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Fault models and their parameters of the 17th century great earthquake.
Fault Length Width Depth Strike Dip Rake Slip
model (km) (km) (km) (deg) (deg) (deg) (m)
T 100 100 14 228 15 90 10
N 200 100 14 228 15 90 5
S 300 30 6.7 228 15 90 0-35

(O]
(=

]
(4.}
T

k3
L)

Coastal tsunami height, m
& o

17th century tsunami heights

T T f T T T

loki+Tanioka ||
(T10NB+S25)L1,

150

200 250 300
| Distance along coast, km

350 400

Tokachi-Otsu
n Qikamanai

<

Kushiro

Hiroo Akkeshi
]
b N 3 Nemuro
e A Mabiro . =
C. Erimo 100 km Kiritappu -
) _ C. Nosappu
22°N 144°E 145°E 43N

Fig. 12, Tsunami heights along the Pacific coast of Hokkaido (Satake ef al, 2008; Toki and Tanicka, 2016) from combined
model of interplate and tsunami earthquakes (brown), giant fault (green), interplate earthguakes (red for T10OND, light blue
for TNS) and tsunami earthquake model (dark blue). Coastal tsunami heights by Hirakawa ef al. (2000) are also shown.

BEBHRETLICLLIEBERRNAFTOERSS

(

{£47 (2017))




1.3 BHIEETIDETE

1.3. 3.1 BRI RYBOERE

1. 3. 3 LEOEREFHEZEELEFEEETILEELEETILQD)

$E1225E|FEXE (R6.2.9)
BEHE1-1-1 p163 HiB

145

WAREFNOEFRAPLMICHE T HERERE: FHREABKEFLREORRKMEEY (AU NHERY)
FRERAPRVEFRAILBTE, BEIMIVSADERMBEHIZRNRELLEENGVLEEFTA, FHRELBREFLFREENR
[SRREBYREZERL, LEEICHY, 2RERDTREENH IV MEBRYA DT S LEHRALT-,

,,,,,

OREsE

= #&ED

¢ o BT EER

oo [] ERE AP
U mALEHBA
L (ARIER-BAIRR
| CHI#R-DRIAR)

[ 3 mEESN
e l] rERER
e ] A

\LFER AIE

0 oML, E PR OKZEE
5T, FE 1200000 (Mo i)

FEWML IO THD, KRE S

26154, H5%)

[rapurvay

FEAER

FHREILBKEFRRE CTHESN AR NEREY

AR R
A A
e EEZS(TP) HEER(F)
REE 5 #98.1m AD.190%t8
AT BAHED ] #97.6m*2 AD.16504FtEE &Y 1%
ATBHEQ ] #911.8m AD.504tE
Zé%ﬁ Br A £11.0m%2 AD.13004E 4
1Pt
MR ) #97.6m AD.1550%F 8
K =) #96.8m AD.14505FtE LY £
INEEFIR ] #94m AD.17004EtE
RREHEHN =] £97.4m AD.14004EtE
ARIER <) #96.1m B.C.5004tE
=1L Bifl#R AIHE s /
ctilg CillfR ] #98.6m B.C.7504 &
DiAI#R ] #98.4m B.C.28004E 8
EEEERII ] #91.9m B.C.20004E (8
EBEFEZIR ] #96.2m B.C.29504F (8
i3 ] #91.6m A.D.5504E 8
ANIB ] #92.5m B.C.47004F L& LA

X1 FANVNEBEYOFMIE, HRHAEH 1. [+ - REANOEFRIPILHOESEMEISERT HRED

Al 3. K HEEMAE ISR,

K2 ARVNEBEYOEREESEHR T S IR LEN > n, B TELTRIZEEZEH,




1. 3 BHHHEETILORE

1.3. 3.1 BRXIRYEBDEE

1. 3. 3 REOFERFEEERLI-FHEETILERIEETILO)

F1225[MBERE (R6.2.9)

BE-1-1 pl64 FiE 146

BEEFANSEFEALBICETIBREER: EFRRIABRKEFLRFOZREEY (A RUNEEY BRI HRBRETIL
1856 FE MEEDBIRET /L (MW8.35) RURBET IV EEKRICHERBR U ERDAENSEEZEELERERET IVOEZRELTHIESSaL—
DAvEERRLEER EHFERERARRVEFEAIIICHMT HEREEY (A RXUNEEY) DN HEBALBIRTELIILEHEEL -,
X1 BEENMOHME, AEHM1. 1 RHFORPH - BN REREXREE R R R RE DM (2.

FIRME/ NS A4S

CRBREETIVL. . ..

‘s = 1856 M & 25
: ' o 1 .
W/ S5 A— g?;; HOTFRED
i PE ) _
SH—R 20
IR ZFa-N Mw 8.35 8.6
RE L (km) 120 160 - 15
© ’ g W (km) 70 93 B
=10
M 6 ) 205 205 (m
WifE EigiRS d(km) 26 26 5
, {ER A 8¢ ) 20 20
A (R FRYH re) | e %0 0
s[S7a | e HE EEL410°
) {2, B0 TARYE D(m) 10.0 13.35
25.0 S
<3 L 1SS6EDEE (MWE5, BEEF L) =
20.0 — TEENS — 2D (Mw8 5, M) i, EUEE 10 )
CTFENS — 2@ (Mwa 6, FEM): i, HUEL10° )
0 AN HETED
@ 15.0
i
5 100
(m)
5.0
0.0 =
x M A B2 R RR o EEE OB HE R ¥ X B A B m=-—8 ® 4 VI
m R 0o B B B 7 B &P 2 FRE 3B Z £ N £ WunmzaE P
# i 5 R OA z % #* 8 EBEEB® i
# i ROF OB T # )
A R 2
®
&
PR

STIRGIE 1B T EE KRR (T EHE FRIR278m*2) &/ R MEFRYI D LLER
X2 : HEBEAREDIZOWTIEEHE FREREIImGELES)

BT BAE

[ Ry

[ (N"(')”a) (No.30d)

b o)

[ 27 BfHE MAIR X

I (No.26e) (No.32a)  (No.35b)

0 1000 2000 3000 4000 5000
b EERE (m)

Ry HBIDIZE TSR (& FREREm,
B ER) EA RNV NEEY O LB
X3 AN MEBMAHRELIE RO TRICE, it
EETLCHIESIaL—Sav e R ETAE, BEERE
B (BERREIEEED) EEZLND,

BEMOMIRER
K K n
1856 FE D iEK
NDHEBEETIL 0.91 184
15
1856 FE M EKE D
REEAN S — 2 0.64 1.87

BxeitEn



1.3 BHHEEETILORE 1.3. 3 LEOERGEEZZEELLSELLETILEELEETLO) %ggﬁfﬁﬁsﬁs“;g) 147
1.3. 3.1 BEXITRYBOERE

WEED
- MOUSADEXRMBEANREL-BEDEROFEGTREBRI NYEHEDEEDEREZEEY 516, BINMEBICHIZROZEHBE BN T NYEH
EDER, MREAILEFRIILAMTHEIESATODREEBYRVENEBETHZRRRICEISHMEZINEL-.

SIBBRICHIFZRILHEICHEZRFILEABERDEZRESICKEFELEDOE, EXNTHIBEORELTAYTHSELLIC, LBERERF,
FRERAHARVEFRALMRFORZREBYDOIHZEHETHERKEL, 31MHMBLRKIC, EXTHBETRELLZRICLSILDTHL LE
EED'L\L/T—O

UMD, +Hd-REANSEFRALBDOLEDZRFEEEBLLAFEIEETIVERET ARICIE, +HH-RBRES, ERERAFRVCEFRIIL
DB FREELIC tﬁTALJQEEE%Téz\Eb\&é

E139° E140° o o °E147°
e 139°_E140 E142 E144 Ejé‘lsr

Legend

EIF'EUFT

“500-nen Kankaku Jishin” tsunami
deposits

1940 Shakotan—oki earthquake
tsunami deposits

= EA Nd4° | Japan Sea - "

Sk

1640 Hokkaido Komagatake eruption
tsunami deposits

— -

e ¥ < o

] \ (" ¢ Hokkaido o ) )
m ’J‘EE‘]”;R ‘\ ) 1\//( ’ L ' Lllglsﬁzhlma oshima eruption tsunami
RRENRHBA s - . - Paciﬁc;Sea |
e [, W e O mEEERRICST RO
(Alﬂll BIEII R | | ka 00-nen Kankaku in’ = - — 3
e N B (BRK (2013) I=—FI0%)
[ BRI
co [ mEmER
focls L “4%wm§¢
1¢;;#ME .......................................................... fl:i 5 ‘f:fﬂ.,

\

/
FRESHRY
FR

F
i":‘ aLER

| SO, [EEERR ORRE

| 5T, B HXI200000 (M4
PERLILOTHD, UKRE

Y2615, 5557%)

\

7 ik 1 [ ¢} 4 (}\ Y. Z5. 555,
SRR AT AR LSRR O T (IEAE) RILEAN



$E1225E|FEXE (R6.2.9)
BEH1-1-1 pl66 Hid 148

1.3 BHEEETILOERE 1.38. 3 LEOERFMHEZZERBLFELEETILUHELEETILD)
1.8.3. 2 LEHOERBFEEZEEL-FHEETILOSRE

WEREAEHOD
SUHIED RGO RFE (RIS ZZEEBLFHEET IV H VI HMBIZE TAKRIT RYDREREISBON-MEEBFEZ, [+d-

BEMNMEFENIHOEETEME OLEOERIFEEEBL-FHIEETIVERET S,
X3 MMEIZHTALREOEBFEEEELHEEEETIIVORTESEZOHME, MRHRBAERI . T+ REdHhoAFEFIEOESHEME | (SRR T HF RO THE
6. SNHMEICHITHLEEDERFEEZEE LS EILETILIICES,

(B11MEDLEEDFREE (RFE) EFELEFRHEET LA G/ONAR D RER]

i BRIANYEOME : BRI NYEEZERERET S ETLEOZRRIZHFRTE, TOMEE, HEZH-AIMPHNR (TAR) T4, BEFE
F)EHFATERET %,
RIANYE- BRI ANYBDTNYE  ZEFEHN (2014) ITRSNDTAYE, BIRLEREZEFITRET 5.

lﬁtd’/\uiﬁwsﬁi IN~hifE K BAEE
BFEG EMEFTEHEEEELT ABENLIL— I EhEDRLEMEEE (~Mw8.2) (~Mw8.8) (Mw8.9~)
BR<EREHICERTE ; : 5
EHE 31 1EROT YN ERIR, FEEOESELCICEEORK H—gRY 28T <Y IBETRY
REMRTHSRINGIEMEETRYDOREEEZEZELT, EEEFE
BOHBEITHRE, S, D —- 0.48, 2D
N HN 43
s 0.6S, 0.33D
¢S T 0.15S, 3D
L mERm0 | AT AU
. BRTRYE y 0 KT RYsE : |~ 0.25S, 1.4D
‘ | H R : G
LS RFELEoER ! |~ 0.6S, 0.33D
«— EHEHO . D EHTARYR ;
T BT AU S e e
NIRRT RBFEH (2014) [k HMwB.ILL E DIREDHED

139 140 141 142 143 144 145 146

B Z R BhiE (SLSRIDALE
(Ye et al.(2012))

RIRYE - BRI NYBDHRETE

\

i ‘ = D Z3.5Dd5,
ST E DR O RIS E R LB L ETIL (}\ sRILE|A



F1225EBEELE (R6.2.9)

1.3 BHLEETLORE 1.38.3 LEOEREEEEELBHEETILBHELEEFLO) #H-1-1 pie7 i | | 149
1. 3. 3. 2 LKEOEERFEZZEL-HEILETILORE
WEREHEHO

[BIHEICEIFTARITARYDFEAEREIZZRDIANE]

iii. BRXENVEDTANYESH: BWENIZH T HERMBBDORELITANYDREER RABDWIREERELIF(FIVIF—/N—a—h)
ERFEZ, SIMBEOLEOERKFHEERBLFEEETILOSLEHRFDOIANYES AL LIS HHT-REAH, ERERAFRVETF
R DOMEFN - AMPHANR (TAR) T, BEF) EHFATRET 2.

WA 1S4 —/3\—22—k(Ide et al.(2011))

v 3IER, OXEOLER\#ENGT Y, QFBIZHTEEEREMS T HRED2DODRFE—FM 545,

v 2D, ODOFTRYFHBURNCEZ SN TW VDT HERRT B2 TIIEL, SHITTAYBECED, BERITERAITL— M TENBHEASRELIZCEADHTE
SN, cNDBF A FIVIF—N—2 21—~ EBRBREITRY) EFIENEERRTHS,

v ERBDEAFIVF—N—Da—bE, ENITEIDREDIRILF UL aGHIRICKY RSNz REBAIOBREAFELLTNIE, EXGERIERELGA T,

p———m g AR /s
0 05 1.0

0

@ ~ 3 B ¥R (EERK)

ff‘a

@~40% ZFEBIER (SRR

38

37° 1Y

36 ;3
BRI

35 f 0 10 20 30|
B FAUEm |

o  —
L 0 50 100 150%  200km i i\ L
1407 141° 1427 143° 1447 145° @~90% FEWE BRAK
e Mg
(ER)AVA—#FXYED D, 0309:HIE (MW7.3) DAN=X L, MS: KEDAN=X L, ?;ﬁ 7
«

0312R U0314: RE(FNEFNMWESMWE.1) DAN=X L, BR:FIEDER, R REOER,
57 WRE—AVIOBREREDER (AR TAYRESIMDRFTvTavk

34°

(Ide et al.(2011))
B EOHIEBEDEX R (FHH (2011))



$E1225E|FEXE (R6.2.9)
BEH1-1-1 p168 Hid 150

1.3 BHEEETILOERE 1.38. 3 LEOERFMHEZZERBLFELEETILUHELEETILD)
1.8.3. 2 LEHOERBFEEZEEL-FHEETILOSRE

BERITANYVEDME : +EF-RER, FRERAPRVEFRALBICETETAN) T4 EMEER/2—2

BEHRERERAMRUOEFESILERIZDULVT, Yamanaka and Kikuchi(2004), 7K FI1FH (2001) (7 AR T4 DR DETIND, TAR) T4 (EE:AEB)
M55, 1968 FENMEL194FEDMEDHET AR TABDAYT) T EIFIFIF100%I258L, BL2DTARYT4NEBTHIFIEM7ITADH
B (=1994%) %, EEITHEMBISADHE (=19684F) 3 |Z#EZFELTLVS,

TR - iR I DUVT, Azuma et al.(2012), E (2012) (X, 2003F+fhE1973FERE DM ED M ER TRV, MEREMEDZE B (1952
F+EhhEERRE) OB EEOPREEBENS, TLU—MEREMND D REHEMN2003FEE1973EDT AR TANTEBESN T, ZTAETER
EMERIESNI=CEMND, COEBOTANYKEKL, HMERICHEDEHE T THHTNELIIBEFDTARYTAIZEHLTTRSLA, hERMIEE
ARICEMETHMEETARYEFRCSHVWEHMERETRYB THAAREEN TSN SEL TS,

43"
42N &3

41"

40°

142°

37N 141"
140E 145E

EHRERAARVEFESILIIZEITS
T AR TADEENI—2 EMERIEDBEZR
(Yamanaka and Kikuchi(2004), 7k %A (2001))

TR - B RICBITEITARYT1E

2003F - ~1973FEREHDER
: BB OPKRE E & (2010FA148)

0 50 100 150 200 (E(2012))

Distance (km)

"2 3 4 5 6 7 8 Yo me @%EE%!J%




$E1225E|FEXE (R6.2.9)
BEHE1-1-1 p169 HiB 151

1.3 BHEEETILOERE 1.38. 3 LEOERFMHEZZERBLFELEETILUHELEETILD)
1.8.3. 2 LEHOERBFEEZEEL-FHEETILOSRE

BEXTANYEDOMIE : + B - REFICHE T HEFH R

BRALKRZ(2012) (%, /MEYRLHE GFREME) DFBRUVENALHEEINSGTL—MEMET AYIZDONT, SHMETRELGTRYZELS:
BERERAICEITIRMEOELUENSTHF - REPTERMEASRLET HAIREENHEHEL TS,

e, BAGE TEBESNSAMMEOEMEETE (TR F1IREREBR) &, TL—rOHNBNYNZELTLSAREELEZONDELT
L\%)o

142° 144° 146° 148° 1 - ;
: . - @FL—EREMER S TR
g“ ‘ < |°® O)S=AUET: PPN (FTOBAYTY Y (EFRYL—h) ]
- 1

* [ 739 0

42" I o

417
Ceupling Coefficient

00 | os G0l |
_ _

Depth(km) 40

a0 s B QIL—ERMMEREE |
‘ B TFRA{TOM7IREE @,g,g@%o)mm
1. ALHERE A O /MR Y I LR 7L — T 050 GLED . O G Z L —F OREEO A O S & DEVIEL (BHRAHE, ( EEENCHEAE LT
. =2 % —|F Yamanaka and Kikuchi (2004)212 % M7 LL EOHIEED§ 0 85540, HIRITE 3 REXRHHBE) B5' | EER

BICEHORF SR 2HE Uik aRmd. e 34 0 iR LR E MR T

FRAEKRF(2012)  wgom. dbmimssh (£) 3 X0 S () OV R LIS (B 5 X0 huc ko
ELET V= bRy TV TR (7)) DR By TV TRIE 03°%03°D7Y v RZE
12, 3Ll Lo/ DR LR 7 — T DFET AEETC oW THE L. BIORD = #—
12 M7 LA EO#IEOT <0 B34 (Yamanaka and Kikuchi, 2004%; linuma et al.. 20127). BIHCHIH &
homRit, 70U B L— hodb#R (Uchida et al, 2009%) .
BAL K% (2012)

[EREFIZHIT245H])
O KIRNYEERLESTHEETEWAYTIV TR ESND,
BHQ T MEREMBOREGTRGEZETEAVT VT BEAFE,
HHEQ: T MEREMBOREF TRMFAETOM7IISADME (DRYVIRL) A EFHE.
@ BELFEOEMREFHLERVRLMETES,

OwitEn



1.3 BHIEETIDETE

BWEXIANYEDME : + - REPICH (DRI FR R it

1. 3. 3 LEOEREFHEZEEBLEFEEETILEELEET L)
1.8.3. 2 LEHOERBFEEZEEL-FHEETILOSRE

F1225EBEELE (R6.2.9)
E1-1-1 p170 B

152

E L #h IR (2012) 1%, 199949 A M 5200348 A £ TE2007FEIAMNS2011FE2HETHD T RYRIEFEE S HHMS, MEIRT, JIRPDEESTY &

REAOEFYISEVCEFEEENAEESN, TOLAYNCERMEDOBENEEMREEZE T OMBEESIENTESELTNS,

a4°

43° |

42° -

41
T T T T T
142 143° 144° 145° 146° 147° 148°
— B BEfto S35 57 Y —
|
wwwwwwwwwww
20 4 2 0 2 4 6 8 4 16 2
RYEE (om/yr)
ART—TALBREZE, A M4.0), ZEMT.0) THRF
IKFEE LETEH
e e
b oo | oo
N
- -y iy
PRSI N = -~ [
*, * -
'f"f‘ﬁ%&\ > et gt
¥ "::,:\ = v e
-« Zv
e i ¥y
= bt ol
o e e e e e w p

2 1999 4E 9 A5 2003 4 8 H £ TO VN A 0 KA 3 A
Fig. 2

EorAfi.
Distribution of slip-deficit rate from September, 1999 to August, 2003.

v

- 4 2 0 2 4 5 8 0 12 W oo
RYBE (en/yr)
KRF—TARME, KA 4.0, BENT.0) TRR.
KEEE) ETEH
! wrie! et

q
] -~
e ffyg T~ ons B L
w e e e ue W o we | we e W e w
F3K
Fig. 3

2007 43 A 725 2011 4E 2 A & TOFEERM Y )
Distribution of slip-deficit rate from March, 2007 to Febr

[E x #h 18T (2012)

BEZ, BRINYVEHEZERET D,

B mitEn




1.3 BHIEETIDETE

1. 3. 3 LEOEREFHEZEEBLEFEEETILEELEET L)

$E1225E|FEXE (R6.2.9)
BEHE1-1-1 p171 BB

153

1. 3. 8. 2 LEOFERFEEERELEFEEETILORRE

WEXITANYBEOIANYE  FRERAFRVEFRBILE

ERNTREELTWSEREDHEFH - E FH- BRI R D,

FITRYAFKRERET SN D,

ERERADERVEFRALBICETEIIANVE(EAE)

BRI RYE- BRI AYEDHRE (B

A .

~ Contour |nterva|y; 8m i~

] 3

z

#

e 62~8m

el sl S Ml e/ #9705
19684F =
BERRFICETETANVE(EHE)
o RnewAoL
PN chgemEsncEr | o sy
w | UEREVAZL S mEdE | mExE
- AAL2M S r
k¢ 354 /// ,.f/
8 — P LILEEOT YR
i B G ey (s RAEFATHAERE (2012) I=—ENE)
7 1t P 4
5 o o e AT P et
0 700 1400 £
S

BEREASESEHEADICETOMEBEOVAIILETNYEETIL

(#2717 (2011b))

v

BEHEERAGRVEFESILEIZONTIE, 1968F+HdihE

=2

A EBE THEIERERANRVEFEAIBOXITNYET, REFDRESSICEZILFZENAESNCLERER, RHORFH-

BT RN OBEEN ST AYELRISGHAEDIAYELT, SIMERICEFTEERBADIANYERBEDITRYEEET D,




$E1225E|FEXE (R6.2.9)
BEHE1-1-1 p172 BB 154

1.3 BHEEETILOERE 1.38. 3 LEOERFMHEZZERBLFELEETILUHELEETILD)
1.8.3. 2 LEHOERBFEEZEEL-FHEETILOSRE

BEXTAYEDITNYER

- BHEEREAHARUEFEAILBTHRELTOSEFHEDERES ($920kn) (X, 11 ERICEREHOXRBEEEA—/\—P21—FSE T
(FBEDR A L) BERFESEREETHS,

- HEEH-REAICETESEAYTVOT BB URIT/MEYRUME FBLBBE) OFBMEEIE, SIMETRELTRYZELEERHRAIZETS
B EHELIT B (RILKF(2012)),

[@7’&—Hﬁﬁ¥ﬂt%%$iﬁﬂﬁﬁﬁ]

@ Contour \nterva\; 8m S ®mt§f@%t‘yjl)yb“$ i'E‘G)%_?J‘yj')D’J" (1&?”‘\ LJ l/_"‘)
sow . A 42N ; s : v " s
o | / | ‘ . M'W 142 143 ma' 145 {r ‘a 14‘7V - 148° i 9
56 ‘ o g e
o ! 43° - /ﬁ #o
2 YL *1968M )
?Z B /& %k 1994 N o J
% | % | 1931 = MY | &
A 4 1989 1960 A
3147 1968A i Ceupling Coefiicient i ?a'
P » 00 | 05 oy -
o { (S W 1081 . ‘ T ="
I (== g B
1937 (@IL—EREMERE | N Pl
. . | 1936 " - o T
e B TFRRIALTHOM7ERE R b5 D EIE RO R
§ DEYVEL (EHEAHE | S REmMOERLE
N AU | am BEEBHibE)  miEE
138° 139° 140° 141° 142° 143° 144° 145° 140E 145E

2. JtiErE R () o JOMIEHUTHG M (F) O LS (B Loz kv
ELETV—b Dy TV 7R (hT7—) Ok, By 7V U FRiE 03°%03°0 7 » RTE

SIERORRMELT YD H

m.
lip

(M EREAEHEAL RS (2012)) ' - (2, 3Bk LI 3R LHUE 7 L — 7 BEET BB UV CHEE LTz, ks KO BD 2 2 —
%ﬁ%ijﬁiup &UE%%}¢1[Z%N:B(T% 1 M7 Bl EoOZEOF <0 854 (Yamanaka and Kikuchi, 2004%: Tinuma et al.. 20127) . BAEHI S >
o) .= s e S PhOTARE, 7 4 U BV L— FOILHR (Uchida et al., 2009%) .
FARNYT1453 %, BEMEOER
(Yamanaka and Kikuchi(2004)) (245 8 3R = 5 1 24544 )

O KTRNYEERLETHEETEWAYTIV TR ESNSD,

FHQ T MEREMBOREE TRMTEETEAVT VT BEAFE,

Q) T MEREMBOREF TRFIETOM7 IS ADME (DRYIRL) A HFTE,
@ BRALFEOEBREHLERVRLMETE.,

T - BEAHEEHRADDYT) TR VITHEFEO K

ERERAABRVEFERIE, +EA- R ESHEBE PO MEFMGEUMERER, SIMBEQRBOZRFMEERLSFHEEETIL
[CETEEHEFDERTAVEDTAYESMETEEICERET D,




1.3 BEEEFLORE 1.3 8 KEOERBEESELEBELETLEMEETAD) | apir: oo B | | 155
1. 3. 3. 2 [KEOFRFIEZEELEFEEETILORE
W EED

SIHMEDLEOZREFTEZRBLEESEEETILECIBIMEBICEFARITRYDREBENBON-MREZRFEZ THELEESEEETILE
LITFIZTRY,

[(ERRRAHARVEFREAILBOKRT AYE - BRI Y]
cBRIRNYEDMEE : AR T4 DR O1968F+ Bt BEDORRMEZEFA THRE.
c BRIRYEDT RYE 1968F+HRICHESITRYNRAREET MDD, REFMEDOERT NYEBEREFTDREESITEAL5E
AREVWLEZHEFER, RTHIBNMHERICETIEHB N ERREDT RVEER, TNYEREEFIEH (2014) ZHEFZ THE.
cBRIRNYEDITRYESH SIMBORRRSLOBLMZEREL, SMMBEOLEORRFEEZERLFEHLEETILOEREFOERT N
Uﬁ@?”*"d%ﬁa‘*ﬁ’é*%llﬁﬁo
c RIRYE-BRITAYBEOETE: BRAFRVCEFEBILMOMBEBZEIC, BEFIFN(2014) [SRESNIEBELLREEER THE

(+Bid-REHRDKI AYE - BRI Y]
c BRI ANYEDME : tEFH, BHMPHMRZEEZL THRE,
cBRIRNYEDITRYE T RYBEIEEFEA, (2014 ZBEFATHRE BEERMBE(THIER) ZBRIDETILOITARNYELRF THHI LR,
cBRIRYEDTARYELS T BEHEFOSHYTI T HEFEALRI/MMEYRUHE FRLUTME) OFBRBEOEUEEZEERL, 31MEDLED
BREMEERELFEEET LOEHERPDEBERITRNYBOITAYESNHESEITHKE.
c RYARYE-BRIRYEOEE: T ASIREANOMBEEZEIC, £FHIEH (2014) [SRESNLIEREREETZ THE.

/ (T & 7 77/ _
g4 s LEOERFEEERE LT
A ol : HHEEETIL
E-AUMIY ZF1—F (Mw) 9.06
#rEETE (S) 110,472 (km2)
IR ABETE(A0) 3.27(MPa)
=Sk VAN 22
B -RERO HRE—A2F(Mo) 4.93 % 1022(Nm)
BXT UL EHTRYE 8.93(m)
-‘ & 24715 (0.33D) 2.79(m)
Y ap 10 (EERUVEELR) (64,419 (km?), 58.3%)
I E PR 1) 9 X
7 4p < | KI~AYig(1.4D) 11.84(m)
| BRI Y | (ERRUE#LE)* (26,782 (km2) , 24.3%)
==h
, 5 ¢ BRI (3D) 25.38(m)
Bt - *Eélq:'?ﬁ\bﬁq':,\/qutﬁﬁo) (ERERUVEIELE) (19,271 (km2), 17.4%) . b £S5 b,
LEOE RS EEEBLEEBEIEETIL X BRTAYBERTHVERRERELE G\ ﬁjt%j]



1.3 BHHEEETILOERE 1.3. 3 LEOERFUHEZZEEL-FELEETILEELEETILD)
1. 3. 3.3 HHIELETILDDEEALE

F1225[MBERE (R6.2.9)
Ef1-1-1 p174 BB

156

- BTMERICARSUIRYNELLEERRALBENMELELERBRF-BRPDTIF—IRANERRVHMEZHANENS, KEGTTAYHNEL
HBEMHBERELLT BREE- TEBESNREHMOTIN VAN ERFORLUMRUHBZH R AL, FBRETIIIHMERTR

BNF=RELGTNYNRET HAREMEERETT 5.

. Eﬂiﬁﬁ‘fﬁ\%ﬁ%hf—fﬂﬁ’&ﬂ*iz LEOERFEZZEELHEEET VICRSFREZEBLHEILET

TILIUT, THEIEETILOIEVNS ) EEET S,

VORI EERLT-

140° 142° 144° 146°
o Coast Trench
% 0 T ¥
athrust fa -
g E ------- erpl D >« ;\ > Oceanic
23 251 N y ,"4' -=" B Tsunami Earthquakes Plate T
cz [T Large Slip Earthquakes ~ With Low Short-Period  —————
] With Low Short-Period ~ Energy/Stable Sliding
& 8501 “ " Modest Slip Earthquake Energy -
v With, High Short-Period Energy
Slow Slip, LFEs,
40° Seismic Tremor
75 1 1 1 1 1
0 50 100 150 250
Distance From Coast, km

EHREHD
K NUYHEE

Accretionary Wedge

Overriding Plate

/jl-.'.]7~ /vf:/ﬁlllx

A

36°
Stable

I4VEVEBTL— LR

Slow slip/Tremor

A

34°
Slip(m)

.
\ 10 20 30 40 50 60 70 80~

SHERDITRYENH
(MR E DR HEEARER (2019) [Z—EBINZE)
¥ ORARAATEBILOGEZHFIZDOULNTIE, Kundu et al.(2012) [CEDEE0E,

Figure 15. Cut-away schematic characterization of the
megathrust frictional environment, related to domains A,
B, C and D defined in Figure 6. Regions of unstable fric-
tional sliding are dark regions labeled “seismic.” Regions
of aseismic stable or episodic sliding are white regions
labeled “aseismic.” Medium gray areas are conditional sta-
bility regions, which displace aseismically except when
accelerated by failure of adjacent seismic patches. Domain
A is at shallow depth where sediments and pore fluids cause
very slow rupture expansion even if large displacements
occur in tsunami earthquakes. Domain B has large, relatively
uniform regions of stable sliding that can have large slip, but
generate modest amounts of short-period radiation upon fail-
ure. Domain C has patchy, smaller scale regions of stable
sliding surrounded by conditionally stable arcas. When these
arcas fail, coherent short-period radiation is produced.
Small, isolated patches may behave as repeaters when
quasi-static sliding of surrounding regions regularly load
them to failure. Domain D is dominated by ascismic sliding,
but many small unstable patches can rupture in seismic
tremor when slow slip events occur or when dynamically
loaded by tides or shaking from passing seismic waves.
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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 Gy, = 40 MPa
and seismogenic depth D = 45 km. (b) Horizontal and (c) 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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- Liu and Zhao(2018) (L, W EBRFET ST4—DHEERMND, SIHMETRKELIARYARELE-ERE FICEELS)

EENHHIEEHERL,

BEMMEICHEROSREESOEMMBNAD AT HILEINMEBEORELTRYIZIEFEENHDIELTIND,

2011 My, 9.0

Fig.4. V, hy and ct istics of the 2011 Tohoku-oki ke. The colors in (A to C) show V,, tomography along the UBP obtained by this study.
Black bold contour lines in (A) denote the back-slip rate (5). In (B), the yellow stars mark epicenters of very low frequency earthquakes (VLFEs) (24); the red rectangle
denotes a slow slip event (22) preceding the 2011 Tohoku-oki earthquake; the black rectangles show locations of coseismic strong ground motions (39); the magenta
contour line marks the site of coseismic high-frequency P-wave radiation with a relatively low seismic moment during the 2011 Tohoku-oki earthquake (40); and the
black short lines near the trench indicate seafloor traces of normal faults (34). The blue and red contour lines in (C) denote the coseismic slip (7) and the afterslip (43),
respectively. The other labeling is the same as that in Fig. 2.
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A schematic diagram for
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Fig. 5. Vertical cross sections of V,, (left) and cartoons (right). The east-west vertical cross sections are along the three profiles shown in
Fig. 1C. The normalized residual topography (blue line) and gravity (green line) along each profile are shown atop each cross section. The red and blue colors in (A to €) denote low
and high V,, perturbations, respectively, whose scale is shown beside (A). The white bold and dashed lines in (A) to (C) denote the UBP and the forearc Moho, respectively. The red
star denotes the mainshock hypocenter of the 2011 Tohoku-oki earthquake (M,, 9.0). The black and yellow stars indicate other megathrust earthquakes (M,, 7.0 to 8.0) during 1917
102017 and the VLFEs (24) within a 40-km width of each profile, respectively. Note that the hypocenters of the VLFEs and the megathrust earthquakes are set on the UBP, because
their accurate focal depths are unclear for most of them. The reverse triangle denotes the Japan Trench axis. HF, high-frequency. In the right panels, the red, green, and blue lines
denote low-, normal-, and high-V;, anomalies atop the subducting Pacific plate, respectively, according to the tomographic results of this study. The gray dashed line denotes the
forearc Moho.
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Fig. 1. World map showing general lack of correlation between rugged subducting seafloor and great megathrust earthquakes and showing locations of map areas of Fig. 2 through 10 ar
14. Rupture extents of giant (M,, = 9) events are indicated with pink lines. Epicentre locations of other great (M,, > 8) events are from the USGS/NOAA catalogue for the time period

1903-2012.
EROHLWVEELERMEBEOREMED S F
Fig. 11. Scenarios of seamount subduction seen in the literature. (a) “Cutting off": The top

(Wang and Bilek ( 20 1 4) ) partofor the entire seamount is sheared off. (b) “Sliding over”: The upper plate frictionally
slides over the seamount without severe internal damage. (¢) “Breaking through™: The
seamount forces its way through by severely damaging its surrounding and itself (modi-
fied from Wang and Bilek (2011)). We consider (a) unlikely and (b) mechanically impos-
sible. Scenario (c) is supported by field observations and sandbox experiments.
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(Wang and Bilek (2014))
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eVLF  oAftershock swarm  + Repeater in aftershock swarm ¢ The 2003 M6.8 and 2008 M6.9 Fukushima-Oki earthquakes

denote the epicenters of the Tohoku-Oki earthquake and its largest
foreshock (M,, 7.3). The solid and dashed black contours indicate the
coseismic slip (17) and afterslip (20) distributions of the Tohoku-Oki
earthquake at 10-m and 0.4-m intervals, respectively. The magenta
dashed line indicates the forearc segment boundary (24). (B and

C) Space-time distributions of the tectonic tremors, VLFs, and earthquake
swarms containing repeaters during the 1991-2010 and 2014-2018

time periods, respectively.

B8

Fig. 3. Slow earthquake activity in the Japan Trench. (A) Epicenters of
the tectonic tremors, VLFs, and earthquake swarms containing repeaters.
Red squares indicate tremors with a duration of 80 s or longer. Yellow
squares denote VLFs. Blue circles represent events of background
swarms containing repeaters (orange stars). Cyan circles are events

of aftershock swarms containing repeaters (green stars). The green
square denotes the June 2017 SSE. Magenta diamonds indicate the 2003
M 6.8 and 2008 M 6.9 Fukushima-Oki earthquakes. Magenta large stars

BREBEICHITHARO—HE
(Nishikawa et al.(2019))

(Mw7.6) ®°2016FE[CTHUT7RILTHRELI-E

Fig. 4. Schematic views
of the slow earthquake
activity and structural
heterogeneity in the
Japan Trench and
Nankai Trough. Red and
yellow squares denote
tectonic tremors and
VLFs, respectively. Green
stars and blue circles
indicate repeaters and
earthquake swarms,
respectively. The orange
regions are interpreted to
host or potentially host
SSEs accompanied by
tremors, VLFs, repeaters,
and/or earthquake
swarms. The green regions
denote geodetically
detected SSEs. The purple
region is the rupture

area of the 1896 Meiji
Sanriku tsunami
earthquake (22) in the
Japan Trench. The red
regions indicate the
coseismic rupture

area of the 2011 M,, 9.0
Tohoku-Oki earthquake

in the Japan Trench and
locked zones in the Nankai
Trough. The pink regions
indicate the asperities
(33). The brown regions
are subducting seamounts.
The dashed dark gray
lines denote the afterslip
areas of the Tohoku-Oki
earthquake in the Japan
Trench. The white dashed
line indicates the forearc
segment boundary (24) in
the Japan Trench. Note that
the slab geometries are
simplified. The schematic
view of the Nankai Trough
is adapted from (11).
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Fig. 1. (top) Hypocentral distribution of the main shock and aftershocks of the 2003 Tokachi-Oki earthquake and low-frequency (LF) earthquakes. Solid
stars labeled LF1 and LF2 indicate the hypocentral location of LF events occurred at 3:37 am and 3:46 am, respectively. Aftershocks for the period
of one month from the occurrence of the main shock are relocated by a homogeneous method with the fixed stations using stations of NIED Hi-net,
JAMSTEC, Hokkaido University and JMA around the aftershock area. Well determined hypocenters with the horizontal error of less than 2 km and
the vertical error less than 4 km are plotted on the bathymetric topography map. Focal mechanisms of the LF events estimated by the moment tensor
inversion analysis are shown in the lower left corner. Solid circles labeled with Refl and Ref2 are the normal aftershocks whose seismograms are
shown in and Fig. 4 as references compared with the LF events. The solid square symbol is the location of the station N.SAMH where observed

plotted in the Fig. 2 and Fig. 3. The triangle symbol labeled with SS indicates the swell produced by a subducted seamount in the

inner trench slope. The dashed line indicates the axis of the Kuril Trench and the Japan Trench. Along the profile of AB, the cross sectional view of

aftershocks is shown in the right side. Gray bold line is the plate boundary along the AB profile proposed by Earthquake Research Committee (2003).

(Bottom) Time sequence of aftershock activity for 2003 Tokachi-Oki earthquake and LF earthquakes. Earthquakes listed in JMA catalog located in the

rectangle area shown in top panel are plotted with the time duration of ten days. Circles indicate earthquakes, of which the magnitude is greater than

5.5. LF events are indicated by star symbols.
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Fig. 1. Tremor activity in the Japan Trench. (A) Epicenters of the tectonic
tremors. Dots indicate the epicenters of the tremors, which are colored
according to their duration (see the color scale). Yellow and red stars
areVLFs and M > 4.5 ordinary earthquakes, respectively, with the ordinary
earthquake epicenters taken from the Japan Meteorological Agency
(JMA) catalog. Black triangles are S-net observatories. The green square
denotes the June 2017 SSE that was detected by our GNSS analysis.

(Nishikawa et al.(2019))
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Day in May-Jun. 2017

The orange shaded polygons indicate the 18 overlapping subregions used
for our tremor detection. The top of the Pacific Plate is indicated by the
black contours at 10-km depth intervals. (B) Space-time distribution of the
tectonic tremors. We used Japanese Standard Time (JST; UTC + 9 hours).
The vertical lines indicate 1 January 2017 and 1 January 2018. (C to E) Enlarged
views of (B). The green shaded region in (E) denotes the spatiotemporal
extent of the June 2017 SSE.

BARBERVTEEE (M) ORAO—HEEE

Figure 3. Locations of tremor sources determined in this study (red circles). (a) Comparison with locations of very low
frequency earthquakes determined by an array signal processing method (blue crosses; Asano et al., 2008) and a cross-
correlation analysis (light green diamonds; Matsuzawa et al., 2015) using land-based stations. Broken lines indicate con-
tours of the depths to the plate interface at 10-km intervals defined by Kita et al. (2010) and Nakajima and Hasegawa
(2006). (b) Comparison with the epicenters (stars) and slip distributions (contours) of the 1968 Tokachi-Oki (light blue;
Yamanaka & Kikuchi, 2004), 1994 Sanriku-Oki (purple; Nagai et al., 2001), and 2003 Tokachi-Oki earthquakes (green;
Yamanaka & Kikuchi, 2003). Purple circles denote 7-day aftershocks (M > 3.0) of the 1994 Sanriku-Oki earthquake listed
in the Japan Meteorological Agency earthquake catalog. Plus signs indicate the stations used in the analysis.
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Figure 5. Comparison of topography, geologic structure, earthquake and tsunami sources, and
geophysical data. (a) Bathymetric contour map, (b) depth contour map at the base of Pliocene sediments A AN o—4
(contour interval of 0.2 s in two-way traveltime), (¢) and (d) seismic and tsunami sources defined as the 1952¢®iﬂ ' H:jli'&'a)j- ) *ﬁtzﬁ ﬂ Egiﬁm Fﬁ{g
arcas with slip larger than | m for Yamanaka and Kikuchi [2003 ], Tanioka et al. [2004], and Satake et al. (Tanaka et al. (201 9) [Z— IUJH%)

[2006] and 1.2 m for Yagi [2004]. (¢) magnetic anomaly [Joshima. 2005] (contour interval of 50 nT). and
() gravity anomaly [Joshima, 2005] (contour interval of 10 mGal).
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Figure 4 | Comparison of slip-deficit zones and tsunami source regions.
The blue and red contours indicate, respectively, the slip-deficit and
slip-excess rates at intervals of 3cmyr~'. The green stars and the green
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o5 Hg % 8 @ 16 15 ellipses indicate the epicentres and the tsunami source regions,
(emyr) respectively, for the large interplate earthquakes (M,, = 7.5) that occurred
Figure 6. Annual slip distribution on the two plate boundaries. The thick rectangle on the Pacific side is the region of a model fault of the subducting in the past century. The green dotted ellipse indicates the tsunami source
Pacific Plate. Red and blue areas indicate the region of back-slip and forward-slip, respectively. Contour interval is 2 cm yr~!. Vectors represent motion of the region of the 2003 Tokachi-oki earthquake.
hangingwall relative to the footwall. The length of red bars right of the line in the sea of Japan means collision rates at the plate boundary modelled by the
virtual tensile fault. Stars are epicentres of large (M > 6) earthquakes near the plate boundaries. (a) 1995 April to 1996 March. (b) 1996 April to 1997 March. 1 QQGE ~20003§(:j:3 +5H 2&;’@5%/3\ 5F %5@;%0)
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« Yamanaka and Kikuchi(2004), 7K 3 (X5 (2001) (X, FAR) T4 DG DRBHHL, EHFREEAHAEUVCEFERILEBO T AR T4 (EEX:ALB)
D556, 1968FEDMELI1IMFEDHMEDEET ARYTA(ER:B)DHAYT) VT EIZIZIF100%THDHEL TS,

. 1968FEMHE, 1994FEDHEDEIRIZDOLNT, FOESITH15km~20kmTH S, £1=, MBEDREIZDODWLWTIEERFED (A, FEE£I30km
LUERICEWNWTEZLEELTLVA (Ito et al.(2004)) ,

Common asperity

O M A West ]
1968/05/16  ——— 1968/05/16 O M6 A 1994/12/28 o Coast line Longitude (degree E) Trench axis Gt
1994/12/28 aftershocks Oy A aftershocks 115 1420 1425 1480 1435 140 1445
M8 (a) ol—¥ :
42N — 42° @ 10
= i Fm————— M_8_7__7_8_ b\S ® (©) £ 2 I
\ i £ :
g
3 -0 "ﬁ\‘.‘g:
\ = R 50 V\;&‘ = I
» L 0--0---MIZ2A N7 A [ NV £ .
*1968M % () w15 I . | ] ] |
S Lk 1994 / \fg;u//f“l/ 1994 Sanriku-oki aftershocks
i\ 41°f1 C Hino et al. (2000)
\‘ 9 3 B ( b g ® repeating earthquakes
) { Igarashi et al. (2003)
C\AS 1931 o < . 98
L W | “All g L
A 19897 1960 A B & 1 ¢
1968A B H & N
1978 5$ Zﬂ?\ .
km
A * 1981
A A 0 50
1937 400
141.0 1415 142.0 1425 143.0 1435 144.0 1445 145.0
/% 1936
4 S 1 Fig. 5. (a) Model irthquake [10] mx)J;\l;'«.:
141° ° 145° 1993
37N Fig. 13. Comparison between the moment release and the aftershocks both in the 1968 Tokachi-oki
140E 145E and the 1994 Sanriku-oki events. Red lines indicate the moment release of the 1968 event, and

blue lines indicate that of the 1994 event. The contour interval is 3X10'°[Nm/km?]. Circles
denote the aftershocks of the 1968 event, and triangles those of the 1994 event.

1968 FENMEL194FEDHMEDREN 1994FEDEDRES L EEEDE R

dy. Blue and green he larg Fig. 1

T ARTADFEH/NI— EEREDE R

(Yamanaka and Kikuchi(2004), 7k 3I[EH(2001)) R A (2001)) (Ito et al. (2004))

v
- BEREEAARUEFESNILIBOTZAR)TLDAYTY T RFIFFI100%THY, FARY T LEERIE S DUBRERZRICZIMEZHNAR
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Sangeetha(2016), Melgar and Hayes(2019)) , R DIHERICK T RYBZEEE T HETILIZDOLTIE, £KRFEE(2016), NEFF (2020a) &
BIFRIZ, BB ImERI R IRBRIR M AR ELLLY,
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1. 5. 2 BMHRHFEOTHASICEHTIMEOEE  BIREHEE, S1X514

BIEEEERERVSA XA LIZRDIHNE 2008 FE RIS ~TUAIUME

- Fujii and Satake (2007) [&, BRIE{GHEERE (0.5km/s~3.0km/s), T4 X524 L (60s~180s) ZEALSH = Z KB DA /N —Da  BFEERL,
2004 FE RIS ~TUAIVMEDBIRETIILERFLTVS, BT OHEER, WIREIEEESE1.0km/s, 14X LX¥%180sELI-15E (2, EAE
LEHENRBLERTDHELTINS,

- Hirata et al.(2006)|£2004 F AT FS~T U A IV MEICERTHERED, BESBICLSEEAET —2ZHN, ZREEOAUN\—Dav@iE
EHEL, BIEGIBEEZ0.7km*2, SAXPA LE150s&ELT-1BSIZERELBITENRIEESTHELTIVS,

X1 ZWBTOvY ORIERA A SIRIEE TETOHORR, X2 Lay et al(2005)2&5E, HEIDEY A RAEEITP YT Rt TS
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Figure 7. Slip distribution estimated by inversion of tide gauge (TG) data. Rupture ve- L :g
locity is 1.0 (left). 1.5 (center) and 2.0 (right) km/sec. Rise time for each subfault is 3 min. 5 B
Table 4 W
Variance Reductions (%) for Three Different Inversions with [ N
Different Rupture Velocities and Rise Times Vr=0.7 km/s
0
Satellite Altimeter
" Tide Gauge Data Data TG+ SA Data
(kmr’;ecl I min 2min 3min 1min 2min 3min | min 2 min 3 min
0.5 231 208 188 278 295 31.0 220 20.1 183
I 1.0 328 334 342 338 364 382 298 310 321 I _ R . e . N
1.5 293 295 298 311 338 355 268 273 278 2004FE AP S ~TUoAIUMERERABOHEHE(E) RV
20 302 299 297 297 323 342 272 273 274 BEETIVIZESBEMBEIE (H)
2.5 284 282 283 284 306 329 250 252 256 (Hirata et al.(2006) )

3.0 285 284 285 274 207 319 249 252 1256
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1. 5. 2 BIMHERHFEOTHEANSICEHTIMEOEE  BWIREHEE, S/ X514

BIRIEBERERUVTARX2M LIRS R  2010FF#IE

Lorito et al.(2011) &, KB DA /N\N—aV BREERLT, 20008 FUHMEDBRETILEZRELTIVS,

BREOHFER, ZFREEOT 2B IEGEREREEZRETEDIFEDRENTNEDD, thEFD A /N—a ER—HAL, IHIRGBEE
#2.25km/s&LTULVS,

Latitude (° S)

Longitude (° W)

0 5 10 15 20
Slip (m)

Figure 2 | Slip distribution of the 2010 Maule earthquake. Slip distribution
for the 2010 M,, 8.8 Maule earthquake obtained from the joint inversion of
tsunami and geodetic data, represented by colours according to the scale at
the bottom. White arrows represent the slip direction (rake). Thin black
contours indicate the associated surface vertical displacement
(1-m-interval solid lines for uplift, 20-cm-interval dashed lines for
subsidence). Epicentres and source zones are plotted only for major thrust
earthquakes (compare Fig. 1).
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> RBEOMEBEOERERE (=HHARENMSBRESARICHIEAR SBR) N T IIDICETHREN BN 1D BETHASLIZHLT, HH
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_C_T,
L BB RS (km)
Vr BRI IEEE (km/s)
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BEEHEETILH-1(1.72)

BIRBASA R, FRIRIGIERE, SA XA/ LEERILSET, £E

F(1) BRI R, [(2) WIREREE DT ENSDERE

EFTDRRESICEZDHENKRENVT—RZUTDEBYRELT=,

1] RATSE . RAKELEREE
g B fRHT R4 B 547 BRRKGEERE (M)
KF U MBS | mE | AAL HibaTE e
e BEA~FI100kmFB EY T/ (s) Eéyj“—z}-(ﬁ‘-ﬁgﬁ
At 48l =g ;] 1Al e
e L ~ _ B S A—7
FRERBAAE R KT AYEOED(P1~P6) R B B 12 o 60 10.70 9.24 10.60 8.73 e im
gﬁﬁ:% 10,15, 20, 2.5km/s P1 9.95 9.17 10.16 7.93
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: P5 9.00 8.31 9.55 7.85
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. =AKELEFE (M)
HAWE WiEEE | 54X 228t < W
E5JLH-1 HiREAIA = EE CEEN BRI E KR B
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1. 5. 3 FHMll/N\SA—FRET 1 EEMBEETILH-1 (2.72) (5254 |
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WIRRAIR A, BIRIGIBRE, SAXFMLEEILSET, REMDERESSICEZSEENKREVNVT—RELUTOESYEELT-,
[(3)FARBALIDTHENSDERE THRER: mKRT—2R
71 A2 = F EES
IE B R T E S54% BRKEESE (M)
S i Ly £y m
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- WEBIAR | EE 84 L ) - ) %
{j\(jé/\b)i;ﬁ - (km/s) (s) el A Eafal
60 10.56 9.37 10.78
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Figure 1. Plate-boundary earthquakes of M,,>8.5 (white
stars) that have occurred since 1950 from USGS and the
seven earthquakes compiled in this paper (black stars).
Solid lines indicate transform and spreading plate bound-
aries. Dashed lines represent subduction boundaries.
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Fig. 4. Schematic views
of the slow earthquake
activity and structural
heterogeneity in the
Japan Trench and
Nankai Trough. Red and
yellow squares denote
tectonic tremors and
VLFs, respectively. Green
stars and blue circles
indicate repeaters and
earthquake swarms,
respectively. The orange
regions are interpreted to
host or potentially host
SSEs accompanied by
tremors, VLFs, repeaters,
and/or earthquake
swarms. The green regions
denote geodetically
detected SSEs. The purple
region is the rupture

area of the 1896 Meiji
Sanriku tsunami
earthquake (22) in the
Japan Trench. The red
regions indicate the
coseismic rupture

area of the 2011 M,, 9.0
Tohoku-Oki earthquake

in the Japan Trench and
locked zones in the Nankai
Trough. The pink regions
indicate the asperities
(33). The brown regions
are subducting seamounts
The dashed dark gray
lines denote the afterslip
areas of the Tohoku-Oki
earthquake in the Japan
Trench. The white dashed
line indicates the forearc
segment boundary (24) in
the Japan Trench. Note that
the slab geometries are
simplified. The schematic
view of the Nankai Trough
is adapted from (11).
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Figure 3. Locations of tremor sources determined in this study (red circles). (a) Comparison with locations of very low
frequency earthquakes determined by an array signal processing method (blue crosses; Asano et al., 2008) and a cross-
correlation analysis (light green diamonds; Matsuzawa et al., 2015) using land-based stations. Broken lines indicate con-
tours of the depths to the plate interface at 10-km intervals defined by Kita et al. (2010) and Nakajima and Hasegawa
(2006). (b) Comparison with the epicenters (stars) and slip distributions (contours) of the 1968 Tokachi-Oki (light blue;
Yamanaka & Kikuchi, 2004), 1994 Sanriku-Oki (purple; Nagai et al., 2001), and 2003 Tokachi-Oki earthquakes (green;
Yamanaka & Kikuchi, 2003). Purple circles denote 7-day aftershocks (M > 3.0) of the 1994 Sanriku-Oki earthquake listed
in the Japan Meteorological Agency earthquake catalog. Plus signs indicate the stations used in the analysis.
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& 1896/06/15 | Japan 7.2|8.0| 26360
1946/04/01 | Aleutian Islands 8.2 7393 165
1960/11/20 | Peru 76 (70|70 66
% 1963/10/20 | Kurile Islands 78|71 |72
1975/06/10 | Kurile Islands 75 |56 |70
o] 1992/09/02 | Nicaragua 7.7 |54 |72 179
1994/06/02 | Java 7.8 [57 |71 250
30 1996/02/21 | Peru 7.5 |58 |66 12
2006/07/17 | Java 77 |62 | T2 668
-60 2 T | T T : T -60
120 180 240 300

Tsunami Earthquakes, Figure 1
Map of tsunami earthquakes (listed in Table 1). Location for 1896 earthquake from [2] and for 2006 earthquake from the Global CMT
catalog. All other earthquake locations from the Centennial Earthquake Catalog [18]
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dd/mm/yyyy km km km m Nm~?
d 03/02/1933 Sanriku 84 185 100 70 45 33 - Kanamori (1971)
b 03/02/1933 Sanriku 84 220 35 25 45 8 7.0x 10" Kirby et al. (2008)
C 30/03/1965 Rat Island 12 50 80 60 50 1.2 7.0x10™ Abe (1972)
d 30/03/1965 Rat Island L2 50 40 30 50 6 5.0x10%" Beck and Christensen (1991)
e 19/08/1977 Sunda 8.2 200 70 40 45 3 6.4x 10 Gusman et al. (2009)
f 19/08/1977 Sunda 82 200 25 29 45 9 4.0x10" Spence (1986), Lynnes and Lay (1988)
g 04/05/1990 Mariana 73 40 25 29 48 3.4 4.0x10" Satake et al. (1992)
h 04/05/1990 Mariana 73 70 40 40 48 1.5 40x% 10" Satake et al. (1992)
i 04/05/1990 Mariana 73 70 40 - 48 - - Yoshida et al. (1992)
j 04/09/2001 Juan Fernandez Ridge 6.7 70 26 30 51 1 4.0x 10" Fromm et al. (2006)
k 13/01/2007 Kuril 7.9 120 40 35 45 1.9 5.0x10'° Fujii and Satake (2008)
| 13/01/2007 Kuril 8.0 130 30 - 37 6.4 4.0x10%" Tanioka et al. (2008)
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