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Fig. 1. Index maps for the 2011 Tohoku-oki earthquake in the Japan Trench (JCG, JAMSTEC, 2011). (a) Blue and white contour lines are subsidence and uplift, respectively,
estimated from tsunami inversion (Fujii et al., 2011), with contour intervals of 0.5 m (subsidence) and 1.0 m (uplift). Blue arrows indicate dynamic seafloor displacements
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Figure 7. Tohoku earthquake shallow slip model showing localization of plate boundary faulting along
pelagic clay as observed in the tsunamigenic Tohoku earthquake. Uninterrupted slip is fostered by the
continuity of the weak pelagic clay layer and minimal overburden, in spite of the horsts and grabens on
the incoming oceanic crust (kmbsl—Kkilometers below sea level; Seds.—sediments).
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Figure 8. Seamount-induced compartmentalized earthquake failure: cross section is subduction of oce-
anic crust with carbonate-covered seamounts interspersed between regions of pelagic clay (Mochizuki et
al., 2008). The 1982 earthquake initiated at the edge (star) of the subducting seamount. The earthquake
propagated downdip away from the seamount and did not produce a significant tsunami. Here, similar
~M7 earthquakes repeat about every 20 yr (Mochizuki et al., 2008). The lack of ~M7 earthquakes centered
on the seamount suggests that its weak interplate coupling is associated with distributed deformation of
the seamount and overlying forearc crust during the interseismic period (Wang and Bilek, 2014). The
geometry of the upper plate rock units is generalized from Tsuru et al. (2002) and von Huene et al. (1994).
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BIR AR D LB

LLEKXY . #2574th (2014) $F 4L KR ET ILE EEAEEETE (134,733km2) R ELT=,
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X b 2 — = = FA2EEEES
FHEERRETILORE (FHIEHETE) M40 Bi |

AERFQ2012) 1. HADEXK#MER UV BARE D THRELEMWSL EDHEZ XN RIZ, EREMBETILOENGHETEZBELTWS. B
KithEBEDERMBETILOTYIE AR TE (6FEH) (L., Fi91.2MPa, iZEREEMZSE22MPaTH S, 512, MWK Y /NS EZEINZ 1=
BEIMEDOEYIS ABETEDTFHEXIOMPaTHD ELTLVS,

R4 ZREUT—SEAVEBRITICES YIS HBRTENEE

A0=(1/16) x My/(S/ T )2 =& B,

IS ABRTEIRAMRISYIIZET HEshelby(1957) D

FBNSTDERMEET LRFR (EZREE)
(MREFF(2012))

Earthouake Reference ta MONm M Shnd) |0 (WPa) Jogi0i o) |BERDRE MENTSEW($EEEE HEENH [EE
2003 Tokech-oki_ |Tanioka et . (2004) Tu 100E B 0600, 26 04t 041 2800 oo oo 0408
1946 Nankai Setake (1999) TuG 0B 63 594013} 0 55 001
Kato and Anco (1997) T A0EQM 83 ool ofl 0 000)
Tanioke and Setake (20012) [T se] el e 1 o e - 001 U
Baba et l (2007) Ty I 000
1944 Tonank Satake (1099) Tu6 IR 001
Keto and Ando (1997) TuG M0EQM BN dwool  ofl 0 40 osof ool o0 0085
Tanioks and Setae (20010) [T S| £ N IV 000
ELBAATIANE |NER Tsunani+GPS 420642 90| IOERB| 25 0% 09 ol om| ool 00w
NI0EFUHE  |Losto et a(2011) GRS+ Tsunami+hSAR (95020 68 10000l 08 -008 008 o8 ool oo 0028
AMERTITHE  |Lorto et 2010) 0PSHTsunari+ & o2 ws] w0 0g  m 0 — o
Fuji and Satdee Tonani+ §E oe2 or2] ool 13 o ' o ' '
pRENTHE i
hg(A0) 009 0059
Ao 12
HEERE 2
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o o — = = FAEBEEE
LR EET L OB T (RS AR T E) PAvpaal

* Murotani et al.(2013)[&, TL—MERMED R —U2 0 BRICDONT, BARMETHEAEL-MWSALI T D26 DT L —rERMMEIZ. 7DDE
KihE (2011 FERIL AR EFEDHE, 2010FFUHE, 2004FRATRS—F oA IUME . 1964F T SANME ., 1960FFJHE ., 1957F 7
Ja—v B 1952F h LAFvyhthE) ZFBML., BERMEEZEH-Z RO BETIVLICEITARAT—) U J BIE&RELI-EL TS,

- ARBEEZRELERT—IVTEI(M=16/(Tx 132)x Ao xS¥2) 5, BEiEEE (S) EMDBERADFEHIEHBETEZETET LK
1.6MPaTHY  1Z#{RE :SD(x 0)EEET HL. FHIE HET 2IXHRAT3.0MPa (BEIRFEIE (S) EM D EEFRR) £45,

+ 2011
- A 2010
3 0 2004
: Yr 1964
: Vv 1960
3 & 1957
F & 1952
O== this studty
-~ 8D (+0)
— Murotani et al. [2008]

10% - E
S=1.34x 10710M2/% [
' (SD (= 0 )=1.54)

107 (Murotani et al. (2013) [Z#nZE)
10'® 10%° 10?1 10%2 1023 10%*

Mo (Nm)
BRIR AR (S) EM DB &

Combined rupture areas (km?)

EWIEHETE: Ao=157MPa
S+ oBEDFEHRNETEA0=0.82MPa
S—oBDFHRNETEA0=3.00MPa

s LULEDHMRZHFEZ. EHILHETEE3.0MPalZEZELT-,
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WEHRBEN 3 MBCERTDEEOFME 31 TL—MHBEICERT HEROFME 312 HhARTEHLOREIR
BHEALRIRET ILOEE (RITESR)

F42EBEEE
BHl3-4-2 HiE

C ONERLMFATESHEEROBRET LR RNFELEIH AL, TAENOBIEELEY 5T BT A MRETHE51
ORI EEEHLE,

INSA—5 REE [FHLRIEEROEE]
- - WETEERE: S
BB EFE : S (km?) 122,787 N B OE EIESID A
FHTRYE:D(m) 9.14 S= % Si=122,787 (km?)
HEE—A2 K M;(Nm) 5.3 X102 BEHTARYSE D
R 1 (/) X100 INFBOREHESEEALLTHRE

D=2 (SixDi)/ X2Si=9.14(m)
o yEm
&w;\ | B Wi EE—AR:M,
o I RINFBOMBEE— A D AE

| M0= MO shallow + MO deep = 5.3x10% (Nm)

40.0M

—l —_T.
‘ : MO shallow = Z (u i shallow X Si shallow x Di shallow )

39.0N
\

i
i

I; }fﬂ | MO deep = Z (u i deep X SI deep x Di deep )
i TARFEER(2016) 5 ELLTEN TN ORI RERE

| RI20kmELE Ui aiew =35 X 1019(N/m2)
| SRE20kmELE Ui gee, =7.0X10"°(N/m?)

37.0M
T

36.0N
=

W E 7RI g
¢ =M/ (SxD) =47 %10 (N/m?)

35.0N

iy, At ‘
e Tl T S i PR S
¢ 1 \ \ ‘ |
139.0E 140. 0E 141.0E 142.0F 143.0E 144.0F 145.0E

« UELY, BItEERZ47Xx100 N/m?IZERELT=,

0MERIEMAREXEIHBEOBEETILOTRYESF
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FIEEIRRET ILDERE (TRYESH )

F42EBEEE
BHl3-4-2 HiE

LR RIS EEET 5=, LEFM(2014)ESF (2. KIANYEL BRI NYBOEEL., $AYEZFHLE.

® AIANYF FRMBDFENITNYED1AME. EREEDINIEE (BAITANYEEZEL)

® BRITAYE ZRMBEDFIITAYEDIME, EREIED15%2E

N~ hiRE KHAE BARE
(~Mw8.2) (~Mw8.8) (Mw8.9~)
Hy—9 Y 2ERRET RY RFET Y
8D —- 048, 2D
~} 068, 0.33D 0,568, 3D
N B3l
D 0 KT AR ! | 0.25S, 1.4D
s f 3 ! d
| S CERLEBOEHE | |- 068, 033D
| D EHTYE

R Ep{th (2014) (2L BMwBILL EDIREDHIED
RKIRYEF - BRI RYBOHREH
(2 F71th (2014))

HBE ()

ha»—u\ '}Cﬂqxﬁ’ﬁ\h N

42
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o #LAIfE
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=
I

41
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139 140 141 142 143 144 145 01 1 10

B7E(C) REES (m)

EHREILB~FREERAIZETH31MBEICHESZRDEISX
(AL AR F B ZRERATY IL—T(2012))

XEM DI SRR A IRIR T A O+ A NEN S G T AEAND. B
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WEHRBEN 3 MBCERTDEEOFME 31 TL—FREICERT HRROFME 312 HbhARTEHLOREIR
L RIRET ILOERE (TRYEDT)

F42EBEEE
BH3-4-2 HiE

B (2013) (&, BUBLRIBIRTS . BURIMBRE S T 2RV =Da A UM UN—Dav AL ESN R RKRET LERAWT. [RF D

HARFE150mKRRADERKZRSICHFS L2011 FRILMARFEPHEOTAYBEHDOSHERELTHEY . RiBENPPHIRIL,

AMEELYITLADLEN-RER PO BXRBEMEDZXRVNES D/MBAKREFHFELTVSELTIVS,

TRYE

CT .

75 m
70m
65 m
60 m
55 m
50 m
45 m
40 m
3B m
30m
25m
20m
15 m
10m
5m

Om

BRAKEETIL (a) &k NPP (b) #5555 - NPP (¢) #zJI| NPP (d) A NPP
(#2874th (2013))

FRFAFALDHE150mKREDRKESIZHEITZ/NHEBDESAER
(2 F71th (2013))

4.00
3.00
2.00
1.00
0.00
-1.00
-2.00
-3.00

-4.00
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LB ETILDETE (BIE)

F42EBEEE
BHl3-4-2 HiE

[:RE70—]) [EREFREM ]
//&’/ﬁ:ET)I/@ E \ ______________________________ . _
- D> RFEHALELAO—EIHE | ° ShRhbbb b :
RRARE (BB EAR: S)DERE -1 o ;_z_ s ) . ;
) | M7~M9YSZADMBEDEHBETE | = )f&“ SRAEm |
= -=D>1 OE>OEEEE (WA (2012), ! & 4 :
qzi’JfE\jJB:t'FE A E T i Murotani et al.(2013)) ' ?"'\) frrea,. - o
an || O 201 ER A AT EOEE | I
BT 1 D | ETLOBEEERE = [ CEARR G m S
: CemommErsarorme L | b 3 N
37 HE S . = L oL N % Z[F Rr—)> 2 H : := N
:Fi’JT’\UT-Da)ﬁiE | HEE—AVRDEERALEE ! s} s, 2
e '..: 5
= J 5
______________________________ < /\ *E ’E~ o
L L e85 r 1 NS - :)
TAVERT VR BRED L LS emmoos -assme : S kS
\L B | ) e i
o
<
<L a0 £
IS A—=HX REE INSA—4 REE
ErEmiE: S 29,630 km? TRY= -
HBXY — =
EYIEHBRTE: Ao 3.0 MPa Ry | EEEEE _ 4
BITEER: u 47%100 N/m? (B R ER)
R . FTRYS 90 m . .
E—AVNY T =ZFa—F:Mw 8.5 xT~R _ XESILE S
L mEiE R EREIBED40% = .
FHTAUED 45 m = (&'ﬁ%ﬁ?ﬁ) (11,862im2)§<z B Xy ~us
HEEE— AL b M, 6.3% 102" Nm FRUB 5 0 #== |
%%%‘E : 140. OF 141.OF 142. OF 143‘ 0F 144.0
1 FTEU I~ & B B S C LB C% B/ 85 A— 3 (SIS : EIFR L 3 SRERED60% WA E 1
M, F<UBE) b5 EIL ORI R ET LERE (BBEH) | (17,768 km?)*2 R RRET )L (—H)

X2 WBEEEFEROFMEILKRET ILE, KTRYVEBOMME
ICRYETFEET S
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ML ERETILOD

=L =

ax &

F42EBEEE
BHl3-4-2 HiE

+ Uchida et al.(2009)I2&274JEVBIL—FDIAERESEIC, TIBE~ELHPO—HIKBREET IILEHREL =,
\J-T) = é);llll.lllll:: ;
. :
J4VEVETL—k ‘ f\é FET L
DIALEE | / mRe ;A N
B N :;grfﬂ!- : (3
o - ..'...l'):: ;5‘
- . 5 5
~ .: .:%ﬁ
Y
ooy

35. 0N

~,
«

TU—MERMBED T RYANINUERENETAIEV BT — D L RBBEEER)

(Uchida et al.(2009) [Z/0EE)

AEETL—F

143.0E 144.0

140. O 141. 0F

142. OF

ERTL—rETAIEVBTL—FDEREERELI-RIHM BT ~FER

HO—EIERELIZERETIL
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3.1 FL— Rt EISER T 5iE K0T
3.1.4 ZKWEARMNLERARICEET HEFRR
(1) FHEREETILOETE
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(1) $EERIRE

TFILDEETE

F42EBEEE
BHl3-4-2 HiE

« RPEAPBETIERERICSONT, RTFHEBELILEREREL

FERIIEET SR ERDHT

ZPWE A CERIPICEES HERRFEDHET

NSA—4 BREE RNSA—45 BREE
BFEEAE: S 29,630 km? WIBEE:S 53,684 km?
E—AUMIT=ZFa2—F:Mw 8.5 E—AVMIT=ZFa—F:Mw 8.7
FHFRYE:D 45m fliiéﬁ'&‘UE:D/_\ P
BATARYLE _ ARITAY ‘:4D ~ 243 m 2
(EHELEER) g gmeg SRERED
IRYE KXY 2D 9.0m FTRYE KeFRYE:2D 121m
(EFELLER) (&REFED40%) (E#E ) EREED15%
&= 9A15:0.33D 15m

B =45E18:0.62D

. /\/> BRRH S
& é/;ﬁ E
A
o ) %
5
g TN = fo
5 £
o
- i
P "
=[rd { B 5"-:
'&\..; :
K R HERSEE
3 o
N o W <~y
O %@
140.0F 141,08 142. 08

4. 01

ZIFBRHICEET DRBKIR

wmermsnel, 2, 3225 K

RFHIRE. FERKRO

RREEK
HETHRIR

XALRTL—rET1UE
UETL—DERE
ME CER LD LS

|zsa

—ax &

TR F M SER

|
X%i%liiﬁi%iml
1
O @xs~vs
E xF~us
O s

I IE
1.0 1w

PICEET DFKIKIR

\\Sj;/

fREFHIERE2. BRI NYBZERE

KiRE
(~Mw8.8)

2R <Y

B ith (2014) TIE,
Mw8.TDIEE BB RT N
YZEHREL TR

+

RFHIRES. KT ANYERUVBRIT AYEDOTA
YEZEIYEL

BRHR
(Mw8.9~)

IRRETRY

0.15S, 3D

0.25S, 1.4D
0.6S, 0.33D

(#2F71th (2014))

0.4s, 2D
E $
0.6S, 0.33D

BAHE
(Mw8.9~)

3BRET Y

0.15S, 3D

0.25S, 1.4D
0.6S, 0.33D

BRTRYEBRE
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EHRAEN 3. MEISERTHERD

(1) $EERIRE

TFILDEETE

i 3.1 TL—MREMERICER T EROFTM 3.1.4 RMEHHNSERIPICEETHERKR

F42EBEEE
BHl3-4-2 HiE

KR TR W E T HiRERIR KPR IS EEHICEET HEERR
- EhESEREDES [R-FRUERE1] [R-FRIEZE,2] [RSFRUERE1,2,3]
BB+ RENICEE EREROEREE EREROBEEE ERREOREEE
TL—ERBRUEBEERNSK B ETHLE B ETHR B ETHLE
TRPBEERRE + +
BRI RYFEERTE BRI RYFEERTE
+
RKIRYBRVBRTRYED
FTRYEFZ|YHEL
BrEmiE:S 29,630 km? 53,684 km? 53,684 km? 53,684 km?
E—AVRRYT ZFa—F:Mw 85 8.7 8.7 8.7
FEYFRY=:D 45 m 6.1 m 6.1m 6.1m
HBRYAYE _ _ 18.2 m(3D) 24.3 m(4D)
(EfELER) (ZAEED15%) (&AEEDS%)
+RYE KRy 9.0 m(2D) 12.1 m(2D) 8.5 m(1.4D) 12.1 m(2D)
= | (EEk®x) (£KEFEDA0%) (RAREED40%) (£REHED25%) (RAREFED15%)
=M 1.5 m(0.33D) 2.0 m(0.33D) 2.0 m(0.33D) 3.8 m(0.62D)
(EfELLER) (&AETED60%) (ZAEFRED60%) (ZAETED60%) (ZAEFEDS0%)

FHHELRIRET L (—HB)

! XER (L
-1 S I S R o Daxs~us ||
| B xv~ys @ B K~y
] 1 WRS | \ |0 mams ‘ (=] %I%am
o0& TLE Q. WL 0.0 .0 2,06 0 . T T T - e
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(1) HELREETILDOERTE
BREIA—]
/RBETILORE N\

T
1
L

RIR AL (BB ETE : S) DRTE

THEARTE: AoORE -1
v

ﬁi'l’fi%:f DHRTE [T
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FTARYE@BRIANYEL, KIARYsE, | | _
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_______________________________

M7 ~MOUSADMENGHETE
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i Murotani et al.(2013))
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_______________________________

| 0N ERI A AT ENEE |
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- > MEOHMICET ARy UL TBIE |
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HERE—AVE:M, 15x102 Nm FRYS 38 m
H=E
3 migtbE 2AREEDL0%
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M.

]I‘.xi.

s
......

|
L
|

141, 5%

4.0

X%'Yﬁ%li;ﬁi%iﬂl |
0O #AT <Y
R ESRUE
O wsaEs

1 L
141,34 14408

FHEAERIRET L (— )

PRSI TR AL A KT B 0 IR IRUIR G T AR AT) ERIHR

109



3. HEICERT HERDTE
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(2) INFGA=BRET 4 CRIRGLE) O FE#ER
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WESBAER 3. MEICERTIERD
(2) INDGA—RRZT 4

i 3.1 TL—MREMERICER T EROFTM 3.1.4 RMEHHNSERIPICEETHERKR

RIBALE) DFHERER (KT AAYBDAE . F2IR)

F42EBEEE
BHl3-4-2 HiE
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=
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o N _ < e EI2EEERE
(3) INGA—RRET 1 (BIRIEHE - ILH EAYEFE) DERTE (BE) ZHs-4-2 BIS
(B2E70—] [ExER#L]
IRSA—BRET 1 (HIEIEHE) D | mmmmsc. wEREEA2 |
(HIEBIE AR UMBEEEREOFTENS) | | :<2009>§%*%':ﬂ““”ﬁ%@m !
15128k |
Ly BEEBREL AN~ | |
D CaVvENTREREOMREER | =
Y ! (Satake et al.(2013) . %2 E54th (2014) | 1
BAELD | PRIRT(2012)  OERAEFRHES |
BIERIR A RUBIB R EEEETE | #B(2005) ., Fujii and satake (2007))
e — | Satake ot al.(2013) Sk B2/ S— |
INGHA—BRETA (AL EAVRRDQ | o) SavBHORMIsEAYEME
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Y
ERE ST
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F42EBEEE
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BERPEH 3. WEICEETDRROFE 31 IL—EBERISERY SRKROFME 314 KERHHSELFCEET HERKE
(3) INSGA—BRRZT 4 (WIRIGHE - L5 LAY DR TE FHECEREDRTE)

F42EBEEE
BH3-4-2 HiE

 Satake et al.(2013)(X, 201 1 FEH AL A K E A EICHFESEROBIRET ILOBIREEEREZE2.0km/sIZERELTLYS,

(@) 140¢ 142°€ 144°€ (b) 1a0¢ 142°E 144°E

0o 4 B 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 3B 40
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558 ET L AUMETIL

011 ERILMAKREEFHEDZEREROBEETIL
( Satake et al.(2013) )
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(8) INGA—BRBT 4 (WIRIGHE-ILE EAYERD) DR TE

(BRI EEE DL TE)

F42EBEEE
BHl3-4-2 HiE
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o —— S — e —
0 5 10 15 20 25 30 350 5 10 15 20 25 30 350 5 10 15 20 25 30 35 3.0 285 284 285 274 297 319|249 252 256
Slip (m) Slip (m) Slip (m)
Figure 7.  Slip distribution estimated by inversion of tide gauge (TG) data. Rupture ve- _
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EFFA: 0 (¢) 180
ITRYF: A (°) 270
, 0 180 N
E@: 0 () 205 T REL(2011)
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x (km)

WRHHAER 3. MEBICERIIZROFM 3.2 EETL—FRMBEISERY 5ERO T

KIRETILOERE (BIMERDERE)

o TARELR(2016)IZEDE. RIMEZERET0X 10'N/m2ZERELT=,

xis *
’ B sk R30S
@r
[
40F =
: L3
100 km ! 30
i
L 2 %

(a) RALBARE D (F3#(1978))

(b) Bt B A &34 (FE ik - 43k (1997) %)

Ietwed Are
s
REb3D E
AMAZ wEma |
= ~ L]
— e /—/_“-—s’d_"’\\— S
ST 0 s 8 ’ 1 stmel
.- . e
e 68 83
10 —
85 e
15 i P
£ M1 e o
2 ®0) 80
§ i -,
o 168
)
35 P wave velochy(kmis)
) w0 100 150 200

g # -
(B) B A g RS i K
o § o L T4 sk
E
S
al
%
40 7.9

R
(e) Fam B A 18 (B Bk - 43k (1997) %)
PIREREBIECBI T HEIEMRA (X RF R (2016) I2NZF)
% (b) AL B AR D (A 43k (1997)) (&, Yoshii(1979) [Z&k APEEEEESEL TS,

F42EBEEE
BHl3-4-2 HiE

Vp./VsttIZB 9 2 BEE R H] (k- KR (1996) )

it ol b s b | Fathak | B~ ba ik - i 5
I 1.67 1.78 Yoshivama(1957)
I EES 1.68 1.75~1.79
LI 1.716 0.021
5 llL 1.77
1[5 1.70~1.71 1.73 Hashizume(1970)
CiE[d 1.66 1.75 1.70~1.75 [#NS0977)
1.75~1.80 | il kilZo b #TE
iR 1.70 = 5 (1977)
PR RESE (1.66) i 5 (1980)  # Jeg oo i
rpEpHE | 1.68£0.02 [1.75~1.81 .77 Ukawa and Fukao(1981)
2O Vp, VsinbROTE
Iy (1.58-1.65) 1.75 1.73 [ii 17 « AF+(1983)
1.73 O EFER O
B | 1.6720.01
P 5o 1.69+0.01
3 1.7120.01 T _
b 1.69-40.01 & - $5)1101995)
W EER | 1.69~1.78
PRFILE | 1.66~1.71
BOEfH [1.68240.016] 1.686% 1.90 s
U705 1.700+0.053|  1.686% G fa.l‘,’:'l”“: = TP
IT 8 UL i) 1.680-0.023]  1.76% e I i i

RIREDEE ORIt EDOIRAENE (£ K%F%(2016) 120F)

i 5k

i

fill 4 2

- PR A AREEW S L— RN
- H AR #LiG
- 7' L— MR A (ke 2

R ES 20km LAFEICTR(E

4 7 4 A0
F5%E)

Vp=6.0 km/s
Vp/Vs=1.6~1.7

p=2.7~2.8 glem?

e,

1=3.36>1010

~3.94 X 101 N/m?

b 7o - g i G i b -2

3.5X101° N/m?
(3.5 X101 dyne/em?)

CEET L— B
7 L— NEERES (Mg e

A & 20km LAVEICAF(E

J L

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

&,
1=6.31>1010

~T7.50 %1010 N/m2

: Z OHHIE & 2

RS

7.0X101° N/m?
(7.0 X101 dyne/em?)

RS 20km LA & LURIC

728 THEET HHE)

i L EROPIGE E T 5

5.0X101° N/m?*
(5.0 % 1011 dyne/em?)
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MRERAEN 4 HELUSMIERT HFK O

4.1 NITAHEDRBEMT Y (BE)

F42EBEEE

EH3-4-2 Big

UTO70—(2HW0 NTAHEDBEMT NYIZDOWTHEZREREL. ERESOREHET o,

1. BEMYT RYDHER

* XEKOBIE-REAEITV BEMT YU OFREHER

[ NIAHBRDISEET XY ARITIH }

TLV3, (Moore et al. (1989) %)

A

i 0)‘
s REER, REFICKYFTMXREETE

[ lAlika—2 % EELT=, ]

A 4

L EELIBENT VBB OUNT, T —SEAL TRER
BEEMERL. BRHBETL BERT Y OREERR

[ l[Alika—2 |DBEMT RYRIE (=) EH#HEL=. ]

S ER

23

CEBIC B ARSI HE

A 4

[ NIAEBEDOR

Efd NYISERT HERDOBBADZEIL/PSU,

%=
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HESRAEN 4 HELUSNIERY HEIK O

41 NITAHEDBEMT Y (NT(ZEDHE)

F42EBEEE
BH3-4-2 HiE

NIAESTEARDERKI6A0kmDRKFEF LICHNELTEY . NTAE. XVM1E. ATIE NITAE. EANME. FTAB. ZAN\IE.
NHRFSVIEDEDODEDENSHD ELIREN TS,
NTALEDEDIRFFETL—MMIABESRNERO0cmIBEDRETEINTLDD T, NTAHEBIFILBEATIAZTE R (£ (1997))

60°N

20°N

40N ] //
Y

é INDAHE
kS
g% \
&
T T T LI T L
120°E 140°E 160°E 180 160°W 140

Eakins et. al.(2003)
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MRERAEN 4 HELUSMIERT HFK O

4.1 N\NIAHEDBERMT XY (XHEEFAZE  19755F Kalapana;E K (BREEIK))

F42EBEEE
BHl3-4-2 HiE

1&(EX24cmTHH1=ERINTLVS,

. 1975£ﬂ NI A EFEFD Kalapana fHEIZREMNEIY ., BRAFEEMTEENERSINT-CHE(1976)),
o HEDRIE(XNettles and Ekstrom (2004) DCMTEEIZENI[EMWT.TTH S,
. ﬂ%ﬂw@k&hw HARQRIZHE AR ELHRDRRNERIBEORKIEIL. BWEEL)IIZHT555cmTHo1=, KWEBILIZHITHIRKRER

 Day et al. (2005) [C&NIE, /\TAL D FETRXISMBO;ERNERSINT-,

Initial wave Maximum wave
No. | Tide station A B
Arrival : : Arrival : 20&\1]0113 tpccuréigl‘
time, GMT | Rise | Period |y oWy | Rise | MFL | Hme

1 Hanasaki N%vf 4SSP cén mén N(')Tv:' 5%] 1061‘l 2?[" bi%v. 3329

2 Kushiro Q 12 13:08

3 Hiroo T:42 15 12 23 10: 06

4 Urakawa 9:00 —6 15 7:42 3 12 12: 11

5 | Hakodate ? 17 13:30

6 Same 8:56 2 10 T:55 2 5 11:16

7 Miyako 8:50 —8 8 7:35 6 14 9:48

8 Enoshima 8:46 -4 10

9 Ayukawa 9:00 —6 8 T:4 4 55 10: 44
10 Onahama 8:10 4 21 9:20
11 Hitachi T:27 5 16 24 10: 14
12 Mera 8:28 5 16 T:22 4 19 11:22
13 Miyake Is. 8:22 4 7 24 10:15
14 Chichijima 6:53 6 18 18 10:18
16 Minami-Tzu 7:20 3 20 11: 46
16 Omaezaki 7:33 4 10 14 13:50
17 Owase 9:14 8 22 7:40 2 22 10: 00
18 Kushimoto 10 : 00 7 12 22 17: 00
19 Muroto 8:50 3 8 11 11:50
20 Tosa-Shimizu 8:00 8 22 23 16: 23
21 Aburatsu ? 18 15:32
22 Naha 8:35 8 18 L 13 16 : 43

A: Evident wave commences. B: Wave front is indefinite. Wave front is determined with

the aid of the refraction diagram.

FIE (1976) Tk B BARRDF DT HK

? e

PACIFIC OCEAN

ig. 7. Distribution of the maximum double amplitude (unit: em) and wave rays
which are emitted from the origin subdivided into equal angles of 30 degrees.

FIE (1976) [Tk DR MER
MAERRICBFAKELEARDRERELL, I
EHEIC&DEEEHDNELN

1 1 | 1 1 1 1 1 1 !

20.2

20 4

19.84

19.6

19.4

19.2+

18.8

18.6

Honakahau S
«Kailua Hilo
« Kahaluu
“Keauhou Cape Kumukahi®
r:iaonaunau -Poholkv
Kona Coast H : A,
ala . ana
e Kamoamoa
Knlue KeauhouLandmg
* Milofii 3
s Punaluu
Honuapo
.
 Kaalualu

South Point

T T T T T T T T T T
-156.2 -156 -155.8 -155.6 -155.4 -155.2 -155 -154.8 -154.6 -154.4 -154.2

Location Observed
(m)
Honokahau (W) 2.1
Kailua (W) 34
Kahaluu (W) 1.8
Keauhou (W) 2.4
Napoopoo (W) 24
Honaunau (W) 1.8
Milolii (W) <1.8
South Point (W) 6.7
Kaalualu (S) 4.0
Honuapo (S) 6.1
Punaluu (S) 6.1
Kalue (S) 94
Halape (S) 7.0
Apua Point (S) 14.6
Kamoamoa (S) 6.4
Kalapana (S) 2.6
Pohoiki (S) 2.4
Cape Kumukabhi (S) 34
Hilo (E) 3.0

Day et al.(2005) [CkB/N\TLRFDRMARVHEES
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MRERAEN 4 HELUSMIERT HFK O

4.1 NIAFHEDBERMT Y (SCEREAE  1975%FKalapanaiE K (BR1F:EK) )

F42EBEEE
BHl3-4-2 HiE

Ma et al. (1999) [, DiFEMT XY, QEAFHBOVNT N THINVMBELORBERZHRATESEL. ChoDHBERITEYZBRAFELELT:

THHIELTNS,

Latitude (deg)

20

,_.
o
th

—
o

18.5

Figure 17. Schematic showing a rotational slumping that causes

subsidence and uplift.

A N Y

- - 195 |
alapana
7 P E
"tg%z

212|214

414144 19
0 Km 3
= ]

- ] 1 1 o 185

-156 -155.5 -155 -154.5 -154  -156 -155.5 -155 -154.5 -154

Longitude (deg) Longitude (deg)
Ma et al.(1999) [Z& 519755 KalapanaiZ KD AH—X LDER (L),
RYDHF(ET) RMEAFEEBICKS4EERE (B T)
WFhOETILTHEEERREE (=TI RYIZ&DEERERE)=2.5km3
ELTLVS,

ETEO/NyFERITLMEE ., BIREMILEEHTH L. HFITEFEEN
(MERT .

143



WRESRAEH 4 HELUSMIERY DFEOFME

4.1 NIAFHEDBEMT Y EEAERVEHEXRDEE)

F42EBEEE
BHl3-4-2 HiE

NIAHEDBIEMT YOV TXXEAETETERL -,

* Moore et al. (1989) [ZENIE. NTAEETHRAELI-BEMT ANYDEEFHEATRINTILNS,

* McMurtry et al. (2004) FIZENIE. NTAHEFDDEEMTANYDFEEFRLNTINTIND,

- 1&H (2007, 2010) 2k (L, FHM7EDEM T—RIZEDENTAHEORILIB O M AR MS. NI/ HETEESNTLSITOEKEE
g RYHEBYO T, EREZREFSI-ATEEELNHAHDI(E. A7 TEEEBDNuvanu i XY /T A EFEEDAlika—2ith 3 XY ZL TREED
HKa Laet I RYDIDIZRESNDED REEEZRLTINS,

UEMS, BEIEHHLUBRICELTRYUDSE, EREREFESF-AIREMEAHY ., MENKEZLV Alika-2 125l RELTEELT -,

TABLE 1. Hawaiian Submarine Slides

Area, Length,”  Width,”

r No. Name Location km= km km Type© 4L (Ma) X1
- +
\‘\ 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) 50
\‘\ | 3 Kaena NE Oahu 3.900 80 45 D 3.6
’ 4 Waianae SW Oahu 6,100 50 80 S (1.0 2.9-3.1
5 Nuuanu NE Oahu 23,000 235 35 D (0.8-1) 21-22
22° 6 Wailan North Molokai 13,0007 <195 40 D (0.7) 1.0+0.1
[ o 7 Hana NE Maui 4,900 85 110 5 0.86
A 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 5 0.200-0.240
11 Alika-1 West Mauna Loa 2.300 8 15 D (0.9-1) >0.112-0.127
[z Alika-2 West Mauna Loa 1,700 95 15 D (2-5) 0112-0127 |
13 Ka Lae, west South Hawaii 850 85 10 D >0.032-0.060?
14 Ka Lae, east South Hawaii 950 75 10 D (2) >0.032-0.060?
15 Hilina South Hawaii 5,200 40 100 S >0.010-0.100
ey | 16 Papa’u South Hawaii 200 20 6 SF 0.001~0.005%2
—— b 17 Loihi South Hawaii 500 15 10-30 L 0.001~0.115%3
Total 97,600
Located by number in Figure 2.
“Length of Waiana¢ and Scuth Kilauea landslides omits indistinet irregular topography beyond
steep toe.
"Width at head of landslide.
‘I3, Debris avalanche; (number) is average number of hummaocks appearing in GLORLA images per
square kilometer: S, Slump: SF, sand rubble flow; L., three unclassifeid landslides.

C ] s ME i LYERTISEC T RY

Fig. 2. Map of southeastern Hawaiian Ridge showing major slides bounded by dashed lines identified by number

i . 323y s =Tk s
in text and Table 1; compare with Figure 1. Dotted area. hummocky ground (widely spaced where subdued); hachured BEREREFFES-REEDOH ST Y
lines, scarps; thin. downslope-directed lines. submarine canyons and their subaerial counterparts; heavy dashed line.

axis of the Hawaiian Dezp: dash-dotied line. crest of the Hawaiian Arch, |:| BELEHEARY

31 McMurtry et al. (2004)
32 Papa’u (No.16) DK [EMoore et al.(1989) 0 “several thousand years ago” EMD ERIR(ZE D,
%3 Loihi(No.17) M 1EGuillou et al.(1997) HiLoihi K IUR A D EHF M SR DHF=5+4~102+13kal ZE I,

Moore et al. (1989) [ZiNZE
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AESAREN 4. ELSMNIERT SHEROFHE

4.1 NITAHEDBEMT Y GREM RS HIE

F42EBEEE
BH3-4-2 HiE

o INTAETEED (Alika-2419 RYE D) (2DNVT, N\NTAKRE/ THRGEERBRE FH AT IR (SOEST) IZ& 5 AT 2 ILT—R(50mT 1)
MZEFERAL. BEEMEIVA—RRUVIESREREEZRZERL. BEMBHGZEEZITo-.

o BEMBHGZRICHOTIE UTOHREEFICUK ST, BEMIT NUDAREEDH M EMEL =,

OBERT Y hfiz D | rE &

g RYMBELTIXBEEETOREBICHAMT Y LR GEEZ LR AL
9o LD NYIZEAT, KR EEADEALH D, FLADT—AT

[FLBRIERTE

LIKKLWDTHRFELTERET %

BB FAR. I0FROFER T HEATANFERE

R IEER -ARERTEEMICHAYAGRAL—RGERIKT, EREL—EEM,
GBZE) Fl I RYLREFA TRIAICLER T HENH D,
"TAICHINYLRAMELGLTHERETHIENER
ek BEREDOERICHLIRRRHOIVFTERDEEY,
(iﬁ;;") HRVERDBEPLEMREET S E1H 5,
+153) -HBALESICE. TROKRAISFRAGLM,ARE. MtAHY .

MRt DR ERETT .

2200000

2150000

2100000

2050000

750000 800000 850000
L

750000 800000 850000

2000 o 00

2000
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BEMEIVI-REVEERFEEZX

2150000

- 2100000

2050000

NTARER/ TG HF BRI 2T FER (SOEST)

IC&3BEMBTO2ILT—2%ER
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AESAREN 4. ELSMNIERT SHEROFHE

4.1 NITAHEDBEMY Y GBEM A HIH

F42EBEEE
BH3-4-2 HiE

« BEMBHZEOER. [Aika-2 (HEISBEMT Y LHISN O GBEE. REYHEEER) ABHonl=(ER),
« FEMITANYBZFERLORIMUNASEEZELZEORL. 1y NYRRANMGEETLEZ (B,
c ExtBERRAMBEDEN T NYRR(LE)ZEHLUER, I YRR (L F) [$F9105km3ExE o1,

750000 800000 Sspon0 750000 800000 850000

2200000 2200000
2150000 - 2150000 2150000 2150000
2100000 ’ 2100000 2100000 ; 2100000
2050000 2050000 2050000 2050000

750000 800000 850000 750000 00000 o

T Taevation B L mmms oo e g o g (S
(_/ﬂ prp— elevation @_iﬂﬁ’ AemA'  BRE{E
[ Alika=2 | DBIEHLT XY $IHE R (BUR ) i
A a:
50 60 70 80 20 100 110
‘ ' - 3000 B E R (H:V=1:2.5)
~ 2000
[
: : : : = — T RYEHR (BT )
— | e EAERMMERSE (R
: S=a Fee— —| 5000 - BT
= = = = = - —6000
5|o 5:3 70 80 90 100 11In (km)
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WRESRAEH 4 HELUSMIERY DFEOFME

4.1 NITAHEDBERT Y GHEFER)

[Alika=2 |DBEMT NYIZELHERDBMMADEELTHERTHEFBMIC. T RYFENSERKGAEHTETHIEERET LI,
Papadopoulos and Kortekaas (2003) [L20tH#ZLARZICREL-HR DT RYERDT—2EF 0L T RUBRD AR EICHITHERD
SR EREAFRNHDHELTUIVS, COBRRTIE., T RUEBEDO I EBUEIZLEBIL TERKCEINAKELLES,
Ma et al.(1999) &Y. 19755 Kalapana;Z KD g RYFKFEZEZ2.5km3EL. ZDHFTRYICLDARBFICHE TR BKAERBEFERA LSRG
DIRKETHAH55cm (BEHEE)) LRET S,
+ Papadopoulos and Kortekaas (2003) [C&k5ith T NYKFEEZBRKGDBEFZRDA . BARBFETERILTEHEMEITNIEL. TAlka—2] DESEHT N
Y (g RYEFERI105kmS) MNDATHRELIZIGE . BRDFEICEITHKELIIISmIEELHEINSD,

F42EBEEE
BHl3-4-2 HiE

s WIRYT1DAEEEZVI. BRAFICBITHEEKEEZNET D,
e RY20FEEZV2. BRDFITEITHEREKAZEN2ET D,
*  Papadopoulos and Kortekaas (2003) DEE{RIZLY.
h2 =a-log(V2) +b
h1 =a-log(V1) +b
mXDEZEENIL,
h2 —h1 =a (log(V2) —log(V1))
FoT.
h2 =h1 +a *log(V2/V1)
L o L1id,
r tzrmit Nice .« VE, FAF1%1975%Kalapanai2il . A F2EBEERICHIG
0 : e . ; . . IEBHE KOI=WDKEN2(ZLUTDELSIZH D,

max h (m)

log(vol) 1975 FDEARFRIZEITHERKEL hi 0.55m

Papadopoulos and Kortekaas (2003) [Z/n&
g RYEKFE (M) ERFITHEITHER DS KAOBEER

KRR IIBBBREERALULTMEL=LD, s . -
PNG (1998/8F 7 =1 —X =7) R Ulzmit(1999h/L.0) (XK FEiEH BEZROMT VAR V2 1051Kms

[C&KBEE~NDEHEENE 0
FHRBADFESHEFND BEEEOBARRCEHBZEKE h2 3.8m

Papadopoulos and Kortekaas (2003) [ZZ D¢ 2
teIESR a

1975F D3 RYIKTE VI 2.5km3

« UEDN NDAHERDDBEMT NYISERY S KEDEMADZET /NS,
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MRSRAEN 4 HELUSMIERT KO

4.2 BEXU(TFARYEN) BE)

F42EBEEE
BHl3-4-2 HiE

© UTISRI 70200 BUBA~ZEZRITTAREDHLHBEXIUICOVWTHREEZRRL. FRICILFMADZEDREEITo1=.

XA
BARBENEBRMIYLHPEVLED . BEXILUICEYT HEHREINE

BXREEAVNOAREEITL—,E(FTH424—354X)BE NI
(TFRRYR) BFEET S (FF(2007a)) o

A 4

2R QR RN QR
BEKLDHEERER T 2RO ERE

[ FFRRIMEET R RO RN TEIND, ]

BBIZH 1 BRBKRE

\ 4

[ TramorcERT RO~ OBRE A, ]
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MESARN 4. tELSHER T HEK O

42 BRERKIL(TFRARYS) (XEHFAE)

F42EBEEE
BH3-4-2 HiE

« BRBEOBBEHMIVLFEVDLED . BEXLUISONT, XEAREREL=.

« BEKXUCETIXBMAEEIToLHER. BHEDIZEN T, KIURRICIHELIZRD KT,

« BAIER- TFEF(2007) (F, ZEEHTIRRAREAKFEETL—CBETL—F) LETINF TN TVSKIEEREFELGSD. FHILLW AT O XL (TF
ARYM) DFEEERLTVS,

w2l o O, %, ATFRRYDFERESNIIGFH

@ :Site ADTFRRYINFELI=EH DN D EEH
% :Site BOTFRARYAEELF-EAH DN DERH

? : Site B, COTFRARYIHEBILI-EFEATEA
<j:| KREZETL—FDEBHR

&

BARMEDFMNLUD S -10000 -8000 -6000 4000 2000 0
@ :;EXIL Bathymetry (m)
(REFr#R(2013)) FFRBYRDE
(FF74th (2010))
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HESARN 4. ELSMNIERT SHEROFE

4.2 BEXL(TFARYL) FFHERTERFELEDORRELDRE)

F42EBEEE

EH3-4-2 Big

+ $7(2007a,2007b,2011) . FEf4th (2010) . /R (2007) . BTEHh (2007) EFE(Z, TF ARV D HBEFLEDOT-.
s ERREAEBEREGANUIREDIS, BEITEREANNRELTLAIENS, BRBX(CHESZEREREDATEMELADH D,
o FOT BFEXNICHEIZEOBMMADZELXERT S,

IHH EEZE

P RALE T 3—oA X ORA (ZREFDKFEFETL—FL)

K 5,000~ 6,000m

RE 1~2km

2= #100m

1535 Tkm3 2 ELLTF

2N M8t IR

Kz Bl (1E@QE X TR S K1)

KILE BN A A @ iE A 5600km

EEILSEE 575 4 ~ 85075 £ Bl

EiR ERMIUMLER(RIRET /AT THOBRICH>THERICEAHT)

=E V2 VEN %=
B S

REIORE o ) 1 BEEE = LK
-EL(FEAL-AE
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HESARN 4. ELSMNIERT SHEROFE

4.2 BEMU(TFARYEN) FFE)

. EE7(20072,2007b) EIz LN (L. TFRIARYRKILOBEIZOLWTLUTO BAEERLTINS,
v FFRRyRKILIL. KEH6.000m. EBEEADDSSIXE100m. BEEIL1~2kmEWNSIINSHENILTH S,
v ABEHATETL—h L THONBEERBHDELE (100—120 Ma) . HEHIE ERDBIALNGE (70 —80 Ma) (T~ . TFRAy kil
[FHTSMIRBA NS Tm BB T TH .
v &KLEBEERALLL CERERBSE TS,

F42EBEEE
BH3-4-2 HiE

(m)

10
— seamounts
-5900 - 100-120 Ma
g circular knolls ,(——A—j\
3 : (70— 80 Ma)
2 petit-spots —_——— g
5950 @ (< 10Ma) x5
— P, L[ ]
@ g -
E o1 8]
-6000 = *M. a
k4
= s}‘qg o
fn w X%
& 001 ¥ 8F
6050 = ,{‘g‘ 2w
b © tye %
o
e
@ 0.001
R < 0.0001 0.001 0.01 0.1 1 10 100 1000 10000
H4 LHEHSHDHZ2D20TFRRY FALOREBE. LEORBRE, WFNERE | km, HE 100 ~200 m BETH 3.
BEMCIZIERERVLEERERETY LD TZOFENRASHERDIAEESTHD. REREEZRI TV REIL Vclume ikmﬁ:]
AHREEF 1.85km [C10Y. B2 OMEHLH 1100 km THIOCHL, COROWEBR /= o7 T4 km (OBELBWVW T & (TER.
S F 2 oA b ke L1 O B EAEIBAREETL—FLETHONSNLUDBEBEYORIBE(RIIEHE) LS
7 \\\ /7 A
(%% (2007b) ) (Hirano et al.(2008) [ZH0%)
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HESARN 4. ELSMNIERT SHEROFE

F42EBEEE
BH3-4-2 HiE

4.2 BEMU(TFARYEN) FFE)

+ Machida et al.(2015) [C& (X, A-ArER D HTICKYHEL-TFRARYCKILOERERIILUTDOESYTHS,
v SiteA : 1.76+0.58, 4.23+0.19, 5.95+0.31, 6.51+0.17, 8.53+0.18Ma
v SiteB : 0.05-1 Ma
v’ SiteC : 3.77%0.15, <9.2 Ma
o FEFh(2007) IZENIE, TFRRYMMILIESFERT~850 7 FRTDEAR [CHEBDER MU B R IZE L LIZELTLNS,
o FEith(2010) (&N I, Site AOBERB KILEITTL—FDES A RIZAD1=600kmZE B A ARVEREICHA T, MIZLE-KUFNEFNLAKIE
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