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Fault models and their parameters of the 17th century great earthquake.
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Figure 15. Cut-away schematic characterization of the
megathrust frictional environment, related to domains A,
B, C and D defined in Figure 6. Regions of unstable fric-
tional sliding are dark regions labeled “seismic.” Regions
of aseismic stable or episodic sliding are white regions
labeled “aseismic.” Medium gray arcas are conditional sta-
bility regions, which displace aseismically except when
accelerated by failure of adjacent seismic patches. Domain
A is at shallow depth where sediments and pore fluids cause
very slow rupture expansion even if large displacements
occur in tsunami earthquakes. Domain B has large, relatively
uniform regions of stable sliding that can have large slip, but
generate modest amounts of short-period radiation upon fail-
ure. Domain C has patchy, smaller scale regions of stable
sliding surrounded by conditionally stable arcas. When these
arcas fail, coherent short-period radiation is produced.
Small, isolated patches may behave as repeaters when
quasi-static sliding of surrounding regions regularly load
them to failure. Domain D is dominated by ascismic sliding,
but many small unstable patches can rupture in seismic
tremor when slow slip events occur or when dynamically
loaded by tides or shaking from passing seismic waves.

=375 TU—MERDOHEER 5 R

J1thEROINYE
(MRS FFCHEE A D (2019) = — BB ANZE) (Lay et al.(2012))

X ORARAATEBILOGESEFIZDULNTIE, Kundu et al.(2012) [CEDEE0E,
V. Z5.6D25,

B Eitsn

\



1.

3 BHEEETILOERTE

1. 3. 8. 4 RELTRYNLELHEERSFE

F1027EEFELXH (R4.1.28)

BE1-1 p160 FHiB 159

1. 3. 3 LEOEREFHEZEELEFEEETILEELEETILQD)

M3 ETREGITRYZEL-ZR: EHEPIZHIT5INEDIE
Kozdon and Dunham(2013) (&, 311t ETIXTL—FER R TEIRYNAFRAEL-CLIZEBL, EEFEETEONE-EHE DD HE K EE
BEEZELEEARAATU—MERETILERAVWE2RTHMIES SaL— 3o s, [FIEADIENA/NSIVNFEETL—FEREZEHODIRYE
NEXTHERINHDHEL, STMETREGTRYNREL-EHEMZH T (PEEE : 3~4km/sLA T DFEEL) DIE(E, #FEEELE

L TIELN (Tsuru et al.(2002))

coastline fault

uppermost
mantle

100 km

upper crust-1
upper crust-2
—

uppermost
mantle

oceanic layer-1

Zskm}

P wave velocity (km/s)

5 6 7 8

(CRTEIHIESZ2L—2aVETIV)
(Kozdon and Dunham (2013))

a
(8) 4
E
E— 30
@ _
g TNk D1E
£ 20f
=
£
=
Y10t
0
(b) 50 horizontal seafloor displacement (m) r\ |
60" Tto etal. + Satoetal. ViR
40[|o Kido etal. © Ozawa etal.
20 —— - ,
0 L . L L e
(C) i vertical seafloor displacement (m) &
5 - el
: =(,AT/ —
-2

0 50 100 150 200
horizontal distance from coast (km)

Figure 11. (a) Influence of horizontal extent W of shallow
velocity-strengthening region on cumulative slip (plotted every
5 s). Shown for maximum effective normal stress Gy, = 40 MPa
and seismogenic depth D = 45 km. (b) Horizontal and (c) vertical
seafloor displacement compared with various observations (dashed
line). The color version of this figure is available only in the elec-
tronic edition.

BREY S L—2a vk B A IADIES
rETRYs, KF- L TECOBE R
(Kozdon and Dunham (2013) [Z— R /NEE)

400§

‘ N(;rtheast
Japan arc

W
rthern area

380y

Southern area 4-|-> Not

361

1400 1420 1440 1460

Legend
—— < 500m
w— 500 - 1000 m
== 1000 - 2000 m
I 2000 - 3000 m

Il >3000m
Figure 17. Map view of the low velocity sedimentary units observed on MCS sections in the Japan
Trench margin. Small dots represent background seismicity taken from JMA (Japan Meteorological

Agency) HypoCatalog.

BARBELNICHITH A (RREHEY) DR H
(Tsuru et al.(2002) [C—E&RANEE)

B mitEn



1027 BESK A (R4.1.28)
B1-1 pl61 HiB 160

1.3 BHEEETILOERE 1.38. 3 LEOERFMHZEZEEBLFELEETILHELEETILD)
1. 3. 8. 4 RELTRYNLELHEERSFE

W3 1IMETREGIRYZALER: BR BN OEBHMEIZE TS 5RO R K EE

- Liu and Zhao(2018) [&, BB ET ST4—DEERMND, SIMHMETRKELITARYNEELE-EHWEFICHEELCSEREENH I EEFTHEEL,
BRSNS R ES O BN H T A EENMMEDRELTRYIZIZEENAHDELTIND,

A schematic diagram for
the heterogeneous Tohoku forearc
(Lengths not to scale)

Okhotsk plate
Japan Trench

\4

N

Thicker sediments

Megathrust earthquake
(1968 My, 7.0)

EEER

Thinner sediments
Large coseismic slip

2011 My, 9.0

My 9.0

2011 My, 9.0
Fig. 4. V, graphy and ch istics of the 2011 Tohoku-oki earthquake. The colors in (A to C) show V,, tomography along the UBP obtained by this study. sledti
Black bold contour lines in (A) denote the back-slip rate (5). In (B), the yellow stars mark epicenters of very low frequency earthquakes (VLFEs) (24); the red rectangle B 38.1°N HF P-wave radiation (HUL eation)
denotes a slow slip event (22) preceding the 2011 Tohoku-oki earthquake; the black rectangles show locations of coseismic strong ground motions (39); the magenta 144 HF strong ground motions

contour line marks the site of coseismic high-frequency P-wave radiation with a relatively low seismic moment during the 2011 Tohoku-oki earthquake (40); and the

black short lines near the trench indicate seafloor traces of normal faults (34). The blue and red contour lines in (C) denote the coseismic slip (7) and the afterslip (43), 1
respectively. The other labeling is the same as that in Fig. 2. %%
PRIEESAESINMEDNDIARYENHFELORER Japan Trench
(Liu and Zhao (2018) [Z— &R /NZE)

- ; \ Thicker sediments
Very low frequency earthquake

Pacific slab HF P-wave radiation (VLFE)
HF strong ground motions
C 365N g

Tohoku megathrust

Longitude (°) Low-V High-V
Fig. 5. Vertical cross sections of V,, hy (left) and c ding cartoons (right). The east-west vertical cross sections are along the three profiles shown in

Fig. 1C. The normalized residual topography (blue line) and gravity (green line) along each profile are shown atop each cross section. The red and blue colors in (A to C) denote low
and high V;, perturbations, respectively, whose scale is shown beside (A). The white bold and dashed lines in (A) to (C) denote the UBP and the forearc Moho, respectively. The red
star denotes the mainshock hypocenter of the 2011 Tohoku-oki earthquake (M,, 9.0). The black and yellow stars indicate other megathrust earthquakes (M, 7.0 to 8.0) during 1917
02017 and the VLFEs (24) within a 40-km width of each profile, respectively. Note that the hypocenters of the VLFEs and the megathrust earthquakes are set on the UBP, because
their accurate focal depths are unclear for most of them. The reverse triangle denotes the Japan Trench axis. HF, high-frequency. In the right panels, the red, green, and blue lines
denote low-, normal-, and high-V, anomalies atop the subducting Pacific plate, respectively, according to the tomographic results of this study. The gray dashed line denotes the
forearc Moho.

TL— ERIZEBITEPREENTEZT DA A—
(Liu and Zhao (2018) IZ—EBINZE)

B mitEn



F1027EEFELXH (R4.1.28)
BE1-1 p162 Hig 161

1.3 BHEEETILOERE 1.38. 3 LEOERFMHZEZEEBLFELEETILHELEETILD)
1. 3. 8. 4 RELTRYNLELHEERSFE

H 3 ECHENELLE-ER: BERRICBITA2TIFM RN ERETRYDER
B#HOIENSTELRLITIE, BEROTL—FDTFIZT0IEVBTL—D, ESICTAICIIAREEFTL—MEHA AR, RIBENSTFEERFED
FEARICAN>TIAIEVBTL—FDILTIFEASKEETL—MIHELTLVS (Uchida et al.(2009)fh) ,

Uchida et al.(2009)(%, W EZ R NS KEETL—D EBAIZLTTL—FDEBWNZE>THYTIV T RN KRECRTREL, XEREE
(2008) (%, TL—FEREO LBAIOEBEFRNENTL—FEIEBIREIREEFRIZTELTLNS,
Shinohara et al.(2011) (X, 311 EDRESWICEATE0HMD, T4VEVBITL—FLRIFEDRE LI HEDHIEEHA—BHTHELTLNS,

36'30" 7

150° 140° 130°E

—> | PA-NA OARFHETN A 1A &

| thizHRTERY YT

Ao

—F | PA-PH OfERHEB S B &
EFRIZHETERY v T

5 b

36'00" -

NA: [ERIDTL—k PH-NA D48 B 55 1 &£
. ZThizsmTaay v 7 /
PA:KFETL— 5 bn 530 -
on 3 N U5E LIBER U v
PH: Z24JEYiBETL—F R
ERFWFEBROR Y
B3

T T T
0 1020304050
Depth (kmbsl)

312 -319
hypoDD N=g9

®s
& 40 - g

= %
T T T T ;
141°00" 141°30" 142°00" 142'30" Magnitude

_Strong i {f5,
Coupling‘\a ] 15 10

€
4
43
o
@
(=]

20 — Piippine sea

PH-NA Jf Triple Junction

i 30
. 3.0cm/yr |_P|1'PA IIIIIII e e
a4’ T T T 0 50 100 150 200
Distance (km
TL—hLEICE T HM/NMEYIRLHE - m&ﬁﬁf)
EABIBOT YR KEETL—h0 EBOTL—HEH
TL—rDEE AR ERUhyTIo T DERE SHMEDRES M (BA12B-190) &

(Uchida et al.(2009)) (Uchida et al.(2009)) TL—rEREOHIE B & (Shinohara et al.(2011))



1027 BESK A (R4.1.28)
BFE1-1 p163 FHig

162

1.3 BHEEETILOERE 1.38. 3 LEOERFMHZEZEEBLFELEETILHELEETILD)
1. 3. 8. 4 RELTRYNLELHEERSFE

N 3R THENAMFILELEZR : KBRS LA RATHELULET XY DEROD

FKIEE T, EBEENSEIUIEAAATNAIENERINTEY, Kundu et al.(2012) &, 311HED KELET ANYELEIF (high slip patch) D

RTIL, IEARAEBUNTL—MEDHYTIVTZED, SNMHBEORED /N FTELTERALIZELTIS,

Mochizuki et al.(2008), 2 A (2011) 1%, RIFE P IIEEFEENEFEE T IERICOVT, EROBLUD KA AHIZE>TIL—MERIZET S
TERHERAEHIVERS N, ZCICHBLI-EBEYNTL— L ERICEITSEFEZTFEL TS B EISELDE RN T AR T DERIZIEOTLY
B)AHEEMNEZONDELTIND, T, BRIDEAALEB L EDTL—MERICBEVWTHEARAET, BILOEREI TM7REEDMENE R
[CRELTVWAERICOWVT, BILUDEAHFAAZE>TEBRAERNIHIEIN, EIRILF—INEBTELVHICHEFTENIEEZTR THLAEE

MAZEZLNDELTS,

[ k&R A BRI ST 5 IEHh B F Ehis

[ : 19824EM7.0M th 2 0 = R

< BLUORARAAIZLDEEZONBIZH T
BEDO 19965 ~2005F [T AELF-MIKY RELHE
DER

(wy) yadeq |eso4

20

— Measured GPS movements (scale = 2 m)

O Onshore GPS station

A Offshore GPS / acoustic station

M3 e M4 e M5 @ M6 @ M7 @

S HEDBEIEEE (5E), BELRUEBIEHOGPSLYHELT: . b 20 3% 4 A S
ochizuki et al.(2008))

(Kundu et al.(2012)) @ %EE‘EE:;]D




1027 BESK A (R4.1.28)
BH1-1 ple4 HiB 163

1.3 BHEEETILOERE 1.38. 3 LEOERFMHZEZEEBLFELEETILHELEETILD)
1. 3. 8. 4 RELTRYNLELHEERSFE

N 3R THIENAMFILELEZR  ZBR IS T HAARATHELULET XY DERQ
XERFIEAE (2013b) [, RBEAFICEVWTRAELIZIMMMEDOREM1S) DTARYMBEEBIET(VEVETL—FOILRRBEEAATELICEENT:
EHEICMKET 518, COMBEOBIEEEN I VEVETL—rERBILICES>TEDONLIICRR, RMEBEDORESAHERE (BREDLEHY)
[TEEBPOTL—MEEFOMFHERERERT SAREMENHIHZEN DA S-EL TV,

6.30
5.04

378
HEEFD

- RERYEL N S0

WAL AL

B2 (ZORURITHIE) 201 VAR IP O HIEE (V7. 6) FEIUOBIAR, A7 BRI, JSTHIBRERWIE & GNSST— & il 72 53K & b AL 7= I
LiZBT 59 0, REQRMVBBKFEFETL— b/ 70 VEABT L— MER G5EH) LRTET L— e L bioihhir il

I R ICHERALEICH Y, ZhDHOWEOSERNH Y & LD S ELHND,

TIWEHDOE01MEIA B *OMEBE LIZHITH5T XYL
(XERFIS 4 (2013b) )
XS IHMEDOARENSIORNRICRBERICEVWTHRELIMIDRE

B mitEn



1027 BESK A (R4.1.28)
B1-1 pl65 HiB 164

1.3 BHEEETILOERE 1.38. 3 LEOERFMHZEZEEBLFELEETILHELEETILD)
1. 3. 8. 4 RELTRYNLELHEERSFE

W 3R THIENMFIEL-ZR : BRNCEITHERMBEAREL TOENTL—MER OBERM
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a) Cutting off

T 7 r T 75 5 TR g
e W = o 1 ﬁ‘
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S Ay - & Z\' 3 y. —
o 3 1 T "
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b) Sliding over

] ; ; X s "\ - \
20°s ’ A e g o\
- g . S - g —

40°S : Fd c) Breaking through

very rough 4 . L
seafloor 0

80°E  100°E 120°E 140°E 160°E  180° 160°W 14°W 120°W  100°W  80°W  60'W

Fig. 1. World map showing general lack of correlation between rugged subducting seafloor and great megathrust earthquakes and showing locations of map areas of Fig. 2 through 10 ar
14. Rupture extents of giant (M,, = 9) events are indicated with pink lines. Epicentre locations of other great (M,, > 8) events are from the USGS/NOAA catalogue for the time period

1903-2012.
EROHLWVEELERMEBEOREMED S H
Fig. 11. Scenarios of seamount subduction seen in the literature. (a) “Cutting off": The top

(Wang and Bilek ( 20 1 4) ) partofor the entire seamount is sheared off. (b) “Sliding over”: The upper plate frictionally
slides over the seamount without severe internal damage. (¢) “Breaking through™: The
seamount forces its way through by severely damaging its surrounding and itself (modi-
fied from Wang and Bilek (2011)). We consider (a) unlikely and (b) mechanically impos-
sible. Scenario (c) is supported by field observations and sandbox experiments.

KA RALFBUETLU—MER D F1A
(Wang and Bilek (2014))
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sTremor eBackground swarm srRepeater in background swarm ¥ The Tohoku-Oki earthquake and its foreshock
eVLF  oAftershock swarm  + Repeater in aftershock swarm ¢ The 2003 M6.8 and 2008 M6.9 Fukushima-Oki earthquakes

denote the epicenters of the Tohoku-Oki earthquake and its largest
foreshock (M,, 7.3). The solid and dashed black contours indicate the
coseismic slip (17) and afterslip (20) distributions of the Tohoku-Oki
earthquake at 10-m and 0.4-m intervals, respectively. The magenta
dashed line indicates the forearc segment boundary (24). (B and

C) Space-time distributions of the tectonic tremors, VLFs, and earthquake
swarms containing repeaters during the 1991-2010 and 2014-2018

time periods, respectively.

=EE)

Fig. 3. Slow earthquake activity in the Japan Trench. (A) Epicenters of
the tectonic tremors, VLFs, and earthquake swarms containing repeaters.
Red squares indicate tremors with a duration of 80 s or longer. Yellow
squares denote VLFs. Blue circles represent events of background
swarms containing repeaters (orange stars). Cyan circles are events

of aftershock swarms containing repeaters (green stars). The green
square denotes the June 2017 SSE. Magenta diamonds indicate the 2003
M 6.8 and 2008 M 6.9 Fukushima-Oki earthquakes. Magenta large stars

BREBEICHITHARO—HE
(Nishikawa et al.(2019))

(Mw7.6) X°2016FEICTHUT7RILTHRAEL-ME

Fig. 4. Schematic views
of the slow earthquake
activity and structural
heterogeneity in the
Japan Trench and
Nankai Trough. Red and
yellow squares denote
tectonic tremors and
VLFs, respectively. Green
stars and blue circles
indicate repeaters and
earthquake swarms,
respectively. The orange
regions are interpreted to
host or potentially host
SSEs accompanied by
tremors, VLFs, repeaters,
and/or earthquake
swarms. The green regions
denote geodetically
detected SSEs. The purple
region is the rupture

area of the 1896 Meiji
Sanriku tsunami
earthquake (22) in the
Japan Trench. The red
regions indicate the
coseismic rupture

area of the 2011 M,, 9.0
Tohoku-Oki earthquake

in the Japan Trench and
locked zones in the Nankai
Trough. The pink regions
indicate the asperities
(33). The brown regions
are subducting seamounts.
The dashed dark gray
lines denote the afterslip
areas of the Tohoku-Oki
earthquake in the Japan
Trench. The white dashed
line indicates the forearc
segment boundary (24) in
the Japan Trench. Note that
the slab geometries are
simplified. The schematic
view of the Nankai Trough
is adapted from (11).
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Fig. 1. (top) Hypocentral distribution of the main shock and aftershocks of the 2003 Tokachi-Oki earthquake and low-frequency (LF) earthquakes. Solid
stars labeled LF1 and LF2 indicate the hypocentral location of LF events occurred at 3:37 am and 3:46 am, respectively. Aftershocks for the period
of one month from the occurrence of the main shock are relocated by a homogeneous method with the fixed stations using stations of NIED Hi-net,
JAMSTEC, Hokkaido University and JMA around the aftershock area. Well determined hypocenters with the horizontal error of less than 2 km and
the vertical error less than 4 km are plotted on the bathymetric topography map. Focal mechanisms of the LF events estimated by the moment tensor
inversion analysis are shown in the lower left corner. Solid circles labeled with Refl and Ref2 are the normal aftershocks whose seismograms are
shown in Fig. 3 and Fig. 4 as references compared with the LF events. The solid square symbol is the location of the station N.SAMH where observed
seismograms are plotted in the Fig. 2 and Fig. 3. The triangle symbol labeled with SS indicates the swell produced by a subducted seamount in the
inner trench slope. The dashed line indicates the axis of the Kuril Trench and the Japan Trench. Along the profile of AB, the cross sectional view of
aftershocks is shown in the right side. Gray bold line is the plate boundary along the AB profile proposed by Earthquake Research Committee
(Bottom) Time sequence of aftershock activity for 2003 Tokachi-Oki earthquake and LF earthquakes. Earthquakes listed in JMA catalog | d in the
rectangle area shown in top panel are plotted with the time duration of ten days. Circles indicate earthquakes, of which the magnitude is greater than
5.5. LF events are indicated by star symbols.
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Fig. 1. Tremor activity in the Japan Trench. (A) Epicenters of the tectonic
tremors. Dots indicate the epicenters of the tremors, which are colored
according to their duration (see the color scale). Yellow and red stars
areVLFs and M > 4.5 ordinary earthquakes, respectively, with the ordinary
earthquake epicenters taken from the Japan Meteorological Agency
(JMA) catalog. Black triangles are S-net observatories. The green square
denotes the June 2017 SSE that was detected by our GNSS analysis.
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Day in May-Jun. 2017

The orange shaded polygons indicate the 18 overlapping subregions used
for our tremor detection. The top of the Pacific Plate is indicated by the
black contours at 10-km depth intervals. (B) Space-time distribution of the
tectonic tremors. We used Japanese Standard Time (JST; UTC + 9 hours).
The vertical lines indicate 1 January 2017 and 1 January 2018. (C to E) Enlarged
views of (B). The green shaded region in (E) denotes the spatiotemporal
extent of the June 2017 SSE.
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Figure 3. Locations of tremor sources determined in this study (red circles). (a) Comparison with locations of very low
frequency earthquakes determined by an array signal processing method (blue crosses; Asano et al., 2008) and a cross-
correlation analysis (light green diamonds; Matsuzawa et al., 2015) using land-based stations. Broken lines indicate con-
tours of the depths to the plate interface at 10-km intervals defined by Kita et al. (2010) and Nakajima and Hasegawa
(2006). (b) Comparison with the epicenters (stars) and slip distributions (contours) of the 1968 Tokachi-Oki (light blue;
Yamanaka & Kikuchi, 2004), 1994 Sanriku-Oki (purple; Nagai et al., 2001), and 2003 Tokachi-Oki earthquakes (green;
Yamanaka & Kikuchi, 2003). Purple circles denote 7-day aftershocks (M > 3.0) of the 1994 Sanriku-Oki earthquake listed
in the Japan Meteorological Agency earthquake catalog. Plus signs indicate the stations used in the analysis.
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Figure 5. Comparison of topography, geologic structure, earthquake and tsunami sources, and
geophysical data. (a) Bathymetric contour map, (b) depth contour map at the base of Pliocene sediments AN o—4
(contour interval of 0.2 s in two-way traveltime), (¢) and (d) seismic and tsunami sources defined as the 1952¢®iﬂ ' H:jli'&'a)j- ) *ﬁtxﬁ ﬂ Egiﬁw Fﬁ{g
arcas with slip larger than | m for Yamanaka and Kikuchi [2003 ], Tanioka et al. [2004], and Satake et al. (Tanaka et al. (201 9) [Z— IUJH%)

[2006] and 1.2 m for Yagi [2004]. (¢) magnetic anomaly [Joshima. 2005] (contour interval of 50 nT). and
() gravity anomaly [Joshima, 2005] (contour interval of 10 mGal).
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Figure 4 | Comparison of slip-deficit zones and tsunami source regions.
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Figure 6. Annual slip distribution on the two plate boundaries. The thick rectangle on the Pacific side is the region of a model fault of the subducting in the past century. The green dotted ellipse indicates the tsunami source
Pacific Plate. Red and blue areas indicate the region of back-slip and forward-slip, respectively. Contour interval is 2 cm yr ! Vectors represent motion of the region of the 2003 Tokachi-oki earthquake.
hangingwall relative to the footwall. The length of red bars right of the line in the sea of Japan means collision rates at the plate boundary modelled by the
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Figure 7. Slip distribution estimated by inversion of tide gauge (TG) data. Rupture ve- L :g
locity is 1.0 (left). 1.5 (center) and 2.0 (right) km/sec. Rise time for each subfault is 3 min. 5 N
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Figure 2 | Slip distribution of the 2010 Maule earthquake. Slip distribution
for the 2010 M,, 8.8 Maule earthquake obtained from the joint inversion of
tsunami and geodetic data, represented by colours according to the scale at
the bottom. White arrows represent the slip direction (rake). Thin black
contours indicate the associated surface vertical displacement
(1-m-interval solid lines for uplift, 20-cm-interval dashed lines for
subsidence). Epicentres and source zones are plotted only for major thrust
earthquakes (compare Fig. 1).
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Figure 1. Plate-boundary earthquakes of M,,>8.5 (white
stars) that have occurred since 1950 from USGS and the
seven earthquakes compiled in this paper (black stars).
Solid lines indicate transform and spreading plate bound-
aries. Dashed lines represent subduction boundaries.
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Fig. 4. Schematic views
of the slow earthquake
activity and structural
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(&) (b)

heterogeneity in the
Japan Trench and
Nankai Trough. Red and
yellow squares denote
tectonic tremors and
VLFs, respectively. Green
stars and blue circles
indicate repeaters and
earthquake swarms,
respectively. The orange

regions are interpreted to
host or potentially host
SSEs accompanied by
tremors, VLFs, repeaters,
and/or earthquake
swarms. The green regions
denote geodetically
detected SSEs. The purple
region is the rupture / |
area of the 1896 Meiii Foresr segment boundary .\ 42N
Sanriku tsunami
earthquake (22) in the
Japan Trench. The red
regions indicate the
cossismic nupture Ly
area of the 2011 M,, 9.0 tJ
Tohoku-Oki earthquake

in the Japan Trench and
locked zones in the Nankai
Trough. The pink regions
indicate the asperities
(33). The brown regions
are subducting seamounts.
The dashed dark gray
lines denote the afterslip
areas of the Tohoku-Oki

Upper plate consisting of
granite batholiths
(positive residual graviti

40N —
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L ] L 1! ' 4 L
142

earthquake in the Japan i 50 km
Trench. The white dashed | ] L 1= L —
line indicates the forearc 'E 144°E 1468°E 142'E 144°E 146°E

segment boundary (24) in
the Japan Trench. Note that
the slab geometries are

Figure 3. Locations of tremor sources determined in this study (red circles). (a) Comparison with locations of very low
simplified. The schematic

frequency earthquakes determined by an array signal processing method (blue crosses; Asano et al., 2008) and a cross-
correlation analysis (light green diamonds; Matsuzawa et al., 2015) using land-based stations. Broken lines indicate con-
tours of the depths to the plate interface at 10-km intervals defined by Kita et al. (2010) and Nakajima and Hasegawa
(2006). (b) Comparison with the epicenters (stars) and slip distributions (contours) of the 1968 Tokachi-Oki (light blue;
Yamanaka & Kikuchi, 2004), 1994 Sanriku-Oki (purple; Nagai et al., 2001), and 2003 Tokachi-Oki earthquakes (green;
Yamanaka & Kikuchi, 2003). Purple circles denote 7-day aftershocks (M > 3.0) of the 1994 Sanriku-Oki earthquake listed
in the Japan Meteorological Agency earthquake catalog. Plus signs indicate the stations used in the analysis.
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1994/06/02 | Java 7.8 [57 |71 250
30 1996/02/21 | Peru 7.5 |58 |66 12
2006/07/17 | Java 77 |62 | T2 668
-60 2 T | T T : T -60
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Tsunami Earthquakes, Figure 1
Map of tsunami earthquakes (listed in Table 1). Location for 1896 earthquake from [2] and for 2006 earthquake from the Global CMT
catalog. All other earthquake locations from the Centennial Earthquake Catalog [18]
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