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Fig. 1. Bathymetric map showing the locations of ocean bottom seismographs (OBSs}
used in this study and total slip distribution larger than 10 m of the 2011 Tohoku-
Oki earthquake (Yagi and Fukahata, 2011). The star is the initial rupture location
of the Tohoku-Oki earthquake {Chu et al., 2011). The open diamonds and the open
squares are the location of short-period OBS (SPOBS) and broad-band OBS (BBOBS),
respectively, used in this work. The BBOBS with uncorrected clock is indicated by
the solid square. The red dashed rectangle indicates the grid-search area for the
hypocenter locations. The red solid line is the survey line for the crustal structure
(Ito et al., 2005; Kodaira et al, 2012) and the differential topography (Fujiwara et
al., 2011). The dotted line indicates the axis of the Japan Trench.
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Fig. 2. Hypocenters and error ellipsoids of the earthquakes. Earthquakes within the
red dotted rectangle on the map were projected onto the P-wave velocity model
used for locating earthquakes (Ito et al,, 2005). The top of the oceanic crust is indi-
cated by the dotted line on the cross section. Symbols are the same as Fig. 1.

SIMEDRESHMEPREEREEDERZR IV %S, 5,8,
(Obana et al.(2013) [Z—&FNEE) pﬁjt@.n



FEIEIBESLR A (R3.2.19)
BEH-2 p123 FHiB 125

10. BT RYBDTRYSHDRTE
10. 2 SMMBIZBITAEBREBADKELIRUOFLEER(2.74)

WA AFIvIF—N\—21—k(2/2)
Ide et al.(2011) (&, 311 EDMERDBEITICEDIE, UTDOREERLTLS,

v 3IMHEE, ORBOLEKMENGT Y, QFBICHE TE5ERREMA T IHIED2DDHIFEE—FH 545,
D56, OOTAYFHBLURTNCEZSN TV VT AEBRT B2 TIIELS, SHITTARYBEIEN, HEERICERITL—FAT

EMBMENRELI-CEADHEEIND, CNNE A FIVIF—N\—2a— M BHBEITAY) EFENEHEETH D,

v ERBOFTAFTIVIF—N—a—rE, ZRITEILDFHOIRILT YL aGHIRICKY RSN, FHAIOWENFELLZ TN,

BERGRRIEFEELGA O,

v

TR i © ~ 3 % IEARRIE (1ERR )

VV’V*\“ 2 -
| G

@ 407 FESHE (BAK)

®~60% BETOHE (EAK

- Wy

BEZM ey |
0 10 20 30
TRYEm |

(=}
| 0 50 100 150 200 km
1407 1417 142" 143" 1447 145

©-08 REHE AR
(ER)AVE— BT RYBD5HF, 0309: HIE (Mw7.3) DAN=XLs, MS: KREDAN=R L, %ﬁ‘ rf 7

0312 1A0314: RE (ZNZNMWESMW61) DAN=X L, B & - FIBOER, Fil: REQER, A
557 EE— AL DR EEE D HR
(AR TRYFEESMDRFTvTavk

(Ide et al(2011)) BREOHIEBEOE X (FH (2011))

Dwitan



10. BEXIRUBDITRYZHDETE

FE9I9EEFEELE (R3.2.19)

BE1-2 pl124 BiE 126

10. 2 3IMHBIZEHAEREHADKELITAAYDOHERAEER (3.74)

B IADIEET RYEDEF

« Kozdon and Dunham(2013) I&, #thEIEE T

ENBEXRTIMERNHHELTNS,

8 ~

=b

NEEHERAOMERREBELRLIZLARAHFTLU—MERET L ERAV 2R TEIMHKIED
Salb—avhn, AMEDIEOEVNATLU—MEREHBOITRYEICEZLEZELREL, [AMEADEINEVEFETL—MERZBOTY

- BEHEHOMINADIEX, BARBELVDMAEEEELEL THLY (Tsuru et al.(2002) ),

coastline fault

uppermost
mantle

100 km

upper crust-1
upper crust-2
—

oceanic layer-1

P wave velocity (km/s)

¢ ZSkm}

uppermost
mantle

5 6 7 8

EHERO T MERETIL
(2RTEMIES ZaAL— 3 FETIL)
(Kozdon and Dunham (2013))

a
@
E 5 WZaskm
2 W =60 km
g pilzNOL
£ 20!
>
E
b |
Y 10t
0
(b) 801 horizontal seafloor displacement (m) r\ |
60 Toetal  + Satoetal. /o T
40f|o Kidoetal. ¢ Ozawa et al.
20 e - - - -
0 L . 1 L J
(C) i vertical seafloor displacement (m) 4
2 z <
: =(K_?/ -
2 s

0 50 100 150 200
horizontal distance from coast (km)

Figure 11. (a) Influence of horizontal extent W of shallow
velocity-strengthening region on cumulative slip (plotted every
5 s). Shown for maximum effective normal stress 7,,,, = 40 MPa
and seismogenic depth D = 45 km. (b) Horizontal and (¢) vertical
seafloor displacement compared with various observations (dashed
line). The color version of this figure is available only in the elec-
tronic edition.
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Figure 17. Map view of the low velocity sedimentary units observed on MCS scctions in the Japan
Trench margin. Small dots represent background sismicity taken from JMA (Japan Meteorological

Agency) HypoCatalog
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Fig. 5. (a) Model with iso-velocity contours as for Fig. 3a, superimposed on focal depths of aftershocks of the 1994 earthquake [10] projected
anto the vertical cross section off-eastem Aomori forearc region. The horizontal axis indicated in the upper part shows the east longitude (° E)
corresponding to the position of our profile, and vertical axis is depth below sea level (km). Yellow triangles show focal depths of the 1994
aftershocks. Black dashed circles labeled A and B denote clusters of aftershocks discussed in the text. The red thick line and the black thick
vertical dashed line mark location of the plate boundary and the location of bending point revealed by this study, respectively. The blue bar in
the upper part shows the location of common asperity of the 1968 and the 1994 earthquakes, from Nagai et al. [4]. Open circles are OBS
deployment positions. Vertical exaggeration is 2 times. (b) Spatial distribution of repeating kes from Igarashi et al. [28]. Orange circles
show the repeating earthquakes for the period from April 1992 to July 2000 (M=3 or larger). The red line indicates the location of the seismic
refraction profile and white circles are OBS locations for this study. Blue and green contours denote the large moment release areas, as in Fig. |
[4]. Seafloor topography is contoured at 500-m intervals,
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EE—A2F(Mo)

5.21 x 1022(Nm) *2

u+S-D

EHEHBETE(A0) 6.02 (MPa) %2 7/16+Mo= (S/ 11 )~%2
IRIGIEERE (Vr) 2.5(km/s) AIRERF (2020a)
SARZAL(T) 60(s) IR RTF (2020a)

FaMEE T

NSA—4 REE #E ERERD)
T-AUMIY ZFa-F (Mw) 9.29%2 (logMo-9.1) /1.5
M EEE (S) 123,141 (km?) IR AT (2020b)
FEgYE (D) 18.77(m) IR FT (2020b)
BRKI~RYE(D,,) 78.09(m) IR FF (2020b)
B (u) 4.63 X 10'9(N/m2) WNERFFRRT—%
HEE—A2 K (Mo) 1.07 X 1023 (Nm) %2 ©+S*D
EHENETE(Ao) 6.03 (MPa) *2 7/16-Mo- (S/ 1 )=3/2
BRIRAG I E (Vr) 2.5(km/s) MR (2020a)
FAZXBAL(T) 60(s) MR AT (2020a)

¥2: NERT (2020b) RUNBERBERT —2IEIEHTE
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13. AREART (2020) Ik 5 FEBEETIL
13. 3 ERSTRELEMIISRADERMBED XIS HETEEDHE cm

«  Murotani et al.(2013) TEIHIN TLVAMOYSANDEXMEDWEBETILENER (20200 D AXREE (ZE-AEM) ETILRUVFEEE (+B-E=4)
ETILOMERE(Mw), BTRBEIE(S), thEE—AVF(Mo) RUFEHRABTE(A0) DEEELUTIZRY,

- BRBECE-BEMETIL FEBEEB-BEDNETLOTHLABRTE(Lo) [FH6(MPa) THY, MOVSADEAMBEDFHEHBETE
ZRECLERISIEZFERLT=,

i HERIE W B mEmiE HEE—AL T AETE o
= Mw S (10%m?) Mo (1022Nm) Ao (MPa) A
311HE 9.0 110 39 2.60 Satake et al.(2013)
2010 F#hE 8.8 90 1.7 1.53 Fujii and Satake (2013)
2004 R LSHE 9.1 220 6.0 1.42 Fujii and Satake (2007)
1964 FE 7S ANHE 9.1 184.16 6.5 2.00 Johnson et al.(1996)
1960 F ) HhE 9.2 135 7.2 3.54 Fujii and Satake (2013)
1957 7)) a— vt E 8.6 1725 1.2 0.41 Johnson et al.(1994)
1952F A LF ¥ yhihE 8.7 120 15 0.88 Johnson and Satake (1999)
AREECE-B5HETIL 9.1 76.3 5.2 6.02 AR AT (2020a)
FEEEEB-REMDETIV 9.3 123.14 10.7 6.03 AR AT (2020a)
B Murotani et al.(2013) TRHWW=-EXHE (KX RH) W N AT (2020a)
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Slip (m) Slip (m) lip (m)



13. NREARF (2020) IZ&5EBBRETIL

13. 4 ERSNTRELI-M7~90SADMEDMHBEBLMEET— AV MDOBERELDLER

FE9I9EEFEELE (R3.2.19)

BHEI1-1 p237 —EMEIE 157

Murotani et al.(2013) [C&kAM7 ~9USADMED W EEFE (S) LHEE—AVEM,y), FHFTRYE (D) EtEE—2A2F(M,) DBERICH TS
HNERF(2020) [C&HBAXEE(ZE-BEHRETIVL), TEEBE(HB-REDETIL) OLBELZLUTITRY,

MERF (2020) ETIVIE, BIRERISHLTHEET— AL, EHITRYENKE BERICEELEZERMBEOR 7—) T BIMLKRESNND

&L=,
7 8 Mw 9 Murotani et al. (2013)
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i i i ® 2011Tohoku
A 2010Maule
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1.E+06
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—_— ©  1960Chile
Al
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BB EE (S) LtEE—AVE(M,) DEE

(Murotani et al.(2013) —&MEIE - INEE)

7 8 Mw 9 Murotani et al. (2013)
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13. 5 E&&H [ 5194 |
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BROERREABA SN,

EEH (2013) [, B FREAIPACGPSEIRET TRIBLIZBIRM (UT, NEFRAKI 1L, ) D55, ERMDKOFERRE 7 IKETEICX
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EFHARE CHERIN-ERHOEOFAEZRIZOVNT, SNHEZOBXREBEEMIIZHEITHEEFE (JAMSTEC(2012)) EM LR IKETEIC
KBDEDTIEHBWNEEZEZOND DD, RIEEECEEMTRYXERPORERESTIERNDI1DEBALNDIIEMND, RN D5 I BB+
BEMTARYENFET I EZEZELERHEETILOZFEREL -,

BHRMICE, BREROBIEFEEEBLEFEEETIILEERELTY, BEIFEHN(2013) DRRKRET NS/ OLNSHMER VD IREEIZXY
RAETHRBRFEICETIMNREERBMLTEELBBARAET ILOITRNYIMESELL -,

ARETE, HRIEETILAODTAYRHADR—RELIZBEBABRRAET LA, SFHRAREOBFETHAIRAHADRIZINZ, BEALHDRLED
[CERTETCVSIEHERT S0, aFHAKRKOBRBAENEEREL =,
XOETILOFHMIE, 19 B1EICETEEREFDOKRT RN OBIRFEEEBLUIFELETILIICESR,

4FHIEETILONOERE70—]
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OO Ad <y B EATRYE [ BT <YL B EATRYE [ BT <YL
- BAT <y RO L o JE UL A~y
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D ORBERETANS L o T,
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| TREEEECETS | | | BEEBATTIL |
L HIRORMB L/ L DTRYNEE
| BEIRE LT
=18 125 Z28i | THEA ittt
= 20
EHR S OWIEHEE EEEEATTIL
FRLIHEET L . EFRARMOBERN |

=>I5E125E F3H1 I THHA

N\

Dwian



FE9I9EEFEELE (R3.2.19)
BEN-2 p139 FHiB 162

14, BEEETIL@O B RARHE
14. 2 BHEEETILODHRERICGEEARFATTILOERE) (1.76)

BEBARATET IV, SNHMBICETAERBAORERHMEEZEEBLIHEEET LERRELT, BEHEN (2013) DFERKEREET LRV IR
MBICKYRET HERFHEICEATHIMRAERBMLTEREL-,

FEFIFH (2013) DEFFRETILNSEONDIENE, HIEMEBICKYHFET 2 FFEICETIMERVEEARAETILOREIO—%2XRE
LIBEIZRT,

L u, e C e BEARRRAETILOET
* B : 7 o Wi 85 4— 5 2ol
Sz e
i 036 E-AUMRY ZF2-F (Mw) 9.04
W B EHE (S) 107,357 (km2)
<y TR -
T ABTE(Ao) 3.17(MPa)
HEE— A2~ (Mo) 458 X 102(Nm)
[:> RITEE(u) 5.0% 1019(N/m?)
<o e FHTYE 8.53(m)
HARTAU L 7.34(m)
<yt (AERUVERLR) (56,675(km?), 52.8%)
ERIEE 3.67(m)
Iap ¥ | (EMRUEHILE) (50,682(km2), 47.2%)
ML e S I R¥Rysg . 14.67(m)
ERE R OBIEEEEEEL: MEEAREAETIL = (EERVEELE)* (24,875(km?), 23.2%)
HEEET IV AT Ryl 22,01 (m)
(AERUERELLE) X (11,732(km?), 10.9%)
BRI R 29.35(m)
(EERUVEELER) (6,201km?), 5.8%)
SAREAL(T) 60(s)
X1 KFARYE, FERKTRAVERVBRTNVEZHHE -
A O miELE

X2 KT A, BRI RYEZHHE RO EEL R
X3 BRIANYEHEHHOE RO EIE LR
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BEEIEN (2013) DEFKEETILNSELONDIEHNE D R
EEFIEH(2013) (X, BFHAEEOERYOEDOREREEREDIEMEICKSEDEREL-ERKRREETIILERLTLNS,
UTIZ, BETILNLELNIHME, HIEEARRATTIILOREIZRBLI-AR (TR =T,

O EBREFDTRYITONT, BRMHEDHZRKRT RYE (42m) [(FFHTRYE (11m) DRIAEITHE T HH, FIREBEREL-ERD T NYERR
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QEFRHIDIRYE (15~20m) [FTEFHREHDEKRT NYE (78m) EELEL TN EEDIZ, TRY D FEER M T B FEE 24070 ~ 300R & LB,
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