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1.1 EFRAEH

- Yeetal.(2012) (%, BEDMERERBRE, IRNYRESMRV2011ERT LA RKTEFHE (LT, BIHEIEWNS, ) BORESHTZEDLH
Mo, EFEAESBICIEIFEREED T RYICKYEADERINSERE TSI (SLSR(Sanriku-Oki low-seismicity region) ) WFHE T S L%
SMIZLTND,

- WMEREMRTHERE(2012) [, BEDHMEREBELIS, BREINTVWSAMEE—AUIMEELTIEIFZEAERBLTELST, 512, 1989
F, 19924, 1994FD=[EFDHMEDRICIEHMEE T RYUMNRI oL, AT T (FMDFEEIZLERDENSNEEE@LTLNS, H, TY
RESTRUIIMETOITARYLHEND, MODMENFELEL-IRIEHIIEEMEEDITRYZELSDEEZONDELTINS,

TTTET T T T T T T T
L (b) 1968 N
L i 1994, 4 ]
401 B
i 19 N h— 19337—
5 [ —— 1897
38 & =
r 1915 i
37 1 =}
i 869 1
36| Tsunami Source |
3 ; d |
De Lo i % . & B
30’ 35 120° 125 50" ’ 100 km Figure 12. Schematic map of the Japan megathrust fault showing the distribution of rupture zone of
5 ] historic large events and the 2011 Tohoku earthquake (large blue regions), and aftershocks (small blue
Magnitide 0 0 O O O Deptivkm MEE e — pa by by s d g by L g by regions) along the megathrust from Japan Trench. We plot the southem end of the 1896 rupture zone as
M 50 60 70 80 90 S 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 southern 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, region highlights the SLSR on the megathrust. The SLSR is largely aseismic, but does have modest-size
and symbol size increases with seismic magnitude. The magenta rectangular region indicates the SLSR. patches of seismogenic regions downdip, including the off-Kamaishi repeater zone, The shallower portion
The black rectangle indicates the zoomed-in region in Figure 1b. (b) Map showing the location of the ofthe SL_SR is almost dc-j‘vmd of' moderate-size thrust events, but seismic activity is high in the 1896 rupture
Sanriku low-seismicity region (SLSR), and schematic rupture zone of historic large earthquakes along zone region further updip.
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 HhEDE]
contours of 1, 10, 20, 30, 40, and 50 m for 2011 Tohoku-Oki rupture model of Yue and Lay [2011] are EE?I ﬂE@E/ﬁm%.
shown along with a red star for the USGS/NEIC epicentral location. The darkly dotted ellipse indicates (Ye et a|(201 2))

the approximate location of the 896 Jogan tsunami source region [Minoura et al., 2001]. The dashed curve
indicates the position of the trench.

1975F ~ 2011 FE(ZH 1T HME.5L LD ERS f LB EFFE (SLSRIDLE
(Ye et al.(2012))
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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 er
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi et al. (2001) and Uchida et al. (2009).

S1HhER24BRIOMES 1 (EHh) &
1926 FE LR ICRAELI-M7 UL L DOREE
(F#8) DR
(Uchida and Matsuzawa(2011))
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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 al. (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 et 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-
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.

Distance (km)

Depth
(km) 70} -

Kamaishi-oki eq.

A— Asperities for small
repeating earthquakes

2011 Largest afs.

Fig. 4.  Schematic figure showing the distribution of the hierarchical
structured asperities at Tohoku. The circles show asperities that have
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.
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Figure 1| Time series of east: t def ion at GPS i in the Tohoku district. (a) Selected GPS stations (orange squares) and M,, 6-8 scm
earthquakes (green stars) in the index map. (b) Original time series of east-west deformation obtained from the GEONET F3 solutions3# at the stations and
the effects of the M,, 6-8 earthquakes (green lines). (¢) Detrended time series obtained by removing the regular trends in 1996-2001 (solid red lines), T T T
140° 142° 144°

annual variations and earthquake effects. These time series deviated from the zero lines around 2002 and accelerated at the time of the 2003 or 2005

earthquale (green lines), Figure 2 | Distribution of total deviations and the result of a two-source
inversion. The red and purple contours represent the distributions of the

GPSEEIE\II nn( 3:3 (j-éiﬁjj_ Fﬂ 0) g{ﬁa) H%%ylj forward slip by the very long-term transient event and the backslip by the

northern source, which were obtained through the two-source inversion of

(YOkOta and KOketsu (201 5) ) the total deviations (pink arrows). The black arrows denote synthetic
deviations computed for the inversion result. The co-seismic slip
distribution of the 2011 Tohoku earthquakeB is also displayed with the
epicentre (white star) and Japan Trench (dark green line). The black bar at
the bottom right denotes 100 km.
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- BEEMZE BFEAEBOTLU—MEREEERIRIZ, FEHEEDTRYIZKYEADBRSN DK EFENE (SLSR(Sanriku—Oki low—

seismicity region) ) BNEFET % (Ye et al.(2012) ),
- Uchida and Matsuzawa (2011) [Z& I, /

Figure 12. Schematic map of the Japan megathrust fault showing the distribution of rupture zone of
historic large events and the 2011 Tohoku earthquake (large blue regions), and aftershocks (small blue
regions) along the megathrust from Japan Trench. We plot the southern end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southem extent of
the tsunami model of 4ida [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.
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(Ye et al.(2012))
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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 = 7T earthquakes since 1926 (green lines, Uchida er al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida et
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi et 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 er al. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (Igarashi er
al., 2001; Uchida er @l.. 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida et 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-
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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E-AUMY ZF2-F (Mw) 8.62 9.05
W B EE (S) 40,959 (km?) 110,472 (km?)
Figg~YE(D) 4.98(m) 8.64(m)
H = 1815 (0.33D) 1.64(m) 2.70(m)
KY~Y1(1.4D) 6.98 (m) 11.46 (m)
HKRI Y (3D) 14.95(m) 24.56 (m)
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E-AUMIY ZF1-F (Mw) 8.70 9.13
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Fg~YE (D) 5.59 (m) 9.14(m)
H=RE(0.33D) 1.84(m) 3.02(m)
KRI~Yh(1.4D) 7.82(m) 12.80(m)
HKXY Y15 (3D) 16.76 (m) 27.43(m)
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