'#H1-2

RBRFNDEEFR HEEZREDEREDNIL
(R - R EmhoaFRIFILEOESHEHE ]
ISERT DFRDOFMZDOLNT (A MEE)
(R R ERBAE #)

2021&2H19H
HIEBIKRAEH

IYV.x5.6»5

All Rights Reserved. Copyrights ©2021 Tohoku Electric Power Co., Inc. (-\ ﬁjt @.7]



B

1. BEEE, $RYEICRHTHEET
1.1 5F &+

1.2 RERH-KIPEF

1.3 B#ip

2. S1MEICHSIRRBICK D ERMEED
2.1 ERHEBEYMO L MEE
2.2 BHATREROONEKREREY

3. BRHERYAE

AR MR O HIRE R O
REFBROFTLED

EM R DAEHR
X#EAEDERITOER

4. BEZFRBOERTE

5. BRI EE
5.1 HEEH
5. 2 BMEEREOBRER
5. 3 EKRKEDFMLIE
5.4 BREZFODEREME

©wwwe
aprpwnNn =

6. TRBE - BXBRHOVTRETIRERBTER (RFyTavh)

6.1 - BEALT IR N—IL R OEBHT R
6.2 +EFH-BEHASEFRALBOEHEME
6. 3 BEXME (EILMHATEHE)

7. BREEBOEZENNEREESIICHEZIHE
7.1 #EtAH

7.2 BEERETILORE

7.3 BREHER

8. JNHMEBICEFHLEEOERIFHEEEZEELESEIEETIL
1 RIRYF-BRIRYEDETE

.2 F‘REZA—

.3 RYUMDFER

00 00 00

9. SMMBICEITAEHERMNDOKTRYBDOWIERFEEZELT-

HHELEETL

9.1 EXKAS

9. 2 BERRERERUXIRNYE - BRXIRYEDHKE

9.3 ®‘/EIA—

9. 4 ZYUMHDHER

10. BRIRYEBDITRYLHDRTE

10. 1 HEANE

10. 2 SIMHEBIZBTAEHEFRDRKELITARNYDERLEER

10. 3 BEHZERAANRVEFE P IO E FH - h EF R4
10. 4 F£&

1. T+ -BEAOBRKITRAVEARERDOERESICRIZTTEE
11. 1 #&EtAE

11. 2 BRIRYBEEDZE

11. 3 BIEDOHBZDHFE

1. 4 F£&OH

12. HiEEET LD B AT
12. 1 ®EtAEH
12. 2 $¥MHIEETILODORERMCEEARBAETIILDOERE)
12. 3 BFEMEHPGPSHIEFT CHELIS 11 ERKIERD

BN
13. REMABMERUEEHEEET ILOBERS T
13. 1 &t AE
13. 2 EtEEHE
13. 3 HEFAEDMBNE T DE LT
13. 4 ERO RN
13. 5 HREMDERSIICEZASXEMNETER
13. 6 F&o

14, E B DO ®RE
14. 1 BRitAS
14. 2 RRKELERENf

14. 3 ZEOEERR @%ﬂt’%ﬂ

IV x5.6»5,



1. BEEE, 9 RYEICET HRE

—t —d

2
. 3

AFRPE
BERM-RERHAF
= 3

N\

®

IV x5.6»5,

RILEN



1. B, TRYBICET SR
1.1 EFRAEH

AH¥2-2-2 p3 BB

FEI123EBELKE (R1.6.7)

- Yeetal(2012) %, BEDHERERBE, TRYRBAMRV2011ERTRIMARFEFHE(LUT, BIBEIEVS, ) BOREDTEDOLH
Mo, BFEABEEBICITFEMEED T RYIZKYEADNERINSIEHEFENE (SLSR(Sanriku-Oki low-seismicity region) ) WEE T D E%EA
LMZLTLVS,

- WMWEREMTHERE(2012) [, BEDHMEREBELIL, BRI TVWSAMEE—AUIMEELTIIIFZEAERBRLTEST, 512, 1989
F, 19924, 1994FD=[EFDHMEDRICIEMEE T RYUMNRI oL, BAvT) T (FMDFEELIZLERDENSWEEEIL TV, BH, TY
REDHARUVINMETODITRYSANS, MODMMENREL-RIIHIEEMBEDI RYZFELISDEEZLNDELTINS,

4074

Poe
130° 135° 140° 145° 150°
Magniude 0o 0 © O O Depth/km IS —
mb 10 20 30 40 50 60 T

50 60 7.0 80 9.0

T
—
e

41

T

40

39

T T 1T T T T T 77

38

37

36

L3P B [ VR SR U [N

TT T T

‘ukushima-ek

Sanriku

T

1994 °,

T

LI B R -

".1968

ST T VA SO A

T M A |

869
Tsunami Source |

/ —_— ]

J 100km ]

NI ETUTII RN ETETE AU AT A R
139 140 141 142 143 144 145 146

Figure 1. (a) Seismicity from the NEIC catalog around Japan from 1973 to 2011 prior to the 11 March
2011 Tohoku-Oki earthquake with my, > 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 Satalke, 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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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 southem end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the souther extent of
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.
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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 e 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 ez 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.
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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 som
earthquakes (green stars) in the index map. (b) Original time series of east-west deformation obtained from the GEONET F3 solutions# 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

Gpsﬁlﬁ“ nn( 3:3 (j-éiﬁjj_ I-El_.‘ 0) E{ﬁo) ﬁ%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 earthc:uakeB is also displayed with the
epicentre (white star) and Japan Trench (dark green line). The black bar at
the bottom right denotes 100 km.

REIMLBRO—RY T O R4S
—__— (Yokota and Koketsu (2015))

DDA ELNS, EEE -
DEREIZEEZEQTOLREE

ALY ()




1. B, TRYBICHET AR

1.2 *EEI-% /':F «ﬂiﬁf’ /':F Eq:—

PR ED LR

F723EFEXE(R1.6.7)
BH2-2-2 pl0 Hig 10

- BEEMZE BFEAEHBOTL—MEREEERIRIZ, EHEEDTRYICKYEANBRSN DI EFENE (SLSR(Sanriku—Oki low—

seismicity region) ) BNEFET % (Ye et al.(2012) ),

« Uchida and Matsuzawa (2011) [C&tIE, /MEYRLMET—2EZ2 ALV =3 11HED
¢XM /':FO)jol/ Fi‘tﬁm’inBO)ﬁuj"JzﬁtthﬁL’C Eqa

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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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 = T 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 (lgarashi 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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Fig. 1. Bathymetric map showing the locations of ocean bottom seismographs (OBSs}
used in this study and total 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 short-period OBS (SPOBS) and broad-band OBS (BBOBS),
respectively, used in this work. The BBOBS with uncorrected clock is indicated by 0 s0 100
the solid square. The red dashed rectangle indicates the grid-search area for the Distance [km]

hypocenter locations. The red solid line is the survey line for the crustal structure
(Ito et al., 2005; Kodaira et al, 2012) and the differential topography (Fujiwara et

al., 2011). The dotted line indicates the axis of the Japan Trench. Fig. 2. Hypocenters and error ellipsoids of the earthquakes. Earthquakes within the
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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 7,,,, = 40 MPa
and seismogenic depth D = 45 km. (b) Horizontal and (¢) vertical
seafloor displacement compared with various observations (dashed
line). The color version of this figure is available only in the elec-
tronic edition.
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Fig. 5. (a) Model with iso-velocity contours as for Fig. 3a, superimposed on focal depths of aftershocks of the 1994 earthquake [10] projected
anto the vertical cross section off-eastem Aomori forearc region. The horizontal axis indicated in the upper part shows the east longitude (° E)
corresponding to the position of our profile, and vertical axis is depth below sea level (km). Yellow triangles show focal depths of the 1994
aftershocks. Black dashed circles labeled A and B denote clusters of aftershocks discussed in the text. The red thick line and the black thick
vertical dashed line mark location of the plate boundary and the location of bending point revealed by this study, respectively. The blue bar in
the upper part shows the location of common asperity of the 1968 and the 1994 earthquakes, from Nagai et al. [4]. Open circles are OBS

p! positi Vertical is 2 times. (b) Spatial distribution of repeating kes from Igarashi et al. [28]. Orange circles
show the repeating earthquakes for the period from April 1992 to July 2000 (M=3 or larger). The red line indicates the location of the seismic
refraction profile and white circles are OBS locations for this study. Blue and green contours denote the large moment release areas, as in Fig. |
[4]. Seafloor topography is contoured at 500-m intervals.
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