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Fig. 1. Bathymetric map showing the locartions of ocean bottom seismographs (OBSs)
used in this study and rotal slip distribution larger than 10 m of the 2011 Tohoku-
Oki earthquake (Yagi and Fukahata, 2011). The star is the initial rupture location
of the Tohoku-Oki earthquake (Chu et al, 2011). The open diamonds and the open
squares are the location of shor-period OBS (SPOBS) and broad-band OBS (BBOBS),
respectively, used in this work. The BBOBS with uncorrected clock is indicated by
the solid square. The red dashed rectangle indicates the grid-search area for the
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hypocenter locations. The red solid line is the survey line for the crustal structure Fig. 2. Hypocenters and error ellipsoids of ﬂ_'lc carthquakes. Earthquakes \'_filhi“ the
(it et al, 2005; Kodaira et al, 2012} and the differential topography (Fujiwara et red dotted rectangle on the map were projected onto the P-wave velocity model
al, 2011). The domed line indicates the axis of the Japan Trench. used for locating earthquakes (l1o et al. 2005). The top of the oceanic crust is indi-

cated by the dotted line on the cross section. Symbols are the same as Fig. 1,
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agnitude o Y — | sl b d e L b s : S W : 5 \
b S R D T G0 139 140 141 142 143 144 145 146 extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southem extent of
the tsunami model of Aida [1977] and the region of strong inundation on the Iwate coast indicated by
Figure 1. (a) Seismicity from the NEIC catalog around Japan from 1973 to 2011 prior to the 11 March Hatori [1974]. The convergence velocity of the Pacific Plate is indicated by a yellow arrow. The magenta

2011 Tohoku-Oki earthquake with m, = 5.5. Hypocentral depths are indicated by the color scale,
and symbol size increases with seismic magnitude. The magenta rectangular region indicates the SLSR.
The black rectangle indicates the zoomed-in region in Figure 1b. (b) Map showing the location of the
Sanriku low-seismicity region (SLSR), and schematic rupture zone of historic large earthquakes along
the northeast Honshu coast [ERC, 1998] with blue dotted ellipsoidal shapes and a gray dotted shape for
the 1896 tsunami earthquake source area [ Tanioka and Satake, 1996] updip of the SLSR, respectively. Slip
contours of 1, 10, 20, 30, 40, and 50 m for 2011 Tohoku-Oki rupture model of Yue and Lay [2011] are
shown along with a red star for the USGS/NEIC epicentral location. The darkly dotted ellipse indicates
the approximate location of the 896 Jogan tsunami source region [Minoura et al., 2001]. The dashed curve
indicates the position of the trench.
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Fig. 1. Hypocenters of mainshock and aftershocks in a 24-hour pe-
riod for the 2011 Tohoku earthquake (black circles) and aftershock ar-
eas for M = 7 earthquakes since 1926 (green lines, Uchida et al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida e/
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi er al. (2001) and Uchida et al. (2009).
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Fig. 2. Interplate coupling coefficient estimated from small repeating
earthquakes for the period from 1993 to March 2007 (color). Distri-
bution of small repeating earthquakes (black dots) and coseismic slip
area (contours, linuma et af. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (Igarashi er
al., 2001 Uchida er al., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida er af.,
2009). The averaged coupling coefficient is estimated for every 0.3 de-
gree by 0.3 degree windows that have three or smaller repeating earth-
quake groups. The red star indicates the hypocenter of the 2011 Tohoku
earthquake. Stars marked by M. F and A indicate the hypocenter of the
2005 Miyagi-oki earthquake (M 7.2), the M 7.3 earthquake on March
9, 2011 and the largest aftershock on March 11, 2011 (M 7.7), respec-
tively.
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Figure 4. Cartoon illustrating the segmentation of the
2004-2005 megathrust rupture in the Sumatra subduction
zone around Simeulue [sland. The accretionary complex
removed for simplicity. CRZ: coseismic rupture zone; SP:
Sunda plate. Other labels same as in Figures 2 and 3.

20044 £ 2005FE DB DIFREICE TS
THEEDRKR

o 40 BOD 120 160

Depth (km)

Dapth (km)

200 Tang et al. (2013) ©2

Tang et al. (2013) 62

Figure 3. Velocity cross-sections extracted from the velocity model inverted from the first-arrival travel-time tomography
{contoured at 4, 6, 7, and 8km/s). Relocated earthquake locations are plotted within +10km of Line 14 and +5 km of Line
5-6. Thick black lines: top of the backstop; Solid white lines: the TOC constrained by the MCS data; Dashed white lines:
unconstrained TOC; Dashed purple lines: possible oceanic Moho interface approximated by the 7.6 km/s velocity contours;
Thin red lines: intersection location of velocity cross-sections; ‘sim. is.” = Simeulue Island, $B = segment boundary. Other
symbols and labels same as in Figure 2.
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Figure 1. Map of the western Gulf of Alaska ocean basin and the Alaska convergent margin,
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Prince William and Kodiak ruptures are separated to emphasize the two main asperities of
the 1964 event. The width of the Kodiak margin from the trench to the volcanic are narrows
southwest from the Kenai Peninsula to one-third this width at Sanak Island. The wider sub-
ducted plate is ~10 m.y. old beneath the northeastern voleanoes, whereas in the southwest
it is only ~3.5 m.y. old. Large arrow indicates convergence vector at 64 mm/yr. S prefix is
given to scismic lines and original cruise line numbers. Seismic data of lines 1237 and 1235
were acquired by RV Ewing: scismic data of lines 111, 71, and 63 were acquired by RV Lee.
Field data for both is archived at the US Geological Survey in Menlo Park, California, USA.
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Figure 2. Waveform comparison and slip distribution map. Left: Comparison of synthetic waveforms (red) with
the observation data (black); Right: Slip distribution inferred from the long-period seismic waves (<0.1Hz).
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Fig. 1. Changes in sea-floor elevation between bathymetric data before and after the 2011 Tohoku-Oki
earthquake. (A) Location map with bathymetric survey track shown as yellow line. Coseismic horizontal
displacement is estimated over the landward slope indicated by solid portion of yellow line. Cross shows
the epicenter. (B) Multibeam bathymetry collected in 2011. Red triangles mark the trench axis; the blue
triangle marks the landward slope break. Change in sea-floor elevation by subtracting the 1999
bathymetric data from the 2011 data (C), the 2004 data from the 2011 data (D), and the 1999 data from
the 2004 data (E). The yellow star marks location of probable submarine landslide.
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Table S1.

Estimated coseismic displacements caused by the 11 March 2011 Tohoku-Oki
Earthquake in the outermost landward slope area, off Miyagi in the Tohoku district.

Landward Slope Scayard
Slope
Survey i 1 Di Seafloor
Years Horizontal Displacement Elovati Vertical Additional Seafloor
evation ispl. lift Elcvati
Distance Direction (Fig. 1) Displacement Uplift cvation
2011-1999 56 m 113° +16 m (6=9.35)§+10 m (6=7.50) +6 m +0 m (0=5.32)
2011-2004 50 m 117° +11 m (6=8.53)f +7 m (6=7.22) +4 m +0 m (6=8.42)
2004-1999 20m 235° +0 m (6=7.44) | +1 m (0=7.26) -lm +0 m (0=8.17)
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Fig. S1.

Contour maps showing standard deviations (~variances) of depth differences between
different surveys for given shifted locations. (A) Comparison between 1999 and 2011
data, (B) comparison between 2004 and 2011 data, and (C) comparison between 2004
and 1999 data, respectively. Red and blue contours show standard deviations of the
landward slope and the seaward slopes, respectively. Crosses indicate the minimum
peaks of the standard deviations. Arrows show vectors of horizontal shifts from landward
to seaward. (D) Schematic cross-section showing coseismic displacement. A sum of a
vertical displacement and an additional uplift for a sloping seafloor correspond the
observed seafloor elevation changes shown in Fig. 1. The inset is for illustrative purposes
(not to scale). (E) Bathymetric cross section at the trench. Red and black indicate 2011

and 1999 data.
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Table 4
Variance Reductions (%) for Three Difterent Inversions with
Different Rupture Velocities and Rise Times

Satellite Altimeter
Tide Gauge Data Data TG+ SA Data

v,

r

(kmfsec) 1min 2min 3min 1min 2min 3 min |1 min 2 min 3 min

05 231 208 188 278 295 310 |220 201 183
10 328 334 342 338 364 382|208 310 [32]]
15 293 295 298 31.1 338 355|268 273 278
20 302 299 297 207 323 342|272 273 274
25 284 282 283 284 306 329|250 252 256
30 285 284 285 274 207 319 |249 252 256

200dFLR T RS ~T AR UHRMEBEDERRA VN—2 a3 UHER
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if

BIRBASE =

(RERBEETIL
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31.19
15.59
71.80
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TRYE
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31.19
15.59
1.80
3.90
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HHNSA—2REITAHER—E

L+ S _ _
aqg| TARITA | AR | MIklsis | Wik | BOUKE | BAKE
DEE RA L EE Eprey=t tHs TEE
a 3.22m —3.13m
b 3.38m —2.10m
1. 0km/s c 3. 36m —2.32m
d 3. 11m —2.22m
e 2.98m —2.69m
% a 3. 46m 3. 03m
s si% 2 okny b 3.63m —2.31m
'JE FAA 60s .Okm/s g 3.63m :2. 56m
t 10km 3.69m 2.39m
}71: e 3.53m —2.70m
® a 3. 47m —2.99m
b 3.57m —2.40m
2. 5km/s c 3. 60m —2.61m
d 3.67m —2.47m
e 3. 54m —2.72m
0 - 3.59m —2.82m

BN

g | TARUTA | 74X |WiRfEE| Wik | BAUKA | AKX
DELE EEEN EE ESprg=t tR= TEE
a 2.97m —3.00m
b 3.61m —2.26m
1. 0km/s c 3.22m —2.45m
d 3. 28m —2. 35m
e 3.03m —2.78m
% a 3. 36m —3.11m
—E 1 2 o b 3.50m | —2.60m
K . Okm/s c 3.61m —2. 74m
IJ:E Az~ | 60s d 3.63m | —267m
I e 3.53m —2.81m
® a 3. 41m —3.11m
b 3. 46m —2.67m
2. 5km/s c 3.59m —2.79m
d 3.61m —2.73m
e 3. 54m —2.83m
- 3. 55m —2.94m
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KEL EFBI R VKL TEAIORETS—ANEDLLLENCEFERTHEEZENELT, EEFRRETILO~ODERE/NS
A—BRATAIZHBITIRRKMELBRT—RARUVRKKE TETS—RADEr—RERRICEHEM/ATA—FRIT1EER LT,
s ZTORR, BN A—FRITAIZEFTEIRRKELETY—ARVERRKHETRETS—RELBDHRBEETILOHER
%tﬁﬁﬁa»ﬂwwﬁ%§£mbtﬁiLtﬁ%#—xtk@ﬁf&ibtﬁi#—xt@ﬁuv%%:aﬁﬁﬁf%ti/

N\
ZREPMASIEERDO T L— FEHEIZHE S FIRBEHER
— St — Bz EB 145 BKARY ) —VERIEICET S
Sl NSRS Aokl t S E Aokl TR
BRR/SSA—R RE T4 2. 55m —2.15m
B REE T ILDX
HHINSA—BRAT 4 2.82m —2.33m
BRE/SSA—R RE T4 3. 62m —3.04m
HEFEETILO
HMINTA—ERET 1 3.62m —3.04m
BRE/SSA—R RE T4 3.5Tm —3.49m
BEAEFEETILR
HMINTA—ERET 1 3.57m —3.53m
BRE/SSA—F RE T4 3.5Tm —3.47m
HEAEFEETILG
HMNSA—FRE T4 3.5Tm —3.47m
BHE/SSA—R X2 T4 3. 47m —3.03m
HEFEETILG
HMNSA—ERE T4 3. 47m —3.03m
BRR/SSA—R X2 T4 3.59m —2.94m
HEFRETILG®
HMNSA—FRE T4 3. 69m —3.11m
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