1971c), K : Yoshioka and Abe (1976),
: Abe (1973), N : Shimazaki (1974), P : Takemura et al. (1977), Q : Shimazaki and Sommerville (1978),
: Seno et al. (1980), S : Takeo (1988), T : Takeo et al. (1983), U : Kikuchi and Sudo (1985),
: Dziewonski et al. (1983),

1 USGS (http://earthquake.usgs.gov/earthquakes/eqarchives/sopar/)

: Yamanaka (http://www.seis.nagoya-u.ac.jp/sanchu/Seismo Note/)

: Reference events to define Mt (Abe, 1979) .
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5 =
a | T, e
mg=1.67logMo0-32.2 (+0.26) 7
E 3
(<]
©
= 2
5
c 1 a
2 *
é 0| m mp=1.67logMo0-33.0 (£0.20)
2 "  Thrust-ADDS
=
=L S ® Thrust-ASSS
L
2 L 7 ama A Normal/Strike Slip
g

1.0E+18 1.0E+19 1.0E+20 1.0E+21 1.0E+22 1.0E+23
Seismic Moment (Nm)

Fig. 2. Tsunami magnitude 7 of Imamura-lida scale by Hatori (1986, 1996) in relation to seismic moment Mo
of corresponding earthquake in and near Japan. Different symbols represent different category of earthquakes.
Least squares regressions between 7m and Mo for ADDS and ASSS earthquakes are derived. The difference in
tsunami excitation between ADDS and ASSS is as much as about 0.8 in tsunami magnitude 72, which indicates
the difference tsunami wave height as much as by a factor of about 2. See Table 1 for the data.

95 r .
Myp = {zlogMo — 6.01(+0.17)
9 L :

-
=y .
o S - Mg = ElogMo — 5.81(+0.20) S
=
2 s}
e
o L &
2 'd
E 7 F ° @ Thrust-ADDS
g 65 L 7 B Thrust-ASSS
3 7 7a A A Normal/Strike Slip
— 6 1 L L ] )

1E+18 1E+19 1E+20 1E+21 1E+22 1E4+23
Seismic Moment (Nm)

Fig. 3. Tsunami magnitude M¢ defined by Abe (1979) in relation to seismic moment Mo of each earthquake in
and near Japan. Least squares regressions between M¢ and Mo for ADDS and ASSS earthquakes are derived.
Others are the same as those in Fig. 2.
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AT, ADDS & ASSS OHIEIEENC L 2 EE ONEITITENRH Y, FOEWITEE I
LTRI2HBRETH D Z EPHEE SN2, EIEOEIZZNERIE L 2 B X 5K 0L
LEMTH D5 (Gusman, 2011), ZDFEWIZREIL Mo @ ASSS BIDHiIE N ADDS F o HiFE X
DXV RERBIEHBEHEZEIL TNDLIEERLTVWS, ZOXIREBNVWEAL DI, LA
TOXSREHEPEZOLND !

1) BEPELS, HECIIWMBEEMP LY KERWBEDOLEZEL ZE 5,

2) WrBHEHOEEANKE L, HIEA DA LDBENC LV EGLEENKE 2D,
3) WHESCKREEM 722 & OWIER O 3 KT efiEIc L0, EEoRESAKE <25,

4) FENOWEMENER O T 3 — I v S EBIERIL, kL REREEIC/ARD.

1) 1%, ADDS & ASSS OHIBEIFFOBEWITRKRD L WARE LS, 57D THlimT 2 it
V. 2 IZOWTIE, FEPICH A OMEIZT + V) ELlT L— b OTRASATITHE S Ik
T, BAOWIRBH ZFRF>TWa, LrL, ZaAbidndih ASSSEOMEBIREITHS. Fi,
AT - R (1975) I X DB AAL S 72 & TR I AT OFHkE R 2 R, e 30 EFL
60 FEDEA TOMEMH DR ARENEIL 30%REDENT, T 2 TR 2 EFHE OE V%35
T 5 X9 RRERENTIEHRY, 3) bREFET, ASSS BIOME L, #ifE b T 7 OUEHEITTH 50,
AARMEOEIMER TH DL, EEFELRWT, ADDS X K& AREEFRIEZRL TV, 4)IC
DONTIE, EHMOEE T —F ZHWIERS, THOBRE T -2 h 5B 0NERERRFL T
555, ASSSHIDOHEN LV KEREW 2T 2 D2 MENRICL DT+ —Hv v 72T T
BT D Z LT,

Pk, ASSS BIp#FEDS ADDS BIDO MR T 2 R R & il 2§ 2 o1k, [FUHIE
F—AVMOMIETYL, ASSSHOMBN LY KERWEREEBZ LT NRORELERTE 2.
AT ASSS BB DO BIESE N Z LI X 25 b Lt vy, ASSSEIOMEIZ X Y £ < oiifE
BT L — MEFR TEROVWESICET L TWE D ThH 2 L bEXLND.

ARHFFEDFEFIL, ADDS OIF B 2011 4FEHALHT KRB O X 5 254 TRITHEER W
DT ARY T 4 —ZEL, TN OEEITEAAIE O BIMIO 7 L — MEFRTHAEL T
LETHMETED,

TUHE—F A ZXOMBLITELRY, BAREDO BB VICIHAET D HBITRE <, HBEAW
XGPS Bl LIC LD L — MNEHBEERET, WITHETLO0 LARWHIEOILA Y 35

CSNTWD, £0 X5 RHEIEEIET, HEICHE S BEOMEEZE 2 25612, 22 T#
L7z, ADDS/ASSS HIEBIEEOMEDEWEEETILEN DD EEXD.

BE RURREETL TWRnr, dtimERFAMBTHRRICER ES W LES. 20
X aES Lo LEOBKIL, A&FRABITRERXT, shkZotaoar sy —
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FOZIWIHEWATWDIAX ZRT, KRWICBERDIT SN2 ETY.
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