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Id. Date Place Mw Length Width Bottom Dip Slip Rigidity Reference
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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Fig, 1. Location of the studied instabilities. Gebra Slide is located off the northern tp of the Antarctic Peninsula,
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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
blocky area at the foot of the last failure phase depositional unit (cf. C) (modified from Bulat, 2003). (C) Interpretation of Afen Slide failure
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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Fig. 2 Map showing the bathymetric contours, geological structures and survey lines of the study area. Solid
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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 1s accelerated by submarine landsliding. The many normal faults at the head of the submarine landslide originated as
fault bifurcations.
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S37
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S37

W (28

METIL) INTGA—EDERTE

o ZRRETIVIZCHWE=NSGA=REZTRIZTRY,

- BREYIOZEIZDNTIL, Noda et al.(2013) [CKAMTARYME TCOEERBIERLTOSVICEEL M T RYHTE

(/35 A—5DEETE]
IHHE REE w5

BKEE 0, (g/cm?) 1.03 — B 1E

FRIZYIDEE 0 ,(g/cmd) 1.34 Noda et al.(2013)
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W E R AR HT (Kinematic landslide BT IL) : /STA—2DEHRTE(1.72)
BRITICAWS T RYEGEEEE, SARXFMLIE, ZBRETIVICEDMTRYZEFHZEDE, KUE~NDEENKELDLIICRTHIZETET S,

TEBRETIALEONDIMT NYRESHER~ 1803 RDMT NYEE(RFyTLavM ELUTITRY , Chbvn, AR T XY FAE305 1%,
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W E K AZHT (Kinematic landslide BT IL) : /INSA—F2DKRE(2.72)
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WEED
« HEBEMITARNYOERRNKEERE, ZFRKETREZLUTISRY,

(k{2 F481]
BRARKMAEFE(m)
BEHT <Y T o Bk D WEASHK | BUKE
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02 ke “BRETIV 4.25 1.99 2.13 0.00
I 7
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BE1ERBLO.2)
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TW5(GELRET(1984), KBIEH (1985), kM- (1987)),
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BE1EEBL(2.72)
- BERZRFTIE, F1EEEBLUMEOHMBRIEEIREZ BMEL-BEMRBEEIEEEZERL (200698 MNS10R), BIBICKYSESN-TBE I iEE
ANERHIAATNSDEEFEBHBEIZFE TS GEZITZH (2007), FEE(2012)),
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BXREEBAICIE BREBELFENEFBEOZEMAICE1ESBIUATFEL TOFRICIK FIEIL, F2~E5ESEIL,
BEELEONS—EDBILIALRAATENTND, -, BRABBELTEBED RIS ESMHTAICEIERBIUATFEL TORAIC
EN5HRBTEAICIHRFEF 1B, ZRAFE2HLUENDHL TS (EZEA (2007)),

LEBLOSLE-ESEILICE, HBOFHCHEI/NRELZRIEMENFET DA (KEIFA(1985), - F(1987)), KRELEE
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BNJAZEDHE

NIAEEITEADEERLG6A0kmDKFEELICRELTHY, WNTAE, XIA4E, 7778, hIO748, EAAAE, SFTM48, ZAN\I8,
HRASHIIEDS DD EDENZHDELBENDLD,

NIAZHEIRTEFETLU—MILBEARNFER10cmBBEDRETHNTEY, NT/EEFILBEATIAZET VUL (1997)),

60°N L L " L s L n | ’ . L |

= T Ny
) A AN
E ° /j\,y"/ " - i
40”4_;,7&;4;15 5 —
| 1HB —
- T \\

8

| =3

&

T
120°E 140°E 160°E 180° 160°"W 140 120'W 100'W

Eakins et. al.(2003) [Z— &R inZE

Dwitarn



I.EUSNCERTZEROFME 1. MITRVRUVHEHE 1.4 BEMTRYICERTSEEOFM 401
1.4. 8 /\'7411-3&0);@@*@?—&” S47

WX EAEEE 19755 KalapanaiEik (1.72)

- 1975FI2N\T A EFFF DKalapanafTif THENFE AL, BARAFKMTEENEAIN CRE (1976)), ZTDHERIEIIMWT.7TH S (Nettles and
Ekstrom (2004) ) ,

- BRABREICBITAREZEFOLIRIEDORZRXIEIX, 86)IREFTIZHTH55cmTHY CHE (1976)), NI RETIXEKI15mIBOERHIE A SN T-
(Day et al.(2005)) . %4d, REFFEDOWEAEEEFELTIL, HERFRTD1TenTHS CFE (1976)) ,

Initial wave Maximum wave .
o se ol
so. | Tide station " 3 Location Observed
Atrival P Doublle Occurred
time, GMT Rise | Period time.léal;VIT Rise ampl. | time, GMT (I]l)
Nov. 30 cm min Nov. 30 Nov. 30
1 | Hanasaki 8:48 8 8 756 10 o1 | 13i8 Honokahau (W) 2.1
2 Kushiro ? 12 13:08 - P 2
3 | Hiroo 7:42 15 12 23 10: 06 Kailua (W) 34
4 | Urakawa 9:00 | —6 15 7:42 3 12 12:11 : Kahaluu (W) 1.8
5 Hakodate 4 T s . . . .
Ia Same 2:56 3 10 75 2 2 13_ 20 | Fig. 7. Distribution of the maximum double amplitude (unit: cm) and wave rays Keauhou (W) 2.4
" * ' B ib-10 which are emitted from the origin subdivided into equal angles of 30 degrees. "
7 | Miyako 8:50 | -8 8 7:35 6 14 9:48 . Napoopoo (W) 24
8 | Enoshima 8:46 —4 10 FREHR CRE (1976)) Honaunau (W) 1.8
9 | Ayukaw: 9:00 | —6 8 744 4 : ¢ :
[0 | Avukava _ % | 10 SRERRICH BB AR EERELL, —— ,
10 | Onahama 8110 1 21 9:20 i + Milolit (W) <L.8
11 | Hitachi 7:27 5 16 24 10:14 HRAEICELIEEEHLONG South Point (W 6.7
12 | Mera 8:28 5 16 7:22 4 19 11:22 202 L L ‘ 1 i I ! : South Pomnt (W) i
13 | Miyake Is. 8:22 4 7 24 10:15 Kaalualu (S) 4.0
14 | Chichijima 6:53 6 18 18 10:18 20 . .
16 | Minami-Izu 7:20 3 20 11:46 Honuapo (S) 6.1
16 | Omaezaki 7:33 4 10 14 13:50 19.84 - Punaluu (S) 6.1
17 Owase 9:14 8 22 7:40 2 22 10: 00 Honakahau Hile 3 Ie
18 | Kushimoto 1000 7| 12 92 17: 00 196 ol | Kalue (S) 9.4
Keauhou 2 -
19 | Muroto 8150 3 8 11 11:50 s R Halape (S) 7.0
20 Tosa-Shimizu 8:00 8 22 23 16:23 1944 oha Codst * Honaunau L - x . ’
21 | Aburatsu 2 18 15: 82 o, o Apua Font (S) 14.6
22 | Naha 8:35 3 | 18 13 16 : 43 1921 SRRV o cing - Kamoamoa (S) 6.4
s Punaluu
A: Evident wave commences. B: Wave front is indefinite. Wave front is determined with 10 HehLRpD L Ka]apana (S) 2.6
the aid of the refraction diagram. + Kaalualu Pohioiki (g) 24
South Point ONoOIE! (o L
o\ N R
BARDFO®REEH A | Cape Kumukahi (S) 3.4
— « i o
(RS (1976) [C—BRINE) b i .
1 Hilo (E) 3.0

T T T T T T T T T T
-156.2 -156 -155.8 -1556 -1554 -155.2 -1556 -154.8 -154.6 -154.4 -154.2

NI B FEDRIRM S R _E S (Day et al.(2005) )
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SLY

B SR - 19755 KalapanaiZ K (2.72)

Ma et al.(1999) [, DBEMT Y, QEAFEWHBOVNT N THENT(FEDORFELHEERATESLL, ChOoDHERIZEYEBRAFEEL:
THH2ELTLVS,

Figure 17. Schematic showing a rotational slumping that causes
subsidence and uplift.
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1975 KalapanaiZE D AN X LDOFER (L), I RXYD LA (ET) RBEATEHEBICK2WEKER (AT)
(Ma et al.(1999))
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I. #EUNCERTSHEROSEM 1. 3 RURVURMERE 1.4 BEMTNYISERTSEEOFEM
1.4.8 N\NJAHEDBERT Y s47

TR R DR

- FE#E (2007, 2010) (%, E¥#MA7%DEM T—RIZEDENTAHEDORILMB OMMEBITEEREL, NTAHFETEHESNATLWAITOEKEEKT Y
WREYMO P TE KEREES-AIREEAHLIDIL, AT I7EEERDNuvanu I XY, /N\NTAEFEPDAlka-2t1F XY, /DA EFEEFD EKaLaetthd X
YDIDIZRESNDELTLNS,

- NIAEETRAELELBEMTIARNYDEHE, REFERICEHAITIHRELEEZ (McMurtry et al.(2004), Moore et al.(1989)), BEIEFHH LIFFICA LT
BEMITRYDSE, EXERFFS-AIREMELAHY, EmEHSKXELMVAlika-2 | ZFEHIEXRELTEEL-,

TABLE 1. Hawaiian Submarine Slides

Area. Length,  Width,”
No. Name Location km? km km Type© FHK (Ma)*!
1 North Kauai North Kauai 14,000 140 100 D (0.6-0.9) 5.0
2 South Kauai South Kauai 6,800 100 50 D(©0.6-1.2) 5.0
3 Kaena NE Oahu 3.900 80 45 D 36
ini 4 Waianae SW Qahu 6,100 50 80 S(1.0 2.9-3.1
3 5 Nuuanu NE Qahu 23,000 235 35 D (0.8-1) 2.1-2.2
6 Wailau North Molokai 13,0007 <195 40 D 0.7) 1.0x0.1
7 Hana NE Maui 4,900 85 110 S 0.86
8 Clark SW Lanai 6,100 150 30 D (0.5-1) 1.3%0.06
9 Poiolu North Hawaii 3,500 130 20 D 0.254-0.306
10 South Kona West Mauna Loa 4,600 80 80 S 0.200-0.240
11 Alika-1 West Mauna Loa 2,300 88 15 D (0.9-1) >0.112-0.127
2 Alika-2 West Mauna Loa 1.700 95 15 D (2-5) >0.112-0.127]
13 Ka Lae. west South Hawaii 850 85 10 D >0.032-0.060?
- 14 Ka Lae, east South Hawaii 950 75 10 D2 >0.032-0.0607
15 Hilina South Hawan 5,200 40 100 S >0.010-0.100
16 Papa’u South Hawaii 200 20 6 SF 0.001~0.005%2
17 Loihi South Hawaii 500 15 10-30 L. 0.001~0.115%3
Total 97.600
) N Soutn® LY Located by number in Figure 2.
0 100 200 KM N '\__’f?_"“\" / “Length of Waianae and South Kilauea landslides omits indistinet trregular topography beyond
-l steep toe.
PWidth at head of landslide.
i 8 “D, Debris avalanche: (number) is average number of hummocks appearing in GLORIA images per
— - R E— il square kilometer: S, Slump: SF, sand rubble flow: L. three unclassifeid landslides.
Fig. 2. Map of southeastern Hawaiian Ridge showing major slides bounded by dashed lines identified by number
e hoeri Locs oWy st s [ ##mEsm LYLac£C T <Y

axis of the Hawaiian Deep: dash-dotied line. crest of the Hawauan Arch,

EREREESAREE D H ST Y
[]-BELEHTRY
X1 McMurtry et al.(2004)
2 Papa’ u(No.16) DE L [EMoore et al.(1989) M “several thousand years ago” ED ERiRIZEK DL,
%3 Loihi(No.17) D& (L Guillou et al.(1997) ALoihi K IR AHE DR M SR OF-5£4~102+13kal2E D,

Moore et al.(1989) [ZHNEE
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0. #RBLUNCERTHEROFM 1. I RURUVMERE 1. 4 BEMTIRYVICSERT LHEROFM
1.4. 8 /\7411-3&0);5@1&?—&(') S47

WEFl#E R
lAlika-2 |DBEM T RYIZESIZRAKEMICE A EEHER T HIELTHMIC, T RYREHNSRFKEZHEE T HEERET LI
FERIKBIDHETE [L, Papadopoulos and Kortekaas (2003) 2k 220140 LIREIZHRAEL-HRA DM T RYZRDT—20HIZE DI I RYKBLERFIC
BITHERDBREKMDE RN, BRRFETHRILTHERELTHEL:,
Ma et al.(1999) &Y, 19754 KalapanaiZiR Dt § RYAKFEE2.5km’EL, TOHT RYIZESHBRBRICHE T ERRKUEZREEREXLSRIBEORZKIE
T#H555cm (8811 HREIFT) CRE (1976)) EIRET %,
Papadopoulos and Kortekaas(2003)( ctéﬂﬂj_’\“)1$$Et/$1&7k140)551¥itb\6, [Alika—2] @O K57 XY (1 RYAKFTEFI105km3) H/NT A THRE

v #FRYTDEKEEZV, BRRBRICBITHEEKAAEN LT D,
I RY20KEEZV2, BRBRIZE T HRRKEENET B,
v Papadopoulos and Kortekaas (2003) D R8{&IZ &Y,
h2 = a-log(V2) +b
h1 =a+log(V1) +b

£ AHOEEENIE,
= h2 - hl =a (log(V2) - log(V1))
= &0T,
£ h2 =h1 +a *log(V2/V1)
A

v RAF1E1975F Kalapanai i, FAF2EEERRICHLSE
B, BEKMNITUTDEIIZES,

{og(vol) 1975FE D ARBREICEITHEIRKA hi 0.55m
Y R YT (m?) ERRISH T B DR K L OB F* gpfgog%ﬁ'f;d Kortekaas (2003) 1= 2
(Papadopoulos and Kortekaas (2003) [Z/0%) DCHPIER a
X R IEERBEESELLTNELIED, PNG(1998/8 77 =2 —F=7) 1975F D9 RYKE Vi 2.5km3

B UIzmit (1999 /L0) (X BERICLDEE~DFENEEND,
MEZEDOH T NYAEFE V2 105 km3

*EIE/$/&'0)E|2'K: J_( &(761$1&7k{4 h2 3.8m
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I. #EUSNCERTSEEOFEM 1. hI YRV EARE
1.5 Mg RYE | ISREEAT 558K DT [s37 | 46 | s47 |

© BEHMEMEIZEITARRKMELEFEZLUTIZRY,

WKz kS
BAKEERE (M)
B RRETI " o | BEAEEK | BUKES
HRE | RKAAE | gmoaonnE | EEaE
fEEDihs XY RURIHEARE REMNEZLHEZE(IIBH T/
T AL AT £ “BRETI 0.84%1 0.78 0.77 0.00
KEMSZ
(SLS-2) Kinematic landslide T JL 0.74%1 0.56 0.53 0.00
ZRERETIL 4.25 199 213 0.00
BEHT Y HEftKkER
Kinematic landslide T JL 1.61%7 1.55 1.58 0.00
BAREEMEICHIT5iEL REMNEZHEZE(IIBH TS
IND AR BARRIZE T HERAKAIERK TI.8mIZE?

X1 BT EE TREATSELLE V=0, EHEDITORAKLLEEFTEH,
%2 :1975%F KalapanaiE K 12 &2 & 1B 86113 FT CORFAEE 8% (£ IRIE : 55em) &l Alika—2] Mg XY {KFE (£9105km3) M5, Papadopoulos and Kortekaas (2003)
[2&DM T RUKIEEEFKEDOBREXERAVTERE,

XY x3. 625,
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0. #EUSMCERTSEEOFME 1. 13 RYRVMEERE
1.5 Mg RYE | ISREEAT 558K DT [s37 | 46 | s47 |

© BEHMEMEIZEITARRKUETREZLUTIZRY .

W K 52T 481
A EE/K REUK ORTE
2l RRETIV .
BRKETFEE (m) B/KOES* % T RESER (57)
fEEDihs XY RURIEARE REMANEZLDEE(TBH TIPS
T AL AT 4 —EBRETIV -0.63 %2
KBEHRS %
(SLS-2) Kinematic landslide T JL -0.55 —X2
“BRETIL -2.50 —X2
EET Y HefiKER
Kinematic landslide T JL -1.24 X2
BARBEMEIZHIT5iEL REMANEZLEE(TBOH TIPS
INT AR RERMANGZIEEL, BEMRBRADEEMT Y LYEL /NS

X1 WA EEKRBUKRFEOFEMIT, HRHAERIVI. HEEGE 4. ZRKEOFFESE IIZFRE.

¥2: BUKOEE (TP-4.0m) E FESALY,

33 :Papadopoulos and Kortekaas (2003) [Z&kdi g RUKTELEFKEDBEFZRRIIKELFAGELES)ZEET IR THS20, KELTEAIDKELZEE S/
FTHILIETEGLD, BEARKEZDEBEMT RYIZKIBMMATEORAKE LR E (4.25m) ENTAHEDBET Y IZEDERKE(BRARFIZBNT
RAIBMIEE) DLLEMND, REFANSZHEEL, AEMRERADEBERMTRYDEELYE/NSNEEZLND,

XY x3. 625,
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