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the tsunami model of Aida [1977] and the region of strong inundation on the Iwate coast indicated by

Hatori [1974]. The convergence velocity of the Pacific Plate is indicated by a yellow arrow. The magenta
region highlights the SLSR on the megathrust. The SLSR is largely aseismic, but does have modest-size
patches of seismogenic regions downdip, including the off-Kamaishi repeater zone. The shallower portion
of the SLSR is almost devoid of moderate-size thrust events, but seismic activity is high in the 1896 rupture
zone region further updip.

Figure 1. (a) Seismicity from the NEIC catalog around Japan from 1973 to 2011 prior to the 11 March
2011 Tohoku-Oki earthquake with mj; = 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. 4. Schematic figure showing the distribution of the hierarchical

Fig. 1. Hypocenters of mainshock and aftershocks in a 24-hour pe- structured asperities at Tohoku. The circles show asperities that have

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 er
al., 2009). Thick pink line shows the western limit of interplate earth-

lines denote the down-dip limit of interplate earthquakes (Igarashi er
al., 2001; Uchida et @l., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida er al.,
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-

internal structures. The arrows indicate aseismic slip. The dashed bold
line shows the NE limit of the Philippine Sea plate and the dashed thin
line shows the down-dip limit of the interplate earthquake. The area
between the down-dip limit and the Japan trench has both seismic and
aseismic slip.

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-
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symbols are the same as in Fig. 1. Note the northeastward increase in the gap between slab seismicity and the trench as well as the paucity of seismicity deeper than 50 km along the that selsmicity _fI'OITl all ‘dep[ hs I_S shown and trans_&_:ts are athEd pja_rallel with pr_e§ent‘
northeastern edge of the slab. day plate motions. DF—Denali fault; TR—Transition fault; see Fig. 1 for additional
FSAAEEZBITHREREI0kmUEDRS THEDTEE S # abbreviations. Default depths of 10 km and 33 km are assigned for events with poorly

constrained depths in oceanic and continental areas, respectively.
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Figure 1. Tectonic setting in south-central Alaska (USA) with volcanoes
(red triangles), Wadati-Benioff zone seismicity >30 km depth (black
dots), A.D. 1964 rupture patch (Plafker et al., 1994a), subducted Yakutat
terrane (Eberhart-Phillips et al., 2006), Wrangell volcanic field (WVF),
and observed tectonic tremor activity (green circles). Dashed box
refers to map in Figure 2. Velocity vectors are taken from Elliott et al.
(2010). Previously proposed slab tear (Fuis et al., 2008) and Wrangell
slab (Stephens et al., 1984) are drawn as a light blue triangle and
dashed purple lines, respectively.
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Figure 4. Schematic along-strike cross section of potential configura-
tion of Pacific plate, Yakutat terrane, North America plate, and Wrangell
slab. Intraslab seismicity is limited to Pacific plate. Tremor occurs at the
Yakutat-North America interface. Wrangell slab is an obliquely subduct-
ing extension of the Yakutat microplate causing Wrangell volcanism.
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Figure 3. Summary of co-
seismic land motion, in-
ferred segment ruptures,
and selected features of
subducting lower-plate

relief that may influence

earthquake rupture on Ko- g Shuyak Is.

diak lIsland, Alaska (von P
Huene et al., 2012). A: A.D. saalamompr |24
1964 (observations from h‘-m.lem Bay ||
Plafker, 1969). B: A.D. & %r Middio Bay |
1788. C: A.D. 1440-1620. . Kalsin Bay
Relative ground motions !

are inferred from sedi- St

ment stratigraphy and Loge 77"‘“5""5 Bay
microfossil analyses %7

where present (see Fig.
2B) and from Sitkinak Is- Sitkinak
land (Briggs et al., 2014).
Extent of Kodiak
(solid outline) is from
von Huene et al. (2012);
dashed line for the 1788
Dashed lines enclose aftershock areas of the 1938, 1946, and 1964 great earthqual rupture indicates alterna-
Prince William and Kodiak ruptures are separated to emphasize the two main asperities of 'B“’e lnterpre:atlon (Evg-i
the 1964 event. The width of the Kodiak margin from the trench to the voleanic arc narrows hirslgc?:cslt daot; u":;:')afy
southwest from the Kenai Peninsula to one-third this width at Sanak Island. The wider sub- evidence.

ducted plate is ~10 m.y. old beneath the northeastern volcanoes, 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 seismic lines and original cruise line numbers. Seismic data of lines 1237 and 1235

2&-
-

Figure 1. Map of the western Gulf of Alaska ocean basin and the Alaska convergent margin.

—_———
were acquired by RV Ewing; seismic data of lines 111, 71, and 63 were acquired by RV Lee. '—_E.;,,_-Ap Fracture
Field data for both is archived at the US Geological Survey in Menlo Park, California, USA. & gy

M Is—Middleton Island: K SMT—Kodiak Seamount; C Is—Chirikof Island: T Is—Trinity
Islands: SEM Is—Semidi Island: SHU Is—Shumagin Islands: S Is—Sanak Island; AMT— .’ Subskdence ﬁ Uplift
Amatuli Trough; AB—Albatross Bank: PZ—gencral arca of the Pamplona zone. W ~Zeo Not dated
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Figure 2. Waveform comparison and slip distribution map. Left: Comparison of synthetic waveforms (red) with
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Fig. 1. Changes in sea-floor elevation between bathymetric data before and after the 2011 Tohoku-Oki 8000 /Re(}m PN ol V"’““ ]
earthquake. (A) Location map with bathymetric survey track shown as yellow line. Coseismic horizontal ’p\a\eao(ﬂz‘ 10km
displacement is estimated over the landward slope indicated by solid portion of yellow line. Cross shows 10000 : :
the epicenter. (B) Multibeam bathymetry collected in 2011. Red triangles mark the trench axis; the blue VE=5 143°30 144°00' 144°30
triangle marks the landward slope break. Change in sea-floor elevation by subtracting the 1999 Longitude
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. Fig. S1.
EE] Eﬁ[% (FU_] iwara et al. (201 1 ) (54) ) 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

Bi ﬁl] ﬁil.ﬁ & Ufﬁ 1ﬂl] f\il.ﬁ D i—ﬂj% E#O) gﬁz and 1999 data, respectively. Red and blue contours show standard deviations of the

landward slope and the seaward slopes, respectively. Crosses indicate the minimum

Table S1. peaks of the standard deviations. Arrows show vectors of horizontal shifts from landward
Estimated coseismic displacements caused by the 11 March 2011 Tohoku-Oki to seaward. (D) Schematic cross-section showing coseismic displacement. A sum of a
Earthquake in the outermost landward slope area, off Miyagi in the Tohoku district. 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
Landward Slope sesi:"’;‘e’d (not to scale). (E) Bathymetric cross section at the trench. Red and black indicate 2011
S;;Zrcsy Horizontal Displacement | Seafloor Vertical | Additional |  Scafloor and 1999 data
Distance Direction E(];iv;tllo)n Displacement Uplift Elevation iﬂ% H%w&{ﬁ 0) *E& Hﬁ l*fi‘ﬁ ( : ( D ) )
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2011-2004 50 m 117°  [+11m(0=8.53)| t7m(c=7.22) | +4m | =0m(c=8.42)
2004-1999 20 m 235 |£0m(0=744) | -1 m(c=726)| -1m |[=0m(c=8.17)

Fujiwara et al. (2011) G |Z—#Rin%E
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