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chronologically and listed in Table 1 (data sonree for earthquake mptures: NEIC, IRIS; ocean floor ags data modified from Muller er /"),

Figure 8. (Rught) Seismotectome setnng of the South Amenican subduction zone showing locanons (filled black carcles) and rupture areas (ellip-

1 906¢b\6201 ZE(:%ELT:M85DJLJ:0)%%0)%E$EE§ scs) of significant carthquakes. (Left) Their spanal :::! tcmpol'.ll~nlpml‘c cstumates (modificd after refs 17 and 82),
U (Rajendran(2013)IZ—&fiN%E)

LUEEY, HROMIVSRADEAMBEEZENENREMGEH TRELTEY, EEBEHTERILIEADEF, BEHEANLFEKICRE
AHEHEEZLNS,




13

1.1 BEEEICET 59
1. 1. 4 EFEEICEATHIHTDEED

C 0NERILMA AT BN SBONHR, BROTL—MERTRELTOAIMOISRDEXMEIEIT 5 RSP - HEFH- Bt
MARND, MOYSRDEAMEERASE I ERHEROBEELTERT IEHDRICEBENHHEEZ SN, 2011 ERILMAAT P HE
[SHESKERT RYBERABELES 5.

- ChFE, HROMIVSADEXRMEDHMEFREBEICEATH0MERMNS, ERMRBIREMNGEEICEVTHEEMRTRYBELELELTS
Y, SEEHTEEIIEADEICIIREAHHEEZADELEET S,

- B, BRRICETOERRADOEZDIREE, MOVSADEARMBEZRESEI-HDEAEERLIBD-KEEIZHD,

#9600

#96004F

PR B S () = Dok S Sk B © -m s Dk
ONREOEHF R E A TMONJINO Z

I / IR

8694 15004E L 20114F

B i
MOUSADEARMBREZRESELIERMR POEBHICETH0ER

(% RILEA



14

1. TRALMARFEFFEDMME I OMERIE

1. 2 WIRIEEDRE

@ ®ILEA



15

1. 2 WIEREBO®RE
1. 2.1 ®itAE

HERRE R HEERER (2012) ITENIL, TRIAMARFEFRDOME I ORDOMBEORRE (I DGELERB M E=EAFRRBET YN D
BERAICHTTOEHAESL TMWBAIRE, SHITEIREA LAY, 2011$$:|ti1ﬂ757<¥,$,¢11ﬂ = ERR (ZREH P AR~ TR IR H) [ZMw9.0
HIRICEDATREIE N D, I EETHEL TLVS,

RIAE M RHEEARE (2012) DFFME LY B SOICERREAENY, ZREHILEOCERACHIRAMERET DAREMRIZONT, BERERHDEEEIC
MNP HZREHILER, =fEAHE, BRADOEEERVT I IANERICET 50 EITo-LT, EHEOEHFIZEITSHMBRMBEEERIC
EIoRESEELT, UTRELE,

a2 . — T <::>. 4o
Contour interval; 8m - :{—\ A 4 . *ﬁ,ﬁl’ TjEiEj?’

slip(m)

41° | 64
- 56
- 48
" - 40 s
i | Y E&L%{zz%a)_l’““'lﬂﬁﬁ )
24 i
6 Z)I|RFHHEEFH
3 { | s
0
380 ] E:/L; el L f
R § B : K (MOUSR)
C - » 100 (Seno (20 4 VESEIZIER)
3 Yot km .
36° Mm}:if): I i
(S
o L A R ﬁ&%%mﬁ% il
138° 13'9 ' 143B 144” 145 B ] -
b A KEF R HED ERIE BARBEAVNIBTSTL— I EThEDHMERAEEEHRX 5
(BT ERER (2012) IT—FRINE) (MhEREMFTHEERER (2012) [T—EBINE)

(% RILEA



16

1. 2 WIEEBEORE
1. 2.2 ZEEHILEOEFEIZET 504

« Yamanaka et al.(2004), 7K FIEH(2001) (&, FARY T4 T DEFTMND, ZEEFILEDT AR T4 (AR :AEB) D5, 1968FENDHEL19944F
DEDHBETART4 (AR :B)DHYTIV T EIFIZIFI100%THHELTND, Tz, BRXDTAR)TFAMNERTEIFEM7TISRADHE
(=1994%F) %, BT HEM8UTADME (=19684F ) Z5|=# T &L TLNVD,

RAEMRMEEARE(2012)(F, LRAMRZES5IAL, 201 FRILMA KR F EA, ZEHPILEDOFAICTHRIENLFE DX, COBET
FBEDKBETEAZIFEAERBRLTLESFOEZEANITEHAREEEL TS,

B, ZREAALERIE, FRAERRNIT0ETRYRIMBISADMEMNFKAEL TS ChEREARHEERE (2012)),
DEEEIFNENEEZ LGNS,

b
42N| (@) | (b) 12N M85S 2
| ‘ PPN MI9ZZ
* 1968
| 4 1994 ‘
............ PO 1 X T
gl g
A 4 989 1960 A B P
1968 B OB ED)|
_ oM
‘ LT R — |
R m:‘i" .
A 1446 A
37N 1T 17T 1T 1T 1T 1T 1T 1 | 37N
140E 145E 1930 1980 1990 140E 145E
(@) 7ANYTA L& (b) TL—hDIEHRAHEEND FRARYFADEE B— BRI OB
HEESNIMRE—AVMENE (Yamanaka et al.(2004), 7k F[FH(2001))

(Yamanaka et al.(2004))

(% RILEA



1. 2 WIEEBEORE

1.

2. 3 ZEEHPHOBEZEEICEET 59O

17

Ye et al.(2012) &, BEDHMERERERE, 3 YRE
EHDITARY[ZKYFEADIERINBIEHEFEENE (SLSR (Sanriku—Oki low—seismicity region) ) MIFET D EFBALMIZLTLVS,

SR U201 1 FE R L A K F;

PHRRORESMEFOIFMNG, =R ERICIXIEH

ERAEARMEEARE(2012) ([, BEOHBEREBENS, EESNTOSIMET—AUIHMEBELLTRKIFEAERBLTEST, S5I2, 1989
F, 19926, 1994F D= EHOMBEORICIFMBEET RYUMNRIofEL, DyTI T FMD BRI R D ENENEFHAL TS, BE, TY
REATEIV201FERILMAKRFEFETMBETOITAYSTMND, MODMENFKELIRETHIEEMBED T RYEZELISEEALNDEL

TWa,

T L L S 0 L
@ AL 1968 i
45° L \ / ]
o i , i
8. 401 g
‘“. ® = i
] o ; i
] . - i :
o7 9 — 193
2 L ' i
2 5 1897
38 ‘ —
) r 1915 1
F eo L i
1 37¥ o
o of,@8 NEIC Catalo i 869 1
‘ f. mb >5.5 36 Tsunami Source |

.'o‘. 6

. & $L e 1 January 1973 - = .
301 $oe o R LT 10March 2011 C ity ]
130° 135° 140° 145° 150 \35 100km |
Magniwde © 0 O O O Depitvke M ——" paa v boyad s by by g el

mb 50 60 70 80 90 1020 30 40 50 60 T 139 140 141 142 143 144 145 146

1975F ~ 2011 E(ZHITAM55L LD EE

Figure 1. (a) Seismicity from the NEIC catalog around Japan from 1973 to 2011 prior to the 11 March
2011 Tohoku-Oki earthquake with m, = 5.5. Hypocentral depths are indicated by the color scale,
and symbol size increases with seismic magnitude. The magenta rectangular region indicates the SLSR.
The black rectangle indicates the zoomed-in region in Figure 1b. (b) Map showing the location of the
Sanriku low-seismicity region (SLSR), and schematic rupture zone of historic large earthquakes along
the northeast Honshu coast [ERC, 1998] with blue dotted ellipsoidal shapes and a gray dotted shape for
the 1896 tsunami earthquake source area [ Tanioka and Satake, 1996] updip of the SLSR, respectively. Slip
contours of 1, 10, 20, 30, 40, and 50 m for 2011 Tohoku-Oki rupture model of Yue and Lay [2011] are
shown along with a red star for the USGS/NEIC epicentral location. The darkly dotted ellipse indicates
the approximate location of the 896 Jogan tsunami source region [Minoura et al., 2001]. The dashed curve
indicates the position of the trench.

(Ye et al.(2012))
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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 southem end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southern 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.
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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 = 7 earthquakes since 1926 (green lines, Uchida et al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida ez
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi ef al. (2001) and Uchida er al. (2009).
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Fig. 2. Interplate coupling coefficient estimated from small repeating
earthquakes for the period from 1993 to March 2007 (color). Distri-
bution of small repeating earthquakes (black dots) and coseismic slip
area (contours, linuma et al. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (lgarashi er
al., 2001; Uchida et al., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida er 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
2005 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.
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Fig. 4.  Schematic figure showing the distribution of the hierarchical
structured asperities at Tohoku. The circles show asperities that have
internal structures. The arrows indicate aseismic slip. The dashed bold
line shows the NE limit of the Philippine Sea plate and the dashed thin
line shows the down-dip limit of the interplate earthquake. The area
between the down-dip limit and the Japan trench has both seismic and
aseismic slip.
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3.2.1 EEMBETILEHIEETIL)DERE : TL—MEREBRDOERTE
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AERT(2012) TlE, BEEOERMBETILOHBEADOTEHTRYEIL, ZEHMEBTTIILOHBEO I3 28 UUR (Ry—1)2y
AN ICKDIEHTARYBEMNR—HTHEEXEARELT, 201 ERILHAKRTEFFHE, 2010FEFJHE, 2004 FERXTFSELHT-HHR
DEXMESL BREDTRELI-MWSLLEDMEZRRIZ, EHIEHBRTEEZERELTLS,

EXMEDERMEETILOEYEABTE (6FEH) L, FEHETI.2MPa, EHEICIEEREEZMNA-{EIL2.2MPa (EHENSIELRE
#5|LV={E(X0.7MPa) TH B, LHL, Mw8KYH/INSHEZEH L L, BERMEDFEHNIEHBETED FEHEIL3.0MPaTHHELTLVS,

BIRERT 2RV E SIS AR T E0EE (R (2012))
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2003 Tokachi-oki Tanioka ¢t 4l (2004) Tu 1.00E+21 § %00 26 041 041
1946 Nanka Satake (1993) Tu G SQ0E+1 §3 59400 0] 015
Kato and Ando (1997) Tu G 40021 83 MO0 08 010 20
Tanioka and Satake (20018 [Tu 530E1 84 56500 1 004 '
Baba et o, (2000) Tu 490E+21 84 52650 | 000
1944 Tonankai Satake (1993) Tu G 200821 8 48600 09 030
Kato and Ando (1997) Tu, G 28021 82 432000 08 010 2
Tanioka and Satake (2001) Tu 200E+21 Al 4252 0§ 02
RIAAATEIE |NER Tourari+GPS LAl I < I O 039
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3.2 EEHBEETILEELET L) ORERV R LHORHE
3.2. 1 HEMBETILWFHIEETIL) ORTE : KTRYE - BRXITRYBDETE

- RNER(2012) TIE, 2001 FE R A KT EHHE, 2010FFHE, 2004F AT LSHELNSE-HAOEXRMEDHETEHORAEICEDE,
EEMBETIVICBITARTARYBOEEEFICEAT2HHEREL, mEN IJOERMEDZEMBETIVIC, FEEZUTOESYEREL
T3,

> RYRYEGZRBO T RYED2E, £AREIED20%IEE
> BRIAYEZRTEOTHTAYEDAME, 2AEEDS%IEE

BRMBETIVICB TS RELTANYBEHOEE

(2011 F L5 A T o3 ) (E5hCHAELMOLLE DB )
RELGITANYGEE | KEGIAYEE REGIANYEE | KELTARUYFEE
B2k M | GFE#x 1.5 LLE) (g x 2428 L) HWEL - SEH w | (EE X1 5fELLE) (F3 x 24ELLE)
2E %) &% 2 & (%) {E1 %% & %) 5k & %) Bk
A 1960FEFUHhE
@Fujii et al. (2011) 23 1 18 1 Fuiii and Satake(iZAEe) 9.5 30 3 19 2
Q@5 #IEH(2011) 20 2 20 2 = =
~ — 196457 SANIME 9.2 30 2 25 1
QHNEFHEFETIL 9.0 Johnson and Satake(1996)
(BN - ; Z : 20044 B
Ay py AT BiRHE
@EEE+HMBREHETED R 9.1 18 1 18 1
HhA NS AR 26 1 15 1 Fujii and Satake(2007)
_ 1952F h LF U hihE
iy 24% 1. 5{@ 18% 1. 5@ Johnson and Satake (1999) 9.0 33 2 25 3

(AEBrS O CTREL-BREE] 20106 F R 8.8 22 3 11 2
= Fujii and Satake (¥%F&th) '
RELTRUEHE KEGT Y =
S (85 x 1. SELLE) (Ft x 25 BLE) iy | 2 | 22@ 20% | 1.8@
WE®W | Ex HE® | E%R Ty -
HERmEEEEE | HRT=TATFEREIESS
(1 Tanioka and Satake
ooty ] AN I i .
(2)Baba et al. (2002) 25 i 12 1
JOAGERRMBEME |,
1) Tanioka and Satake
oty S R 0o .
(2Baba et al. (2002) 31 2 24 3
1854 R
D74 (2006) 25 I I 2
Fiy 27% 1. 808 15% 2. 0f@

REFFEAENSIEAMEBEET IR RIDRFELEBEISAT Y, BRAITANYBEERLL, @ ijtgh
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3.2 HEMBET I (BHERLEETL)DRERVR LEORER
3. 2. 1 EEMBETILFHELETIL) DERIE :Murotani et al(2013)DRT7—U JRIED LLE

« Murotani et al.(2013) D R7—1 27 B (S-M, R UD-M, D BEER ) LLLE LR, BREL-EEMBETILIL, BEREDEHFERNICHD
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® 2011Tohoku (Satake etal.(2013),Mw9.0)
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O 2004Sumatra-Andaman(Mw9.1)
X 1964Alaska(Mw?9.1)
& 1960Chile(Mw9.2)
O 1957Aleutian(Mw8.6)
<& 1952Kamchatka(Mw8.7)
O HMHALETIL(MwI.04)

. } B
O 2011Tohoku (RBERF(2012) ET/L,Mw9.0)

3¢ : Murotani et al.(2013)ITRESN TR HEDNSL, MOUSADERMEDHETOVRL TS, =, SEZELLTHERM(2012) ETIILEZTOVMT=,
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HEMBETIL(BEERETIVZEOEEEMBETIVICLSZEFRAHERKRZLUTICSRT,
BHEETIILOBMEIEICSTARAKMELERZE, EEBRETIELAVREADETILTHLIZ LML=,

FIR ORI IR

(FLEH REME TDRKSSH?)

BAKEEERE (M)
ERMEET L spaim | (SEUKO | 28EUkO | 8SEUkO | 1SHokO | 2-35H0kO
B E BIE B E BIE AilE
OWERF(2012) ETIL 12.61 12.18 12.18 12.14 12.00 12.01
fﬁ%ﬁgﬁ%ﬁﬂﬁ’”’ QLNBHRETIL 12.46 12.22 12.21 12.16 1157 11.52
QEFEENMHEEETIL 13.05 12.64 12.67 12.66 12.41 12.26
gﬁﬁ?;g@ggﬁgﬁ @EMHEIEETIL 13.55 12.06 12.11 12.03 10.20 11.20
(BE)2011 FEHAL A KT E M EICHES 12.25m*1

X120 FRALMA R FEFMBOLIRFARBATOIMHIE, FIREVRIGCE,
DM, TER-3 ZNRFARER BERZROREICOVT(HEHRAEH)

(p14~15) |IZEB&E,

X2 BRLET TERRILIIRIRK AL SR R AR DB DZE

Bt i

3k OHE

AR EMLE
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4. REFEOTENISZERBLEZETRAHE

B RBFEDTENSDEZA
2011 EEIL A ARTE M E BIRETILIZONTIE, T RKFEE(2002)25ELLT, MIBETILOEELHEDSHLTL—MEHED T L,
THEEENGEET IMRB/INTA—IDTENSEEET S,

B, RKIRNYBITZRSSICKRELHEEZSZHLEEREL, FHRILETIVERWT, IRYE, IRYSHFEDTHENSEZERET D,

M2011 I AKRFE£hE BRETIL WiEFELEETIL
B ECTE T = — > KIANYEOHEDRENS > KTRUBDIRYE $RYS,
- i RS ORERF(2012) ETIL Q&JIBRETIL ﬁﬁﬁ&UW%ﬁ%ﬁ@*ﬁ#é
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(E#l1dp74~84)

(MRAERTHEERT (2012) (C—8ME) L 5 @ @8A. TAYBOFENS
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ERN DO EZH - B R AR RIS, KITRYBOLME
SELLT, HEBEI#500km) D1/10TH AFI50kmE S TRILICEEISE 1=,
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ME | B AH50kmIBE), EEAKS50kmIBE)
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BEsAKAE LRS- TREX

- BEMEMEICESTAIRAKMERE - TREZUTISTY,

o FRyE

ZINEFAFEER

WK E S (B4i:m)
/ﬁs)(_go)gg.]gﬁlﬂ 1% 2% 3_% 1% 2_3%
Eihaim | EwokO kO HeskA ok a ok a
. B B BIE BIE BIE
AT
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kO kO kO
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