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B FEEANERR

2. Rifimz AL -E R (FTE(1999))
M; = 2logH,,, + 6.6
M; = 2logH a5 +6.0

(1) a2 ROERBRRHRESRELI-EER (Abe (1981))
M; =logH +logA+5.80

M; =logH, +logA +5.55 Hy, EEEHEORXE(RERAREFHS) (m)

H BREEERICEIGEROFKFIRIE (m) Hinax : BT KEZKS (m)
H, - BREMERRICE D CRIEDRREHRE (m)
A EBRIAGBARETOEF LREIERE (km)

3. MtEMwD BR IR
X ERHE IXRC,

(2) KEF gD RDEBIEEHEETFRELI-EER (Abe (1979))

Mt = MW
My =logH +9.1+AC (AT {8, Abe(1985))
H RSERRICESCEROBASFIE(m) M, =M,, +0.2
AC ERDEAEGHEBRANREDHEELE TRE I HMIENE (BREA, RHERHBREAOTIMERDTZIHE, Abe(1985))
ACOfE (Abe (1979)) M; =M,, +0.4
v (BAEE, BIEERLTMERDIBE, FTH(1999))
. Source Region Honolulu Hilo California Japan Aleutian

A: Peru, Chile +0.2 -0.6 +0.2 0.0 +0.2
B: Alaska, Aleutian +0.1 0.0 +0.2 +0.3 ver
C: Kamchatka, Kurile, Japan 0.0 -0.4 +0.1 —0.2* -0.2
Whole Region +0.1 -0.3 +0.2 0.0 0.0

M, =log H+ C 4+ AC (H is in meters, C = 9.1).
*Except for Japan region.
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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]

-60

1896/06/15 | Japan 7.2 8.0 | 26360
1946/04/01 | Aleutian Islands 8.2 73|93 165
1960/11/20 | Peru 76 |70 (7.0 66
1963/10/20 | Kurile Islands 78 |71 |72

1975/06/10 | Kurile Islands 75 |56 (7.0

1992/09/02 | Nicaragua 77 |54 (7.2 179
1994/06/02 | Java 7.8 |57 |71 250
1996/02/21 | Peru 75|58 |66 12
2006/07/17 | Java 77 |62 |72 668

POLET and KANAMORI(2009)
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Figure 10. (a) Asperity map. (b) Space-time distribution of the seismic moment release based on
the slip-predictable model. The width of the rectangle indicates the moment 1(,[,11111[][ ation given by time
D,/ Vyjate. Where D, is the average seismic slip in asperities and Vype = 0.1 m yr .
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fIE FE A BRI ITRYA B ih BiT S A
FHHE10° 468 3.63 2.89
e o ; S HTE
H#-5 Fx 472 3.68 3.38 ey
EHE+10° 463 3.71 3.29
sk - 4k~ 21 5km u HAE-10 455 4.05 3.56
B 75 3 ~33km £ Hie 2 461 412 3.85
EHE+10° 454 407 3.76
HHE-10° 457 4.42 424
FHAE+5° HAE 450 4.47 440
H#E10° 445 443 434
W/ ASA—ER AT 2Q): BRK O RIE
INDA—HBDZE B Ei[FH BAKEMERSE (m)
" ' . . EkO WK B8 L]
g FEA RSN TRYA B th BT S R
H#-10° 405 3.80 1.82
HAE-5° HE 4.00 3.87 2.09
HAE+10° 3.97 3.85 2.16
E#E-10° 433 429 3.67
Fdl B 5 B E° 4.40 435 3.61
P FEA33km 25 * ; * .
H#410 438 433 3.52
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e po s /K O RiE
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WM/ NTA—RRET1Q): UK EFRTE

ACsamtask il B L FE (m)
or Em tasi FRYS SR gt AL L
H#E-10° 3.73 3.98 4.00
HHE-5 H 3.86 4.04 4.06
EHE+10° 3.74 3.98 3.99
EH#E-10° 423 3.94 3.96
E% :Iﬁl;:g;snim EEH0 i% HE 3.80 4.05 4.08 ﬁ;g%_ﬁ;—“ﬁﬁﬁﬁ
HH#E+10° 3.78 4.02 4.06
H#E-10° 4.00 3.87 3.94
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EHHEH0° 4.08 4.01 4.00
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[7k 6z E F 48]
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1. EICERTHEROFE 3. BFIL—IAHE
3.1 FHiioO—

- UTO7a—(CEDEFFEEEREL -,

(s3E70—) (FERE]
T D | DA A (2012) OFHE !
ViR T QERSMNCBI A E RN RS TRELEETL— R |

L HEOHMEREICE T SMEIRE

. 2
QB BB OB oo 1933 E RIS B E R OB RILHE |
A A .
OREHBET L ORE oo R (2002) DRIRERER M BRMORE |
V¥ e
QREBEOTEASEERLE | o DEEHEOFRAEOZEBEORE !
EETPREHE | QR TREE !
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WEICERT5ERONE 3. EEIL— RE
3 2 HhERE: EREHFITHEAERER (2012) D FE4E

RSB RHEEARE (2012) TIE, ROMEDOHEZ19BFMM=EMBRZROBFRHEL, TOEFEEZEBILFHEAL TS,

X ESR A IS HEEARER (2012) T, 1933FERBAM = EEEFOMERBEIZTODVLTLUTOEBYEMLTLNS,

—TJL—rAQOEHEBREOHMEIZDONTIE., BEI00EMICI9833FDBIZ(EHMED 1FHILMA TN EERFEZ, ROMEORERE(T BEICREL-HME
#5EIZL T M8.25 . Mt8. 3R EHETELT=,

RO=ZREHILENSBRTDEFBEFTYDOTL—FAE (EMBR) DHAERS
(AT HEHEARER (2012))

FFAR O HIE - il
HH S A ple % A

A 10 LI D FE A fife R 1% ~2% MSFEE D L — FINIEWTERHEIC SOV T, =
4 (0. 3%~0. 6%) {Sﬁ?ﬂllit%BNFé%%%@M%%V)é%ﬂii@fmofrﬁfﬁ
o " o Lo, (Z1933MED MR O 1B L7 2 & &, Zhih
AP0 LA O FE A e 3%~5% VRSO0 5 M K OV TE 6 M DR T — A
# (0. 7% ~1%) R OHEED S, [FIAED HEEAN 100~ T504E 12 L[EI 36 4=
A 1% 304E AN D F8 A= ffe K 4% ~T% FTHH0L LT, K7 Y UBRIC LY Sk
# (1%~2%) MG BRI OWREDR Y O & 2 TRAET HiEE%

e BH L7, £77, 19334EDOHIEOWEE S =k
A HRAVFLAN DS AR 5%~10% HLE 7 B BRI OIS D 200, 25(EFRE % c
# (1%~2%) BB LD, B OWEE IR HIEE 31600
A 1R BOLE LN D 38 A ffe =1 6%~10% ~30004EICIEE AT B b O L LT, KT Y Vil
# (2% ~3%) MOFRAMRER N LT,
A #1004 LA D 3 ATl 2R 10%~20%
= (3%~6%)
A 1% 3004E LN O3 A e 3 30%~50% o
# (10%~20%) # = RE AR B BRI OHRHE R D 2K TOIE

MRz RT, (O (HEEOWROME,
M8. 274 3 WEICHEA L MR OME UMt 2 231 LCHIE L

{ka)im @%a*% Mt8. Bﬁ-ﬁ?(ﬁ 71»:0 B

2 AR AAEDOEATER7ZYVBEEZANWTWSOERTEELEIL,
A3 MOEEEDILSDEIZDONT, MEEIRUTHIZRIZHER, TBEIEMFIERIKVIESDENKREVMEEICHERAL,
4 FHMEOISEE
WREDFHDIEEE B
HMEMELRAFTBEEDOMEDEENMNBEREEHTEL:, BEOMET —4MNEITLE, BEDEEEILDIEETHS.
BEEREOTMOIEEE:C
BEMELRFGEBEDOHMET —40VEC BDEICIECHEZMMRZRAVTRERELE RO, BEBREDEDEEETOPEL,

SEOHFLLVARICEVENKEEDLYBS, @ ijtgh
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3. 2 HERE BATRELLBENREETTRELIBEDOHMERE

- 1933FEMI=[EMTIZKIL, ERNEITHBEIMNEEET (outer rise) TRELIMBRLELTRRBROMETH S,

BENGEEST CRELELERBEITL—FAEDEE /NS A—4 (Alvarez—Gomez et al.(2012))

Id. Date Place My Length Width Bottom Dip Slip Rigidity Reference
dd/mm/yyyy km km km m Nm 2
a Sanriku 8.4 185 100 70 45 3.3 - Kanamori (1971)
b Sanriku 84 220 35 25 45 8 7.0 10 Kirby et al. (2008)
c 30/03/1965 Rat Island 72 50 80 60 50 1.2 7.0 10 Abe (1972)
d 30/03/1965 Rat Island 72 50 40 30 50 6 5.0x 10 Beck and Christensen (1991)
e 19/08/1977 Sunda 82 200 70 40 45 3 6.4x 100 Gusman et al. (2009)
f 19/08/1977 Sunda 82 200 25 29 45 9 4.0%10'° Spence (1986), Lynnes and Lay (1988)
g 04/05/1990 Mariana 73 40 25 29 48 3.4 4,010 Satake et al. (1992)
h 04/05/1990 Mariana 73 70 40 40 48 1.5 4.0x10'° 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 4.0x10° Fromm et al. (2006)
k 13/01/2007 Kuril 79 120 40 35 45 1.9 5.0x 10 Fujii and Satake (2008)
1 13/01,2007 Kuril 8.0 130 30 - 37 6.4 4010 Tanioka et al. (2008)

A HEILBA
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1. WEISERT HREOME 3. EETIL—RbE
3.2 HMERE -FEDH

- WRFAEMRMEERE (2012) ITEVTROMEDREZ1933F M= EMZRRELTML TLDHIE, BTVICRMEIERS THRAFREOH
ETHILEBFR, HREHBETILIL, 19BFEMMZEMTRREERLET S,

A HEILBA
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BERETILORE
TREL(2002)%5EELT, 1933 FEMAM=fEHEZROBEET IILEREL.
i MR B /S5 A—% WAk e
I E-AUMIY ZF2-F Mw (logM,=9.1)/1.5 8.35
| B Lkm) | ZAZ&(2002) 185
[ I ] W (km) T RKE%&(2002) 50
| At 2 # (N/m?) | £ARF4x(2002) (FF#ll[Ep53I<5E8.) | 7.0x10'°
' TRYE D,.(m) | TAR%Z(2002) 6.6
HEE—AVb Mo(N-m) | uLWD 4.27 x 1021
FE A 6C) T KRE£(2002) 180
ErE LigiES d(km) T KRFE£(2002) 1
; S s b4 ° 2h A
BEEF LD EEMLE AT E B4 T B A 6 ) T R%E%(2002) 45
FTRYA AC) T KRFE%(2002) 270
SAXEZA L T (s) FEHE (1986) (F¥fl(Xpl12I2EE S, ) 60
BERMYOHEZRERX
TREL(2002) DEREFHELTEY, EEHBNSA—FDREMEN R L THHI LML,
. - mEEEE || E*.ﬁ:iz&" K K n EEE:;:&"%
—REEES
— s A (1933),
s 20 7] = ==
. o 1 1933F A =PEMRIZIR | 1.00 1.43 553 | ypEEmrzerr (1034)
%15 I.
T ﬂ%ﬁk& MI ﬁ : . X BRUEOHBICAV-HEEHEORME, (RFHREMR BH2—201. ZRBATEMITEH,
S L R L

A HEILBA
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& (km)

T REL(2002)F%SELLT, 7.0x10°(N/m) &LT=,

Island Arc
—_—

e Pk RS
) t”‘%\ * # ? 5 A Yamato Basin Dewa H’YE(S,:‘;H" AI:(akzmi MR, oft-Saniku A’
20
AE~*
i a1 £
40| \."? j%
7
[ — 1o
100 kan '1
0%l ! J Distance (km) woo
(a)FRAL BAJED (FH(1978)) (b)ZRAL B A 18 (k- K[ (2012) %)
KR P~ u;ﬂ E

3 A"’_‘—’_ g
5 /:M ——_—
(8.0

L
20 o o 160 180
!E B (km)

(c)BMEH (ZHT- %% (1999))

Distance (km)

(dRRE I B ARG ER (TR (1999))

(B)

BHE (km)

40 7.9

()R AAREZ
PRGREEE IR T HEEERAZRH

THRE
(FAsE- 43k (1997))

(ERZFH EMEIE)

3 BEIS DR EEAE 1 [ KIwasaki et al.(2001), 5 IMAILTEIRIZ AN (2001),
Takahashi et al.(2004)|IZ k> TARIN-EERBEEHRELI-ELD,

(2002) % —
=RERIE

g 885835 °
0.

g

N

(0.) eimesaduw).

Vp/VsttIZBE9 B BEE1E A 2041 ({F k- KER (1996))

Hisk Biptgy | T | B~ Sk 1%
T A 1.67 1.78 Yoshiyvama(1957)
ERIEES 1.68 1.75~1.79 [ H1968)
Ao 1.716£0.021 7] - HLRR(1967)
#k 1.77 I (1969)
HE 1.70~1.71 1.73 Hashizume(1970)
HE 1.66 1.75 1.70~1.75 Hb(1977)
1.75~1.80 ML OfEE K IL T o b oo B
AT AL 1.70 LR (1977)
AR RESS (1.66) B9850 EBOR
P | 1.6810.02 [1.75~1.81 1.77 Ukawa and Fukao(1981)
B Vp, VsinbHRD -l
eS| (1.58-1.65) 1.75 1.73 [if] B « A AT (1983)
1.73 QWNIEFFRIBOE
FEBE)ED | 1.67+£0.01
E PR 1.6940.01
JbBIH 1.7140.01 I _
wrEEn | 1.69+0.01 1% FH - 45)11(1995)
AR | 1.69~1.78
FURFELRD | 1.66~1.71
_El ?)'EHJ‘LL 1.682+0.016]  1.686% 1.90 B (JHE(1995)
FE PP 1.700+£0.053|  1.686% CLED Vp, Ve[
S | 1.68040.023]  1.76% 1.76% et
BRI EDEE ORIMROIZAERE (X ARFEX(2002))
Wk R LIS

- TR A ARRER Y L — BN
. F!?h@ﬁf% il

Vp=6.0 km/s

Vp/Vs=1.6~1.7

p=2.7~2.8 g/lem?

EThiE,

41=3.36X1010

~3.94 X101° N/m?

L b, ZOPHBME 5,

— NSRS (B0 4
RS ES 20km LA ICTEA(E
TH5E)

3.5X 1019 N/m?2
(3.5 101 dyne/cm?)

: ‘?E?T’-’f A

Vp=8.0~8.1 km/s
Vp/Vs=1.75~1.80
p=3.2~3.5 g/em?

EThiE,

4#=6.31X1010

~7.50 X 1010 N/m?

L%, COTHMEL TS,

— NGRS (80 4
@-‘/’J*(vké 20km LAVEIZTFATE
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%
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— MRS YL (7
MES 20km LA & LLAEIC
F 12> THET HH5E)
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BEEWMBET L OMERE (Mw) (X, HEREFHRHERER(2012) OFHETIZ1611FORFZZFBBEFMLTLDELOD, TRER
(2002) TIX161TFDFEEABEIL—FAMBETHOIIHE, TOMBRIEEMW 6EFTML TSI EERER, MWBOIZR 7 —)U T LTRE

L=,

RRAEX, BABEILmICSREL =,

77777

;
) "
e S
1 J
‘ !
. g\,_/
It g .
d OV
o) J,:b
‘ qwi}f
PR \
\"z
f) y
" P
3
10
o
,, [/
w \
i o~
1
EEMEETIL

HREBES M

T

BB/ NS A—4 BREHE SRE(E
E-AUMY ZFa-F Mw T R%E4(2002) 8.6
R L (km) BEEEORENSEHBIRTEIMEET 283
i W (kem) VI, MWIZEEET BB/ NS A—2D R 50
= r— 7B (RE-EDRALZL) EEA
TRYE D(m) LTERE, 10.1
Rt == u(N/m?) | BEREEBEREETIVICEDERTE, 7.0% 1010
HET-AVb Mo(N-m) | uLWD 1.00 X 1022
FE M ¢ ) BARBEOHMIRIZEDLETEE. 190
WrE LiRS d(km) 1
TER A 6 ) ) o 45

BEEEBRETIVICEDERT,

TRYA AC) 270
SARXEA L T (s) 60

A HEILBA




1. WRICERTHFROFM 3. BFIL— AR
3.4 EEMBETIORE  ZEMBETIVICESEEGR

55

HEEMBET VICLDFAEBREZUTIZRY,

(K £ F4a1)

55 S BAKEZERE (M)
BUOIRTT
B BiT ER oK O BT & WK R EE R RITE
s . = | EMTERDOME
BEIL—rRHE (B BES L) 6.13 4.40 4.45
(/K452 TR 48]
i RAKELLTREE (m)
25l BRET IV —
Hes/K ORI E
s . = | EMTERDOME ~
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1. MRICERT5REOFME 3. BEITL—FRME
3.5 HRFMEDTENSOEE LE, E£F, ERA, HBLERS

TAREL(2002) %85 ZELT, MERVERZEFNSEMB/NTA—EREIT1ZEEL, FEMUE TKELREERVKHETHRENRAELS
T—RI2DOWT, ERARUVEE LBERESEEH I FMNTA—FRIT1EEELI=.

BINTA—EDLEFEHFAIC DT, TRER(2002) F4SEITHREX 2LT=,

¥1: T AREE(2002) TlE, TL—FEFEHBHED/\N—/\—FCMTIC KB R EMER (1976.1~2000.1[2FEL-Mw6.0LL L, FI60kmL FOHME) RUBREOHMBET L

DIESDENMCEFNEHEHRTE
X2 AAREERDUTIL, 2005F 118158 (Mw7.1), 2001E3F11B (MWD ITHEFETL—FRMENEAELTHY, ERBIEEFN TIN5 (B (2013)),

42° (Lay et al.(2011)) TH 3,

[BERE/ ST A—R R AT 1] [/ STA—2RE2T 1]
. RAKHEERE- -
HE L H REREA % EH L EHEE
AT HHE FFA~20km, 40kmFZE |:> {Es oA Heose
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1. MRICERTHREOFME 3. BEITL—FRME
3.6 FRFAMHE HEHERKEZLFANO®

BFIHMEMEICBTERAKUELREZLUTISRY,

[ -HEMGE, Em:-E%E

WHH/ 54— FRS T4 [ B%GE, R £E10°
INTGA—EDE ENERFE =RAKEEFRE (m) [ ] :EA~20kmAS B, EM: HE
: m) ; L
s o — Fyok O K& = BEANA0kmFEE), FEF : H#E
B ﬁﬁﬁ E%j—q_l;ﬁﬁﬁ 0 100 200 km
HHEE-10° 6.34 448 430 ‘
A H#E 6.13 4.40 4.45 y
5 o CEHI/ NS A4 o
HHEE+H0 7.05 471 468 By )
HA#E-10° 439 425 3.85
A
20km H#E 5.21 3.94 3.92

EHHEH0° 6.77 4.29 4.04

HE-10° 5.24 4.13 3.74
RN
40km HA 5.40 4.02 3.63
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W/ SSA—FRET
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Fig. |. Location of the studied instabilities. Gebra Slide is located off the northern tip of the Antarctic Peninsula. 61°14° T 3 61°14
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Fig. 6. (A) Detailed bathymetry of the Afen Slide extracted from commercial 3D seismic data assuming a sound speed of 1500 m s~ ' in water.
Note that the morphological expression of the main depositional lobe on the seafloor is very low (cf. Table 4). (B) Acoustic image of Afen Slide
extracted from commercial 3D seismic data using the Bulk Line Shift method (for details, see Bulat, 2003 and references therein). Note the small
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phases (1 is oldest, 4 is youngest). Image extracted from seabed picks of commercial 3D seismic data (modified from Wilson et al., 2003b).
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Figure 3. Schematic diagram of tsunamigenic slip at the toe of the trench slope. The submarine landslide was potentially
under the instable conditions before the earthquake, and it was moved with rupture propagation along the thrust. The slip at
the toe is accelerated by submarine landsliding. The many normal faults at the head of the submarine landslide originated as
fault bifurcations.
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