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2.4 BXRBELANVZEFTSTIN=-OANER

- HROMERF, TU—FMERBADICHFKRIZERLTRELTEY, 20BN BARDEDTREL TS MERFAEHFTIHELERER(2014b) ),

- BRIIBE, EICEOTL—FTHEIILKRTL—reA—FLF7TL—MMLEL, KFEFITL—MIREROAMMSEMBIBcmDRSTTEIEE,
BXREE FE-NERBENLEHAH, T4VEVETL—HE, FEFEROARANSFEMI~E5cmBEDRSTHEN T, EHEESEEND
IRAHAA TS (R E R RHEERAR (2014b)) .

- BRBEOBIRIZH-D2BEHLPE BRADTL—FDTFIZTIAIEVBITL—FD, SSICTTAIZIEREETL—IDEHRAATEY, BREED
B ET IO A E RIZKEDEWLDAH S (JAMSTEC(2011), BAIIZEA(2010)),
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EROMBEAMETL—MER MERAETRRHELELER (2014b))
HE ‘ 13

L T
1 BARFBFIEEAACKERESL—FrBEUT 740 EXiEEYL— b @B (Nakajima and Hasegawa, 2007;
Hirose et al., 2008; Nakajima ef al., 2009a; Kita ef al. 2010). KPHEFL—FB LI 74 VEZHEFL— P L
WOHRSLEIYI—TRY. —AKOBUBATH 2 LKOOERBAFETL—PET4VEYBTL—1D

., S FPEARKBBEOEEREMRS S VI RER (CHE, https/wwwjishin.go jp/main/index.html
; s 2 = [Cited 2008/09/09]; Wald and Somervile, 1995; Umino et al., 1990) % At 5 [ Ca4 . = i3 4 0 & A,
e s : R M e

S : ABARIETFTITEAADOKEFETITL RV I )EVETL— DK
B oith THEE (JAMSTEC(2011)) (R&NEA(2010))
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2.5 RERA -RPRFOEZFFICHIION WEFHNECERERE)O

. BEEE-RFEHOIEETIE, 19384, 1987E(ICM6~7ITADMEN R MELL TERAELTLDA (RERT(2009)), BEI00EM T=EH
EETRONDESIHEMEISADMEMNFEAEL-LERITE VL ChERAEMEHEEARER(2012)),
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2. BERRERUCHBREORE
2.5 EERP-ZPERAOBEEFICHT LIS WEFHNE ChERERE)Q

- BERFRETI, TRAMARFFIEOME DS, 860FDERK, 4-5HITOREK, FITHISAHILOZKICIOZRERNHNFELTS
Y (XERFLFE BIREAEBEH (2010)), BERAIT 869F MFIRD KR (EFT1FAH (2008)) IEEND,

EREZHRFER, RATARMEERE(2012) T, IRALMAXFEFFEDOHE I ORDODMBORRE LT DGELERR M EZEAEEEE

FYUNSEEEPIZHITTODMEEHIEEFHL TMWSAIEE, SHIZEREALEAY, 311hE LR (ZFEH D E~ KK E $) [TMwI.0FTR IS
aJEEME N H D, IEFEHELTLVS,
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FaHf(2012) &, GPSIZL > THBAIIN MR EBM SHEESNDSTRYREBRAAL, BERPOTL—MEROEFIKRIZDOVTHHTL, 1990
FHREF (TR (a) (FEBEIARUVMERIZHY, N DOBEEFEED—EIFEZETTHMN>TL A, 2000FKEF (TR (b)) (XIFEALEOTH>T=EL
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AMZFHHMR (TL—MERRBTRETHIRANGIE TR TRYQ

Ozawa et al. (2012) [X, 2003FE LIBEDGPST—AD HMth A/ N\—2a3 0 s, 31THEDEEBIZHE T, 2003FELIEIZRELE-EDRITAY
FHEEL, 2003FEMNB2010FIZHEITHIRMTARYDERE—AVML, 2003£T:L,LB¢( HELI5DDM7ITADMEBET RYXDEEE—AUID
H925fFI2FETDHEL TS, T, RO RIITRYDMEEHIL3I 11 EDOERIBETHDOZDFEEICRIET HELTLVS,

- T[T, EERRHMTRYL2003FLURICHEELIZEDDM7ISADMET RYD, B1HMBEOERIETOEBEDFNNEELSEAIEELNHS

LTS,

$:2003/10/31(Mw6.7), 2005/8/16(Mw7.1), 2008/5/8(Mw6.8), 2005/7/19(Mw6.9), 2010/3/14(Mw6.5)
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ey

138° 140° 1 4!} 144°
e - o 2 B EREFORNTRYDMES BN HET Y
2oo3¢uB§T%$LT_M7bvxo)iﬂ

DRV FDORMTAYSD DL (Ozawa et al.(2012))
MEFTRYSHERMT Y% (Ozawa et aI.(2012))
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2.5 BERP-FWMRFOEFFICETH51:
AMFHHR (TL—MERRBTRETHSRANGIEHBERET YO

Yokota et al.(2015) [, 1996E3 821 H~2011E3B8AIZETAGPSIZLAMBRLTHT—2D DML, S1EOEREFNDSE, EEEHFHMD
B EPIZHITTOREFEE T2002FEMN 531 1MEREFETOMNIERM, REIMNLGLRO—RYyTHFEELTLV=ELTLNVS,

-, LEEOERIMGAO—R) TN, 3ITHMEDHKEIZEDL 1 DDARNUINTHI=-AIREENHDHELTLVS,

3 950, 158
T e
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Figure 1| Time series of east: t def ion at GPS i in the Tohoku district. (a) Selected GPS stations (orange squares) and M,, 6-8 siem
earthquakes (green stars) in the index map. (b) Original time series of east-west deformation obtained from the GEONET F3 solutions3# at the stations and o
the effects of the M,, 6-8 earthquakes (green lines). (¢) Detrended time series obtained by removing the regular trends in 1996-2001 (solid red lines), T T T
annual variations and earthquake effects. These time series deviated from the zero lines around 2002 and accelerated at the time of the 2003 or 2005 1407 142° 144°
earthquale (green; lines), Figure 2 | Distribution of total deviations and the result of a two-source

inversion. The red and purple contours represent the distributions of the

GPSEE;EII lii\\[:ﬁ rj‘éiﬁﬁ rE'_J 0) %ﬁli.o) E#;F_%EJ forward slip by the very long-term transient event and the backslip by the

(Yokota et al. (201 5) ) northern source, which were obtained through the two-source inversion of

the total deviations (pink arrows). The black arrows denote synthetic
deviations computed for the inversion result. The co-seismic slip
distribution of the 2011 Tohoku eear‘thl.takee8 is also displayed with the
epicentre (white star) and Japan Trench (dark green line). The black bar at
the bottom right denotes 100 km.

RHMGERO—R)yTOF4EESE
@ (Yokota et al.(2015))
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seismicity region) ) DNEFET S (Ye et al.(2012) ),
+ Uchida et al.(2011) [Z&NIE, 7

IMNEYIRLMET —2FZRALVS11ED

BREICEITEHYTIDTERICET H0 NG, BER

ZRERPEOTL—MERFEEIZIE, EERMERFRIC, FEMEEDT RYIZKYEA M RSN DIEHEE S (SLSR(Sanriku-Oki low—

L5 “kiﬁ s

DTIL—MERREBDHYTI T ELELT, ZERFEOTL—MERREDHYTI LT FHBNEERLTINS,

Figure 12. Schematic map of the Japan megathrust fault showing the distribution of rupture zone of
historic large events and the 2011 Tohoku earthquake (large blue regions), and aftershocks (small blue
regions) along the megathrust from Japan Trench. We plot the southern end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southem extent of
the tsunami model of Aida [1977] and the region of strong inundation on the Iwate coast indicated by
Hatori [1974]. The convergence velocity of the Pacific Plate is indicated by a yellow arrow. The magenta
region highlights the SLSR on the megathrust. The SLSR is largely aseismic, but does have modest-size
patches of seismogenic regions downdip, including the off-Kamaishi repeater zone. The shallower portion
of the SLSR is almost devoid of moderate-size thrust events, but seismic activity is high in the 1896 rupture
zone region further updip.

ZREHhERIZE T AHIEE R BN
(Ye et al.(2012))
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Fig. 1. Hypocenters of mainshock and aftershocks in a 24-hour pe-
riod for the 2011 Tohoku earthquake (black circles) and aftershock ar-
eas for M = T earthquakes since 1926 (green lines, Uchida er al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida er
al.. 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi et @!l. (2001) and Uchida et al. (2009).

2011 EE R AL #h 5 K S i Hh R 14 24 B5 R
DB (BA) L1926 FE LUIEIZRLE
L7=M7 LI E D REE (§&HR) OE &%
(Uchida et al.(2011))
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Fig. 2. Interplate coupling coefficient estimated from small repeating
earthquakes for the peried from 1993 to March 2007 (color). Distri-
bution of small repeating earthquakes (black dots) and coseismic slip
area (contours, linuma er al. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (lgarashi er
al., 2001; Uchida er al., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida et al..
2009). The averaged coupling coefficient is estimated for every 0.3 de-
gree by 0.3 degree windows that have three or smaller repeating earth-
quake groups. The red star indicates the hypocenter of the 2011 Tohoku
earthquake. Stars marked by M, F and A indicate the hypocenter of the
20035 Miyagi-oki earthquake (M 7.2), the M 7.3 earthquake on March
9, 2011 and the largest aftershock on March 11, 2011 (M 7.7), respec-

tively.

1993F ~2007FE(ZHITH/MEYIRLIE
F—ANLHESNZ YT )T FE
(Uchida et al.(2011))
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SRR ES, SREHPE, BHEN, EERM-KHERRUERTOEEFCETIAMBRY 22UTITTY.
K1:MOUSANDERMBERESEDEMPAQERBET DAMEROBMIE, HERPEH2. [HALH AT EHEOME I OBBERE (012~19) IIFH,

X2 =REALER, BRI PER, BN OEEFICETAIAMEROFMIT, MESRAEM2. TR ARNFF DR DOHE | D HEIHRE (p21~25) JI1Z

FLI
O @& O FEESE
(Seno(2014) &S & (Z1ERL)
(B B E B HY = B sh AL 5B
~DWIEEEERC,
g .?5]‘;'{;43
1 S (M843R)
ZINEFH |/ = 48
R®EH | oooo
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EYMAIEERT Y | (M8YSRELT)
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ERIDEHD
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BERP-ZYEFOEEBEFICEHIIAMERLEEZ, BEHENZER (BR) LT OWIREREDRAFREUTIIRY,

>

%ISR B > | migzEO®RH
WMEASD | TIFZHRE B " HIEIEIE "
SR 4 g R RE P m&E
T ARYTAD>5, 1968FENMEL1994FEDHED M8 S AMhE TEAILARIN
HBTFARYTF4DHYT) T FE(XIFIF100% L, MOUSRAMDEKEFHFH
=EFILER =n (Yamanaka et al.(2004){th) ESFEEHAIBRLEL,
BROTRARYFAHNEETEIFEMT7 ISR, EBT
BEMBHSADHEMNFA (Yamanaka et al.(2004){th) ,
TL—EREEIC, FEHBEHEDTRYIZEYEHM i TL—MER RO EEE
= et iy 0 BIRESN DIEMEE B AETE (Ye et al.(2012)), BhEAt, BT BMEEA LD
=R EFEBDHYTYLY HNBUOESL, AEOWER ﬁ IR EERC,
BE <81 (Uchida et al.(2011)),
EROTL—F0 M7 ~855ZADMBEH AILD LI, EYELNEHOD L EWTBEHDRICHBE
Fl=, AFET B A5 )L (R—1S—H 5 )L) BTETE (AT (2011) #h) , HHY, 311 BEEYEHESIZ
mgam | CTEARART | HREDMIHSRDE KBS EBEED LB D, =l BAEBHBEIETELL,
ERTIEHDECIZRENHY, 3.11EITHES (RiR)
KRELTRYBILRAIRE,
&
M795ZADEMNRE, T, [HAL 5 AT hE TL—MEREHTHRETHE
DIEIOEREICEENDEE HEREREHE HAEA IR R S R U SIS,
EE . AER(2012)), BT 2R HIHTHEMO
18 e 2 TL—MEREEIC, TRALMA AT R R O E ] ISADEEOHIEEHET
DREICEZ—EOTOLRELD BN IEEN 3,
FRYMNFE L (Yokota et al.(2015) fth) o g
BB L — 0D FORZHZMERDEVEY, Dy TYLTEMRK IAUEVEIL—DILFH
. SEs s ECRAY, BEE- KR LYLEBNBL A, BEET BN D DRIE
_ 7’b;bh§:jcﬁ‘3& (Uchida et al.(2009)) , DT ERD,
E#p 3 36(_%75[’_— I TEVBTL—MLERBORE L3 1 B WIS
KT ETL— [F—3, T4VEVBTL—HL, BIREED/AUTEL
At THATIEELREFR-TAREENHD
! ° (Shinohara et al.(2011) ),

MMIUSADEARMBELZRLESELIEWERFDEIEDRSISHITHIESLN (K,
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« ULDREHERMG, thEREMEHHERER (2012, 2014a) HAFHMEL T ERAL A KEFHB DO #E (Mw8.4~9.0) 1% LESRIEDHE
HAETHAREMEITEVEETHET 5.
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2.8 RAYNSE~TFUFT EEHEAEBBLVTRETZEXRMED S
2.8.1 2004FERTFS~TUFIUMEDOHIEIRS

. 2004¢xvl~7~7/9“7/1ﬂ 2%, ARMSBHEERELTTZ S T E B mAKI1300kmiEIENEIELI-MWI. 1~93DBE XKHETHY, D
—ALRIF, BAOHEMEMETHSD(Lay et al.(2005)) ,

- FEMEDTRYSHAIE, BRELS-ATIIAFREREL, AT 0%’(/]\‘5(?&6%0)0)
al.(2005), Subarya et al.(2006)), KEHETRYNELI-FEEIREMNTHo1=3.11#hE

RREEEICESTIRNYNELTEY (Lay et
XRETHS,

a b
Rupture front travels up the o - :
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! 12 8 =
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[£  small (<2 m) rapid sl ~5 m slow slip from & g, 3
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| Nicobar segment has Nicobar segment has 6 g H
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Rake ~ 1207, Dip ~ 157 e Y
51 Shs 2w
Main Initial 50 s radiation very Sumatra segment is 21¢lb 1o 61
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7 e G, S — oo
2 — -
2004 R TS ~T BT ED I B SNy € T S GPST—aMhnHEESNT=
~ \
7 - ~ x Longitude (°E) 3.11 i‘H}, o)'a—/\lv)/\ﬁ
Lay et al.(2005 ==F .
(Lay et al(2005)) a WESTSYRUHERIZAD b wEMHORETRYIZED (M EHA B AL ARER2012))
R AYICKHRMT —25 BT —AnDEEIN-F Y
HEShI-F YR piaes

AT — 2D S HESNI2004FERTS~T U H IR
DT XY 537 (Subarya et al.(2006) )

A EILEA
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2.8 RTFSB~TFUHTUEBHEAREEANTRETZEREDHE
2.8.2 FHFZHRBESOHEBED

AT E~TUERVEERE, A1V -F—RSUTTL—N A= 7 TL—HMIfRDITEHRAATEY, CORDIEHFRAHIZEDT,
KILFZRSIRTNSEE (AH#ETHERRE), iER (G0 D B3, ZLCRIIAUN—DBEIZLLIEIER (T3 IVE) DRBREN
FEZ D TLVA (K#(2002)),

5

Australian
I plate
—
50 mm per year
-20°5 [ [ 1 [ ] [ ] [ 1 — [ 1 ——— — o Fault
80°E 100°E 120°E 140°E 160°E A Volcano
— Fault

=3 Australian-Sunda plate velocity
=% Sunda-Eurasian plate velocity
=3 Sumatran forearc-Sunda plate velocity

=== Indian-Eurasian plate velocity Abbreviations

BI: Banyak Islands

BF: Batee fault

MB: Mergui Basin

MF: Mentawai fault

SF: Sagaing fault

SFS: Sumatran fault system
SS: Sunda Strait

WAF: West Andaman fault

=3 Australian-Eurasian plate velocity

ARMSREBOTL—bTHR=HR
(MaCaffrey (2009) )

ARISE~TUATUEEREDOMT
(MaCaffrey (2009) )

HERILEAN
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2.8 RTFSB~TFUHTUEBHEAREEANTRETZEREDHE
2.8.2 FHFZHRBESDOHEEQ

ARRSE~TUARVEE R, /1VF-F—ASUTTIL— RN A—SLT7TLU—MIfOITEAHFRAT I EIZKY, RARNST/o0TL—Fk,
EILIA4O0TL—rDI R EN TULVS (MaCaffrey (2009))
ARRS~TFURARUMBTRETIERMEDANZXLBNTLU—MEEIORHERELIZELY, BEMICERXITIRAETDERADLREE
BAHERICDOWNT, /MUEMN(2012) [E, A1V -F—RARSUTTIL—FDOROERIZAESBEMHICHTERDIEIETA/O0TL—rDI~DENE
TEMIN, BEICEXT IS DANEBT S (VT HELTEEIND) HELTINS,

15°N

10°N —

5N [—

50 mm
per year

0°N

Australian

plate

91°E

Abbreviations

AB: Australian-Burma motion

AE: Australian-Eurasian motion

AS: Australian-Sumatran forearc motion

AT: Australian-Trench motion (component
of convergence across subduction zone)

BE: Burma-Eurasian motion

SE: Sumatran forearc-Eurasian motion

ATrSTLoATL—REEILTIAOTL—FDEFH AR

(MaCaffrey (2009))

BIAIRAY/N—DRIRERO LA RARH KB TL—MEE T EX)
(MaCaffrey (2009) )
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ARISE~TUFIVEERE, MOVSADERMEAFELELTVNSTFY, hART—F, FS3ARN-T)a—Iv o ERFRICAMENFEELTNDS

BETHLIDITHLT, BREELVLERERREANEBLAMENREZTEEHTHS.

80 100 120 140 160 180 -160 -140 -120
IRAIAA D5 FE
(Bilek(2010)[=—

UEMNS, ARFSE~TUARVEEHREERBEDVNDT I IR

EhNEE)

[eEarthquake M>9

@ Tsunami Earthquake

[ 1
-100 -80

—
-60

Volcanic arc Sumatra

Sumatran V<

Accreted Forearc sk

Backarc
wedge basin

Trench basin

= ? Continental crust
9 thospher
2 Mantle

~ 100 km Mantie

TR VA
(Miura et al.(2005))

(MY102)

L

% Major source of earthquake activity

AR EHDOH THEE (BEXR)
(McCaffrey(2009))

Wedge shaped
deformed zone

Trenc axis
w2 s i Horsts and Grabens

Y oy NIy P

Fofearc upper cmst L Sea water

Mantle wedge
(Vp=7.9-8.1kmis}

Seismicity

associated with

L e destruction (HG)?
ow velocity uppermost mantle

. associated with serpentinization?

© Upper zone seisthicity

associated with

Oteanic upqer mantle
dehydration?

1 B ===
Normal
fault type?

Thrust type? Thrust type

Intraplate? (e.g-1897EQ) zone
(e.g.1978EQ) T iger]i

Aseismicy

BHEFOH THEE (EXE)
(Miura et al.(2005))

BRICEXEGTENIH D,

(% RILEA



32

2.8 RAXIMSB~TUATUHEHREBEXRBEAVTRETIEXRMEDOLE
2. 8.3 MEFN-AMFENRM:BIEMEDHKEREE

RIS E~TUAIVRERTIE, 2EHICE>TM8ISADMENELELTEY, 2004FAILS~T oA I MEDFREEEICEALTIE, $3500
EHRTRYRULESE OB RENFKELTLVAIENDS (Rajendran(2013)), TL—FEREOBEB D IESDE(X/INSWNEEZLND,

—7, BRBERVIEVTHE00FRRTRYELEL T HRIMARFEFFEDOMBORREELGDIEHEPIL, BEFEN/NSONZEEHHE,
BER-ZWEADHEICHELTEY, BEIZFIXREGEVARLNSD,

R
Al T e A il R o BE#EE O FEEE
~ | : 4 Lﬁ‘né\\w Thailand !:,f"’“"'_A_ (Seno(2014) #5E(Z1ER)
Hg ‘ . i 113< .v’\\‘rk‘ ;;. J A I~ 1 3
" Ha: .- 35 / Wt A EE A =R
s ] s G 8 e ~DBEEEEC, !
< ﬂg g 1§ FOEEE #
: BB |z A 7 (MeHIR)
g Hf | IEFSH | Y |
g s HERM o9
£ 3 ‘ 1 = ;5) % 20
) 25 E EEE
BMMOEELT <Y | i (M85 RLLTF)
] A s N 1, BET BB E |
a l / ‘ S hag ";\‘ [T BM9U 5 ABEE D
s {8 ' b - BEMRT B,
g < |8 :
A |3 7 0 100 f ? ;
- H§ ] = 1 EEE: X
s | _ R FTON=ORAMER (MOYSR) EWIDEHD
"l ] : WX N - EOABEER BB BISREN 5.
g | Wharton Basin 3 0)/\')7) &7365
i 1 / L 5 = 11" E
<16t 17tn 18t 19 20m> | INDIAN OCEAN 87 cmfvear o EERE /N
oentry ALY T T T T T T T T T T T T T T 7 7S (Msgaqu)
oAb ot e :gf.’,f,f?fsS?Z'Cfﬂiam?ﬁi?ﬁf.ﬁ’éhiﬁ?f;?nfﬁ;(ihfi?gi?pﬁf":?iSf@d,igi{ifeZﬁ“ﬂi:ﬂ'ﬁfqﬁmﬁfi %_E:f]\ 7’|/—I¢E§§'~,§‘§B_Q BIEEIL, =kEHFER
e e e S e e (MBZS5RLLT) LYLREVNEEROND.
ARSI BE~TUFRUEERIIE T HBEDMERERERE BARBELVCHETIEEEOEEFICEYT O MHER
(Rajendran(2013)) (HEREAREHEAERE(2012) [T—ERINE)
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2.8 AVIMSB~7UATUHEREARBERVTRETIERNMEOLE
2. 8.3 hEFM-AMFMRM: hy T J

FaFt (2013) &, RAFFEDRAAAHHFEAVNELRBORL T BERVDOTLU—MERADAY T T RICEHT SMEEZEEL, AYMSD
TR AY TV T REHEISES, BRBETPFRETHHELTND,
¥ TRYRBEEETL—METEBRE TEIo 110,

O 3 ARYRBRED 2cm/F L EEHETFSN TS5

Yo 1900 LIEDOMS 8Ll EDBEAENER

?  hYTULTLTWSREEDNSD, XA RETELAN LB
— TL—MEREE

A 2 e
Afx 1957 Ma.9 0
i e ot
652 M9.0

"\ e

p A= T €23 510w MRS - )|

ATELVEHRAH T ALKDRT—K, F1), AT, EiEh57

HERRE AWLFevh, Tla—v, TIARA, AxLa, ik, anoE7,
I RN)L—, BXREE TEEE

= NS Za—D—SUR, b, BFENER, RUT T, BBk, J4UEVE

s

2010me8f f
L8

73 \1‘35&@95 N
wl $ .

L ( 1
&\

;
—60" T e e e e

90° 100" 110° 120" 130° 140° 150° 160° 170° 180°-170-160-150-140-130-120-110-100°-90° —80° -70" —60°

BAFEXEZTORDIZHITABMT—E2MDHEESINT
TL—rEHY T % (FF (2013))

L

UEND, ARMSE~FUARVEEREBRBERVDIL—MERAICEHSEBEDESDERUVDYTIV T EITERELEBVNLHD.
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2.8. 4 HEATHRLELTWAMIYSADOERMEDHIEHKKXDHED

« Koyama et al.(2012), /MUIEAY(2012) (X, 311HIEDIFH, HETMIVSADERMENELEL TWAEBEOMETRE (T AT—3Y),
AN X LR, BIE/NE—2, TORZORABEEEND, UTIZRTESYRERMEDHIEHRRAEDEELTIVS,

Wit EEE (T A T—3aY)
(Dalong-dip double segmentation (& FJLt45 A1)
. .%EJI\” AWCHHARZBERGHEZFESSBRRAVORERGCHEZTEFENEBBEMICHTICTEICHFEL, TEGHIE (KELTAY) (LiEEEH
RAMICHEITT DMEEFHE R,
. ;ﬁi%b\b%%i'@ﬁ'ﬁb\ff\(, EREZIRYBED &SLMEE T, KEGHERICHERTEBNERILT D,
o SHEE, 1964FTTRN-T7)a—L v IR, 1952F W LF vy AMBENZ DI/ TIZHFEINS GElIE, REIZTRY).

(@along-strike single segmentation (24 )Lt AUR)

. TU—FEROZEHIZIF100%EFL, FEELAVISR>THRENLLNSMEEHZERT

- HMEFEFORARS EXMESNFELET LHANERE AL EFRLT Sseismic gap (MIEZERE) NEEIZEHENS,
< 2004FERIRS~TUAIUME, 1960FEF)HE, 2010FEFVHENC DI/ T (ZHFEEIND GEMIE, REIZTT),

Symbol sizes M
8>=80>¢5=7.0>+>=6.0
YEAR
19502010 depth <= 60 km >28.059>27.0 > 5260 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 8O0'W
132 3 o . s L e v L A e
Trench & Trough : .4 s.. .;, " ‘: K § N
. . o k>
-~ ?
.
A:1994 (Mw7.6) A':1994 (Mw7.7) ; . u i &
B:1989 (Mw7.4) B':1896 (M8%) - s .
C:1978 (Mw7.5) . o
D:1938 (Mw7.7) * . .
E:1938 (Mw7.8) u |
F:1854 .
G:1944 (Mw8.1) Along-dip Double Segmentation ¥ |» -
.
H:1946 (Mw8.4) i T P &
[a] . 3
2 .
E 121 * - .
E s 4 .1*
e e .
'. *” i - .- A o
. . L]
- - . 0 > = v
.\Iung Strike Single Segmentation b v ol Y . b le b )
L . X . § !
132 136 140 144 148 v - . . E
. i
R 4
: L " £ 2010
Fig. 1. Seismic activity in Japan and its vicinity. a: Seismic segmentation used in the official earthquake forecasting* of the Evaluation of Major - i . . al ol by
Subduction Zone Earthquakes by the Headquarters for Earthquake Research Promotion. The historically largest earthquake in each segment is 1960 =
indicated. b: Epicenters of earthquakes (yellow symbols classified by magnitude) from 1950 to 2010 with magnitudes given by Japan Meteorological
Agency equal to, or larger than, 6.0 and focal depths equal to, or shallower than, 60 km. Trenches and troughs near Japan are illustrated by red curves.
The 2011 Tohoku-oki megathrust earthquake ruptured the area circled by the solid ellipse, where along-dip double segmentation (ADDS) is obvious. ) o o . . . o )
Along-strike single segmentation (ASSS) can be found in the Nankai Trough, where little recent seismic activity has been observed. Such regions are Fig. 2 . Seismic activity ﬂ]nng.lhe. CI“IE'“"‘ subduction zone. We notice sparse seismicity prior: o) the ]960 and ‘ZUIO great §m1hquuke\‘
often called seismic gaps. *http://www.j-shis.bosai.go.jp/map/?lang=en (2010). (seismic gap) and a narrow seismically active area along the subduction zone. These are typical characteristics of ASSS. Epicenters re-
located by Engdahl er al. (1998) are used from 1900 to 1972. From 1973 to July 2011, the USGS NEIC database® has been analyzed.

E Kﬂ 0)1:-& EEJ (Koyama et al. (201 2)) Shitp://earthquake.usgs.gov/earthquakes/eqarchives/epic/epic_global.php.
F)DIRFHRAFHEFIZE T HHEEE) (Koyama et al.(2012))
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2.8 AVISB~TUARUEEHREARBERVTRETIHIERMEDLLE
2.8. 4 HEATHRLELTWAMIYSADEXRMEDBWIEHKKXDHEQ

BEXRMEDHIREADSE

- HAOEXMED, HEFEH (€I ALT—23aY), T IAMEROEENS, (1)1960FFUE, (2)1964F 75X HEY, (3)2004FXTFE,
(1) 201 EFAL R D ADDIREHRIHETES,

HATRELI-EXRMEDLLE (Koyama et al.(2012)[C—ERH0E )

Table 1. Variability of megathrust earthquakes in the world.

Event Overriding Plate Segmentation Remarks Margin Single

2004 Sumatra*® Continental Margin Single Oblique Q d:Nankai

1957 Andreanof Continental Margin Single Oblique \\cj\o

1960 Rat Island Continental Margin Single Oblique 0\ ) %
1060 Chile Continent Single Cordilleran Orogeny’ b c:1960 L]
2010 Chile Continent Single Cordilleran Orogeny Cascade FBD
1964 Alaska Continent Double Cordilleran Orogeny Continent 2
1952 Kamchatka Continental Margin Double Cordilleran Orogeny Q:-"_
2011 Tohoku-oki Continental Margin Double Pacific-type Orogeny® Transform . e}
e:Hokkaido =]

*Boldface indicates a typical end-member characterized by the category of single/double segmentation, Fault
orthogonal/oblique subduction and type of overriding plateforogeny. 7: Uyeda (1982); 8: Maruyama
(1997). A h:2011

Double

. © g:1964

Oblique Orthogonal

Subduction

Fig. 7.  Variability of megathrust earthquakes in terms of seismic segmentation (along-strike single segmentation, ASSS or along-dip double
segmentation, ADDS), subduction zone geometry (orthogonal or oblique) and collision with continental plate or continental margin. Typical
end-members of great earthquakes are plotted by solid circles with their year of occurrences. Possible future large earthquakes in Hokkaido and
Nankai Trough (Fig. 1(b)) and the Cascade subduction zone are indicated by stars.

B K= DR iEIE T D) 958 (Koyama et al.(2012) [Z—ERNZE)

e

UEND, RS E~TUARVEEREBRBEDNVTRATIEAMBOBEREFXD D EIEIELS,
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2004 F RTINS ~T AT MBLERIRDBIRIGENELHAIREME (=MOUSRADERMBEZHESELIEHETOEBFHZER (BR) TS
BIRN =LA ETIERET SRR OFREHR T 5120, AR E~TUEAIVERHEBRBERVTRAETIERMEDT I =IX
ME R, hEFH- AP R R OERERKDONEICET SR AL LEEREIT o -,

HERREFORER, BiRA L DHIRIE BRI

B2 488
T

REGEVWLHY, EXMBEOBIRHERXDIELELGD,

UEDTEMND, BERBIBRNT204FRINS~T AT MEBEERROBIRRR FRIRIERE) NECDHATREIEXEL, BlL, MOUSRADERXR
MEZRESELIERRADEFHZER (BIR) ETHMENZEHILEFTTEHEET S REMEIXEN LTl b,

ATNSE~TUSTUEEREAREEALDLEBTDOIEE

ERIEFT TP VAN ERRVTL—MERAEICE T HEBEDE5DE-Hy TV TRIZIE

(along-strike single segmentation)

ZTRSB~TUA T HE B BB i
SEOTL—LEEIHLTRSD | - EEICHLTER A RICLAAL,
FORZHIRE | ot o g0t s [ZRA A, FRIENETIIR Y/ — | BEEEERASHL, fikiE
5% EARBFEDOEE | S pmEh B, ERE, =
AR AN B
ST hl o TMBISADMER | R A AT QHEDER
S, D, 2004F RTINS ~TFY | BB EHEB ML, EEANEL
. | BT BGOSR TIZN500E | = EhchEn, 8B FRE ) -
meengp | DEERORERE | pomlos i | ERmEARE. =B 5.
22 B T MEREICE I IERDIES | T NERECBHBEEDLS
DEIFIPELY, DEIFXKELY,
Hw Ty &= -1IZ3LY, -HhiRE, =
FIRARA D388 2004F AT SR 20115 AL E -
(BT (15 A F—a>))

(along-dip double segmentation)
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2. BERFEHEUHERIEDRE

2.9 F&oH

No. AV NEFHA JAVRAR
56 1823H =REARIEEANDEEMEEEZBIZHTI=--TIE, 3 1L TIRYZEL-EERFDOEEFICETI2HFTOMEL
F185EIBESE | /TR, BENICEETBHIE,

s57 %,wéggg pn | FEEETLOMBERRUMWOE SHEISOLTHET L,

UEDBHEHERNGS, EFEMEHEERES (2012, 20142) HNFHELI-IFRAL A K FEE DB DHE (Mw8.4~90) 1% ERIDMIBOMMENRELET S
ATREME (IR UL EET T 5,

REHEFER LD, FHHIEETILOERKREFEOSISBERREE, [=RERPE~ KRBT IERET D,

Wit R E R ITHELE AR ER (2012, 2014a) D ELA WiEEIEETIL

140°E 145°E

24.83
12.42
6.21

ERRNES T RIMROERIZAL = . BE®EFE: 107,357 (km2)
MLt A R EE B OE | D EE « Mw:9.04
(HEREAREHAEARE(2014a2))
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WoWwwowow

.1 BELSATOHBALEIAVMAE
.2 AREHA@AVMEE) DEXRSFH
.3 31MHENSEONTF-MEOREIE  cvrrrcssitssasssssssssssssansnnans
.4 BHIEETIV(EERBETIVL)DERE

.5 F&H
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3. BHIEETIL(REHBETIV) DERE
3.1 BESETOHBALOAAVINAR

BEEZSTO:RH

SIHMENSBONF-MREZEEZ, KREEEORENESDSILERSIICKELEELEZ KT RYE (BHEHDEBIE) DFENSEIELEL
EZEETEHETILELT, HHEIEETILERTE.

BHEEETIILOZUMERL, EBFRETIVICEAEHATEICES TLEFRKUAEZ LRLIZREADETIVICE TSI EEZHERT HEICKYER,

No. a4 REFEA OAVRAE
1H23H — . . e _
S57 E1GEEEEL A BHIEETILOMBEBREUMWOZYHEICDWNTEHRBATRIE,
s58 18238 HHIEETILOREAZENIL, KIRNYE BRI RYEERET HIEITEEIMVOTAEL, FRESETHAELTL
F185EBEESE AN, BEEEEERELTRBELIGRICEDLSLBEENH DN HRET LI E,
S59 %mégga sa | BEEEFLORRELKICEDIXT UBORS LTI BEICEOLIBRENBINRAT 5L,
S60 1A23H FTRYDFHEEEZEZRBELE-ABRRETIL, TINBRETIL, BHIEETILOXRKITRYED, RLEBELWMIEEGZ->TLY
$£185EBEES OERTH L,
1H23H — o ALt i (— _
S62 B EEAEL A BHEETIILORIMEOZLEICONWTEREAT SIS,
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3. BEEETIL(REMBETIV) DRE
3. 2 KA @OAVIEIE) DEXRFE [se BT rErns

WA (A REE) DEKRAE
(D3t EISTELON-HRDEE

SMHMMEDHERHZBETIETIL(BRABETIL), BEEFHFZEEITSETILCGERERETIL) DLERENS, HFHEETIVL(REHREBEETIL)
DEREIZHI->TRMAVELMREIL, UTOESYEEINS,

i REIZEST, BRI -ZEMICERLTIRNYSHTDORE—ELARLNA, KA DERESSICKELEELXRIZLE-DIE, ERME(ER
Bh) TELU-KRELT RYEE TH A (Satake et al.(2013), 2B (FH(2013)),

i . BRIREEET L GhERFN) SERRFET L GERE) ITIEVARond ERERRIEERE (2012) 1) ,

iii. BERZIGEVBIEAD—X L (=HhEHME) BRI HETILE, LERAFHOENS (=ZEFHE) ZBRITHIETILEXELY, BETILOESF
EHEHLDIE, SERIFITAREFEETHS (BHFEH(2013)),

(2)F L ET L (EEMBET V) REICHI->TOERS &
BIMBEMSHFON-MROEEFERERFR, UTOEXAHICEDE, LEORRFUEEZETIVICRBRT S8 AN, 311#EEZ LR HHRED
FEEET IV (REMBET IV ZRELT RERKEZTMI 5.

a FIR: i, iR
O EHFEOH R THEFDO KT AV (EEE) OWIRFHEEZEELIZET /L, QFRIFEOH R KO RFE(RRHBOREME) EEEL
EETILOD2DODETILERRELTRET S,

b. REZHEB/R I DHRIE
ROTEAMARFFHEOHMEIN, SMBLRAKOWIERETRETHERROLGNI LMD, REFDRKSSICEZALZENAREVERR
HOKRI XYL (EEE) OBWIEMEICPLENFETHAREREZERELT, REMCSADEZENREVKRT RYE - BRI NYEDOMEZRET

5. EX
c. FIR: i DR

ORI - BT RS, tERETTIHEERER (2012, 2014a) AFHEL =M WAL A K FEF AR O MR (B RIRE : =REAhE~ KR
M, HERR Mw0.0) 1Z ERISRIEDMEAFELE T HATREME BV EFT SN DD, [REORBRIFEERFEILET IV (BEHRBEET L) [SEYI
kg HEmMND, LEODETIVIZONTIE, BRMEETLEERKEETIILOMEBEDENERT NI -BRTAYBEOITRYEDES
(#920%) ELTEET %, £, LEQDETIVIZONTIE, KRB O binzd =RERILHETIHEXRT 5,
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3.3 JMMENIEIN-MROBEBMER: i ))D
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(BWRF) TELEREGIRYBETH S,

N

i [REICE-T, BREM - ZRMNICERTIRYSTORY—MENRonl=D, RIRDZEKSSICKER

Foa

ERIFLE-DIE, EIRMTE

- MMHMBICHSERIE, BREICHETIEHRPRFEDERSSORIE) &YL, ZEAOREDERSSORIE) DAL N o= ENEFH

B TH S (Tsuji et al.(2014)) ,

- Satake et al.(2013)[F, JEBIKIA o /N\—DavBHNOHESNEHBETLZRAVT, BEREHARE ZEARRDRRSSICHELEZTARY
RO TEREL, BEHEFRFEDERSSICHFESL-I RYMEEIL, 860FDMEICHIZRDFELERE THoELTIVD,

18964F 19334F 19604F 20104 20114

Ba BRI FYU FYU Hdti)
AFEFEH
. 40.57
- 40
395"
e
r39°
- 385°
o T T
* Matsuo ©Matsuo < CFl < Runup © Runup Q 10 20 30 40
& ki A ERI “JMA 4inundation 4 Inundation P
= Yamana ® Kunitomi = Tide gauge Tsunami haght (m)

1960 R U2010EF ) EREARBERNTRELS:
FLERDERESOLER
(Tsuji et al.(2014)IZ—EBANZE)
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3. BEEETIV(EEHBETIL) DERTE
3.3 311EMSEON-MEDOEREB(MHR: i )Q

- BEEMN(2013) &, BAIRRKRR, BAMBEST —2FERAWNVUaq M UN—DaVvBALHEESNERIRKRETILVERVLT, RFH
HAMHE150mKRRADERERSICHFELLBIMMBOTRYFHONTERBLTESY, KR, EEIALER RO BAREBEHEDXLL
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Figure 2. Waveform comparison and slip distribution map. Left: Comparison of synthetic waveforms (red) with
the observation data (black): Right: Slip distribution inferred from the long-period seismic waves (<0.1Hz).
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Fig. 1. Changes in sea-floor elevation between bathymetric data before and after the 2011 Tohoku-Oki VE=5 143°30' 144°00" 144°30'
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the 2004 data (E). The yellow star marks location of probable submarine landslide. data. (B) comparison between 2004 and 2011 data, and (C) comparison between 2004
=@ L om . and 1999 data. respectively. Red and blue contours show standard deviations of the
“HE&LE (Fu-“wara et al(2011)) landward slope and the seaward slopes, respectively. Crosses indicate the minimum
o peaks of the standard deviations. Arrows show vectors of horizontal shifts from landward
B§1 ] %’I’E & U\:ﬁﬁ“ ?‘I’E D i"ﬂ E#o) g‘f-l- to seaward. (D) Schematic cross-section showing coseismic displacement. A sum of a
Fuiiwara et al.(2011 vertical displacement and an additional uphﬁ f0¥ a slopmg. seaﬂpor Co_rresp(md the
Table S1. ( y ( )) observed seafloor elevation changes shown in Fig. 1. The inset 1s for illustrative purposes
Estimated coseismic displacements caused by the 11 March 2011 Tohoku-Oki (not to scale). (E) Bathymetric cross section at the trench. Red and black indicate 2011
Earthquake in the outermost landward slope area, off Miyagi in the Tohoku district. and 1999 data. - o
th BRI 22 L D B T E X (R : (D))
Landward Slope S;s;\:;;’d (Fujiwara et al.(2011))
Sicvey e 3 Seafloor
Years Horizontal Displacement N Vertical Additional Seafloor
evation . . .
Distince Diteetion (Fig. 1) Displacement Uplift Llevation
2011-1999 56 m 113° +16 m (6=9.35) |+10 m (¢=7.50) +6 m +0 m (6=5.32)
2011-2004 50 m 117° +11 m (6=8.53)| +7 m (c=7.22) +4m 0 m (6=8.42)
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BEHELEETIV(EERBETILO) DERED
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ETIL(HEMBETILD)ZETET S,

X1 BHRAOEEHTERIOEADEICEHTIMEROFMIE, MERAEM2. THRIAMARKTF PR OME | OMERR (p12~19) IIZFEEH.

MR (2012) EFIL Satake et al.(2013)
558 ET L

.....

HEBIEHM (2013) ETIL

SMHBICHIRREBER Y HERKRET IL*2
X2 BERHBRET L OBELHREAEH7. 2011 E R AT b EICHS 2K

DHEIRETIL (p49~51) IIZEEH,

FRRKREETIILOLLER

EFIL Mw S ETE
RE R (2012) ETIL 9.0 119,974 (km2)
Satake et al.(2013)558ET JL 9.0 110,000 (km2)
H#EBIEH (2013) ETIL 9.1 112,000 (km2)
EHEHDOKRTRYBOHE
B EEELETIL 9.04 107,357 (km?)

EIRE D AT YD
R EE R L
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B
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##1‘2‘&1t{7;1«(£5;€&ﬁ1§{:ﬁw®)

s EHESRDOKRTRYBD HHEETIL ANER (2012) ET L OB ERE
. IR HEEEEL-ETIL (HEHEETILD) (119,974km2) L D EFEEE T
FE—AURIT ZF2—F (Mw) 9.04 9.04 9.07
#rEmETE (S) 107,357 (km2) 107,357 (km?) 120,000 (km?2)
EHIEABTE(Ao) 3.13(MPa) 3.11MPa 3.00MPa
HEE—A2k (Mo) 452 x 102(Nm) 4.49 x 1022(Nm) 5.12 X 1022(Nm)
HARF YL 6.21(m) 7.69(m) 6.56 (m)
(EFERUVEFELLER) (85,165(km2), 79.3%) (49,872(km2), 46.5%) (—, 80%)
ERrEE 3.84(m)
4+ | (EBRXRUVEELR) (57,485(km?), 53.5%)
’J KERYE 12.42(m) 15.37(m) 13.13(m)
2| (BFERVERELR) (22,192(km2), 20.7%) (22,192(km2), 20.7%) (—, 20%)
BRI RUYE 24.83(m) 30.74(m) 26.25(m)
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EHTRY= 8.43(m) 8.37(m) 8.53(m)
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PFEIRF (2012b)
RIEEE (1) T R%%(2002) 50%10'"°(N/m?)
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. F910kmEA A DR (#8 .:agmbéﬁt — -
#:1107) TIL—MERE Bl
3R INSA—H BERHE HEE
. FRYSTEDEEI= B 47 i T (Sos) Wi FEE % (S) D50% 53,678 (km®)
TI&, /DB % #40km Y FTRYZ(Dos) FEHgFTRYR(D) D05 [4.04(m)
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\ 4
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(3) REA DRI KAL GREH L) D L
FEEET )L (BRERBET L) (X, RERBMICETHRE, TUICKEMBLZRATRELBAKR QBN S, FHERATICEERLI=311
HRICHESRKRE LEISEERHEELT,
X1 IBICHSRBROBRBHRMOHMIE, HWEHAAHS. ERMBHTEA (039~40) ISR,
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— AR
—— HEER
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No. AV NEFHA AAVRAE

S57 %,18%25 an | BEEETLOMBERRUMVOE SISOV THET L,

SAMBICHESIERZLEICERT 2FKBRETIILOMBERE (F911~127 (km?)) [, Eiﬁﬁ'nzlﬂlﬂ@k?”\LJiéﬁwﬁﬁii'ﬁIi"é%ﬁbf—##’liﬂ:
ETIILOMBERE (8910775 (km?)) KYLKRENTLEZRLT, MIBEE (£910.78 (km?)) ZREFFLI- LT, REMORRESITEZALHEEN
REV, RKIRYE-BRIRYBDTRYEZEHK20%EIELHEIEET L (BERMBEETILO) ZHREL

SIMMEROEREMDOMBEESE (TL—MEROBWIE), SV OEBLKR GEFEE) RUFRERTOEFKE GEEREM L) D&MD,
BETILIE, S11thEZ LRISRIEDETILTHHIEEHELT-,

UL DBREABREVICEHESFDOKRT RV - BRI RNYBOMEDREER 71 ~19)EHFEX, HHELETIL(EEHREETILO)Z
UTDEBYREY %o

(EHERFDORTNYEBOWIRFEEZZEBLFHEET IV (EEHREETILO)]

e
30.74
4 15.37
(! 1.69
3.84
|
[/

. 100 ke
———
I
o 30.74
i 15.37
7.69
3.84
|
i/
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RS S HE L]
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o Ffz, KEST - OKMRZIBE R EREISTY .
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o = o - - Ul 12

B 115%%0:1 zﬁ%ygn 315%%@ wﬁjé%(u 2-3%ﬁé7k|:| gjuﬁggﬁfg
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WiFHEETIL(REREBEETILQ)DRED
o BEEFIEN(2013)TIE, S1HMEBEICHEIZREDGENVERAREICERON-ERAEEAYOERLGAIHEEDROREEZEREZHIEMEDEE-LS5E
DERELTERRRET ILE
SIHERDBKREBEMEAICEITHEERAERL, SIMEOEBOITANYLSTETILELND, LRERIEDEEBICLKDLDTIEGENEEZ LN
Bh, DIEEEOCAREEMOIDBEM T RYITERYORERESEIERDIDEEZAONDZEND, RERIIFEEET IV (REMEET
IV IZRBTEIDENHDIEEZALND,
ULFBFEZ, HMHEETIV(EEHRBETIVO-1)EERELT, RMNESDIEEEOEBEMT RNYVENEET S EMEZEELESIEETIL
(REMBETILO-1)ZHRET D,
[#2 85 (FH (2013) ETIL)

sm
7om
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6om
s5m
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TRYBH T (AE)
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A

29.35
22.01
14,67

PNERQU=

~bYi
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D

BHELEETIV(EEHBETILO-1)

20 HEEETIL HiEEETIL
(H#EHBETILD-1) (HEHBETILO-1)
E—AURIYT ZF2—F (Mw) 9.04 9.04
W mE A& (S) 107,357 (km?) 107,357 (km?)
EHRIEABTE(Ao) 3.11MPa 3.17MPa
HEE—A2k (Mo) 4.49 x 1022(Nm) 458 x 1022(Nm)
HRFRY L 7.69(m) 7.34(m)
(mHERU@EBLLE) (49,872(km?), 46.5%) (56,675(km?), 47.2%)
ERrMEE 3.84(m) 3.67(m)
(mHERU@EBLLE) (57,485(km?), 53.5%) (50,675(km?), 52.8%)
¥ | KeRYUE 15.37(m) 14.67(m)
'Lj‘ (mHERU@EBLLE) (22,192(km?), 20.7%) (24,875(km?), 23.2%)
B | kT RYE 22.01(m)
(mERU@EBLLE) (11,732(km?), 10.9%)
BRI RUYE 30.74(m) 29.35(m)
(mHERU@EBLLE) (8,078km2), 7.5%) (6,201(km2), 5.8%)
ETRY= 8.37(m) 8.53(m)
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____________________________________________

> EHHEETIVL(EERBETILO-1) EEED:H,

ML S E R (0845 HR)

BINGA—A—F
INSA—=4 BEAE BREE
Wi FEEHE (S) SRR~ RIWE A (107,357 (km?)
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T = NIRRT (2012b),
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FigFRYE(D) 16/(7 %% Ao -8/ 1 |807(m)
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