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Fig. 1 Locations of the Hasunuma site and the surveyed Iransects. (a) Index map of eastem Japan showing the position of the Hasunuma site-and the
epicenter of the 2011 Tohoku-oki earthquake (star). (b) Aerial view of the Hasunuma site showing the major geomarphic features, topographic survey lines
(dashed lines), and the locations of the views shown in panels c—e (rectangles), and of the photographs shown in Fig, 3 (arrowheads). (c) Survay locations
along transect A. Peel samples were acquired at locations marked by filled circles. (d) Survey locations along transect B. (e) Survey locations along
transact C. Aerial photos in panels b are from the Geospatial Information Authority of Japan (CKT-2011-4-C27-1, 2, 3) and were taken in February 2012,

<G=UhZTh

Transect A

LEGEND

Paraill lamination [S55] Gravel
Wavy lamination Mud clast

Transect B

Shell fragment

[
Plant fragment |:| Organic soil

S: Sand G: Gravel

—— Top & bottom boundary
Probable internal unit boundary
Possible internal unit boundary

M: Mud

Transect C
c1o c9

300 250 200 150
Distance from coastline (m)

Fig. 8 Columnar profiles of the tsunami deposit at locations along iransects A-C. Solid connecting lines show the base of the tsunami deposit. Internal
unit boundaries are shown by dashed lines (probable) or dotted lines (uncertain).
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bution at six different times (right). Blue/white (0309), red/white (MS), and  teorological Agency. Smaller red circles are the mainshock (star) and aftershocks;

orange/white circles (0312 and 0314) show focal mechanisms of the foreshock  smaller blue circles are the largest foreshock (star) and foreshocks. The fault plane

on 9 March (M, 7.3), the mainshock, and two aftershocks with opposite mech-  is 440 by 220 km. A blue curve in the inset shows the global-moment rate function,

anism on 12 March (M, 6.5) and 14 March (M, 6.1), connected to their  which is the moment rate observed in the far-field perpendicular to the fault.
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Figure 7.  Slip distribution estimated by inversion of tide gauge (TG) data. Rupture ve-
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Table 4
Variance Reductions (%) for Three Different Inversions with
Different Rupture Velocities and Rise Times

Satellite Altimeter
Tide Gauge Data Data TG +5A Data

V

r
(kmfsec) Imin 2min 3min | min 2min 3min | I min 2 min 3 min

0.5 23.1 208 188 278 295 310|220 201 183
1.0 32.8 334 342 338 364 382 |29.8 310
1.5 293 295 298 311 338 355|268 273 278
2.0 302 299 297 207 323 342 | 272 273 274

25 2 282 283 284 30.6 329|250 252 256
3.0 5 284 285 274 297 319|249 252 258
( Fujii and Satake (2007) 0% )
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4.1 NITAFHEDEEMT Y (SCEREAE : 19755 Kalapanai® K (BE{EEK) )

EIEEELE
EH1—2 HiE

. 1975¢l_/\'7«r%ﬁ1—0) Kalapana f1iEIZHEMNFECY, BRDFRH TEEHNEAINT-(FIE (1976)),

. E D1 [XNettles and Ekstrom (2004) DCMTEEIZENIEMWT.TTH S,

. 312%(1976)1_;11!1 BARARIZBTARBEEEHRORANERIBORKIEIL, BWELL)IIZHITH55cmTHoT-, KPR BILIZHITEIRKENR
®(£24cmTHozERSNTINS,

e Day et al. (2005) IZ&NIX, NTABFETHRARISMPBOEEHNE RSN,

Initial wave Maximum wave -
n Diege ury iy OTVE
No. | Tide station N B Location Observed
Axrival Arrival Double Oceurred
time. GMr| Rise |Period | Arrival | gise | ampl. | time, GMT (m)
Nov. 30 cm min Nov. 30 S
1 | Hanasaki 8:48 5 8 756 10 P 1\11%.". 52 Honokahau (W) 2l
2 Kushiro ? 12 13:08 e 7
3 | Hiroo 7142 15 12 2 10: 06 Kailua (W) e
4 | Urskawa 9:00 | —6 15 7:42 3 12 12:11 Kahaluu (W) 1.8
5 | Hakodat 9 : . -
odate . 17 1830 ig. 7. Distribution of the maximum double amplitude (unit: em) and wave rays Keauhou (W) 24
6 Same 8:56 2 10 7:55 2 5 11:15 : . .. . . les of 30 d
i which are emitted from the origin subdivided into equal angles o egrees. :
7 | Miyako 8:50 | —8 8 7:35 6 14 9:48 _ . Napoopoo (W) 24
8 Enoshima 8:46 —4 10 qq'%(1976) I‘;é;&rﬁlﬁi H 5 W 1.8
o | Avakava | 9500 | 6 | 8 | Tiwt | 4 | w5 | 10:4 MCREIREI=H KL B AR EERELL, 15 SRR 0 -
12 S{n:::;ma 2:;2 4 21 9:20 T L DEE AL AL Milolii (W) <1.8
itachi : 5 16 24 10: 14 N : ;
12 | Mera 8:28 5 16 722 4 19 11:22 202 - - L - . . ! South Point (W) 6.7
13 | Miyake Is. g8:92 4 7 24 10:15 Kaalualu (S) 4.0
14 | Chichijima 6:53 ] 18 18 10:18 20 4 .
16 | Minami-Tzu 7:20 3 20 11:46 Honuapo (5) 6.1
16 | Omaezaki 7:33 4 10 14 13150 1.5 - Punaluu (S) 6.1
17 | Owase 9:14 8 22 7:40 2 22 10: 00 Honakahau e
V. . shie (O Q
18 | Kushimoto 10: 00 7| 12 22 17:00 19564 b L Kalue (5) )4
19 | Muroto 8150 3 8 1 11:50 oo Crpe ety Halape (S) 7.0
20 | Tosa-Shimizu | 8:00 8 | 2 23 16:23 1944 koma Cosst. "HENBNE s - e
21 | Aburatsn 2 18 151 52 " Kaiapara Apua Point (S) 4.6
. . Kaltie' Keauhou Landi -
22 | Naha 8:35 3 | 18 L 13 16: 43 1924 e P o - Kamoamoa (S) 6.4
a Punal
A: Evident wave commences. B: Wave front is indefinite. Wave front is determined with el HD:J‘:P:‘J i Kala pana (S) 2.6
the aid of the refraction diagram. + Kaalualu i
South Point Pohoiki (S) 2.4
qq%(1976) ' J:%)Ejgl ro)*ﬁlﬁﬂnafi 182 i C‘ipe Kumuk,__lhi {Q’) q 4
[ < . g
Loy Hilo (E) 3.0
.15‘5_2 -1’55 —15‘5 8 -15‘56 —15‘54 —15‘52 71I55 —15‘4 8 -15‘4.5 -1é44 -154.2
Day et al.(2005) [k B/\TARF QR R R UHE LS
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Figure 17. Schematic showing a rotational slumping that causes
subsidence and uplitt.
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41 NTAHEDBEERY Y KEAE R U R OEE) Rz

NTAHEDBEMTRY DV TXEAEEERL -,

* Moore et al. (1989) ICENIE, NTAEETHRAELZEBEMM T RYDEEFHNTRINATINS,

e McMurtry et al. (2004) ZF(ZENIL, NTAHEERDDBEMTARYDREEFELNTRINTIVD,

« FEHE (2007, 2010) [S&NIE, EEMZEDEM T—RIZEDENTAHEDR LB O M EITHNDS, NI(HETEEINTWSITOEKXEBE
g RYHBEBMOHT T, ERZREFESI-AEEELH LD, A7 T7EREDNuvanu g XY, /T EFEDAlika-2ith XY ZL TREED
HKa Laelth I RYDIDIZRESINSED REFRL TV,

LLEMS, BEIEFHMHLUBRICEL T RYDSE, BEREREFSF-AIEEEAHY, MENKEZUVAlika-21Z Ml RELTEELT -,

TABLE 1. Hawalian Submarine Shdes

Area. Length,”  Width,”
— No. Name Location km? km km Type© FA (Ma) X!
I B + |
\‘\ 1 North Kauai North Kauai 14.000 140 100 D (0.6-0.9) 50
'\‘ 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
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 Wailau North Molokai 13,0007 <195 40 D (0.7) 1.0+0.1
Ky 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 Pololu North Hawaii 3,500 130 20 D 0.254-0.306
10 South Kona West Mauna Loa 4,600 30 80 S 0.200-0.240
11 Alika-1 West Mauna Loa 2.300 88 15 D (0.9-1) >0.112-0.127
L2 Alika-2 West Mauna Loa 1,700 93 1> 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
By A 16 Papa’u South Hawaii 200 20 6 SF 0.001~0.005%2
—— ! Mol 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 Waianae and South Kilauea landshides omits indistinct irregular topography beyond
steep toe.
PWidth at head of landslide.
“D, Debris avalanche: (number) is average number of hummocks appearing in GLORIA images per
square kilometer: S, Slump: SF, sand rubble flow; L, three unclassifeid landslides.
N Ka:ai—wl«‘b

[ e mEHit L YL EC T <Y

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

. N S t-TlBE $

in text and Table 1; compare with Figure 1. Dotted area. hummocky ground (widely spaced where subdued); hachured . Ej(/i:&%{#?f_ =) ﬁb'E@&éiﬂ?”\ U
lines, scarps; thin. downslope-directed lines. submarine canyons and their subaerial counterparts; heavy dashed line,

axis of the Hawaiiun Deep: dash-dotted line. crest of the Hawaian Arch. D . EE LT_ i‘lﬂ?”*‘u

31 McMurtry et al. (2004)
32 Papa’u (No.16) DL [EMoore et al.(1989) O “several thousand years ago” EMD Rk [ZE DL,
%3 Loihi(No.17) DAL 1L Guillou et al.(1997) HiLoihi K ILR R E DX F M SR HF=5+4~102+13kalZE DL,

(Moore et al. (1989)[Z/NEE)
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o TAlika-2 | DBEMT RY[CKHERDEMADZEEHERTAHEXBMNIC, 3 RYBENSREKUEZHTET HEFEETLT-,

+ Papadopoulos and Kortekaas (2003) [X20tH#ZLIBGICHRELI-HR DT RYFZERDT—2E 0L, I RXYBDEKRBEARRIZE THEED
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v' SiteC : 3.77%0.15, <9.2 Ma
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o BHRENKICEIZREROBMADEZELZEDRTSEMNT, FEH(20072) FITRSNTWSTFRARYNDEHHEREZ, EZBKAEFHEL -,
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Id. Date Place My Length Width Bollom Dip slip Rigidity Reference
ded/mmvyyy km km km m Nm~?
a 03/021933 Sanriku 8.4 185 100 70 45 33 Kanamori (1971)
b 03/02/1933 sanriku 8.4 220 15 25 45 8 70101 Kirby et al. (2008)
c 30,/03/1965 Rat Island 7.2 50 80 60 50 1.2 70x10™ Abe [1972)
d 30/03/1965 Rat Island 7.2 50 40 30 50 6 50 10" Beck and Christensen (1991)
e 19/08/1977 Sunda 8.2 200 70 40 45 3 64> 10" Gusmarn et al. (2009)
f 19/08/1977 Sunda 8.2 200 25 29 45 9 40~10" Spence (1986), Lynnes and Lay (1988)
g 04/05/15950 Mariana 7.3 40 25 .Y 48 34 4010 Satake et al (1992)
h 04/05/1990 Mariana 7.3 70 40 40 48 1.5 40+10" Satake et al (1992)
i 04/05/1990 Mariana 7.3 7 40 48 - Yoshida et al (1992)
i 04/08,2001 Juan Fernandez Ridge 6.7 70 26 30 51 40+10" Fromm et al. (2006)
k 13/01,2007 Kuril 75 120 40 35 45 19 5.0« 10 Fujii and Satake (2008)
I 13/01,2007 Kuril 8.0 130 30 37 54 401010 Taniokaet al. (2008)

(Alvarez—Gomez et al.(2012) [ZH0EE)
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