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Fig. 1. Focal mechanisms of large shallow intraslab earthquakes listed in Table 1 are plotted with event numbers (lower hemispheres in an
equal area projection). For Events 2. 4. and 5. only the epicenters are shown because no reliable mechamism seclutions are available for
these events. The dotted lines labeled with letters show sections along which P- and 7-axes of nearby smaller events from the Harvard
centroid moment tensor catalogue are plotted in Fig. 3. (a) Western and South Pacific regions (b) North and South Amernican regions.
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B Seno and Yoshida(2004)
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Table 1

List of large shallow intraslab earthquakes

Region Date Epicenter M, Depth (km) Strike/dip/rake Age (Ma) Upper plate

event N °F O O O stress

E Hokkaido 123
1 Hokkaido-toho-oki 4 October 1994 43 42 14681 83 33 158 41 24

Kyushu-SW. Japan 15-30 G
2 Kii-Yamato® 7 March 1899 341 136.1 7.0 45
3 Geiyo 24 March 2001 3413 13271 68 47 181 57 —67
4 Geiyo® 2 June 1903 341 132.5 72 30
5 Hyuganda® 2 November 1931 322 1321 71 40

S. Mariana 164 G
6 Guam & August 1993 12.98 14480 77 45 238 24 82

Manila 22
7 Manila 11 December 1999 15.87 11964 72 35 112 13 -—169

Sumatra 66
8 Sumatra 4 June 2000 —4.73 10194 78 44 92 55 152

Vanuatu 3552 G
9 Vanuatu 13 July 1994 —16.50 16735 71 25 272 42 2
10 Vanuatu 6 July 1981 ' | 17090 75 58 345 30 -—-179

N. Chile 48 G
11 Taltal 23 Febmary 1965 —25.67 7079 7.0 60 16 86 —78

C. Peru 44 G
12 Peru 31 May 1970 —0.18 —7882 79 43 160 37 —00

El Salvador =37 G
13 El Salvador 19 June 1982 1265 —8897 73 52 102 25 —106
14 El Salvador 13 January 2001 1297 —89.13 77 36 121 35 —95

Mexico 10-17 G
15 Oaxaca 30 September 1999 15.70 —9696 74 47 102 42 -—103
16 Oaxaca 15 January 1931 16.4 —96.3 7.7 40 90 34 —90
17 Michoacan 11 January 1997 1834 —10258 71 40 175 18 —28

N. Cascadia 10 G
18 Nisgually 28 Febmuary 2001 47.14 —12253 68 47 176 17 —96
19 Olympia® 13 Apnl 1949 4717 —12262 71 54 14 82 -—135

Alaska 35 G
20 Kodiak Island 6 December 1999 5735 —15435 70 36 357 63 —180

I Hypocenters and magnitudes are from Utsu (1982), except for the depths of the 1899 and 1905 events which are estimated in this
study. Magmudes are referring to the Japan Meterological Agency (IMA) magmitude.

" Hypocenters and magnitudes are from Baker and Langston (1987).
Hypocenters for other events are from the Harvard University centroid moment tensor catalogue (HCMT), except for the depths by
mndividual studies mentioned in the text. Strike. dip and 1ake are from HCMT except for the 1993 Guam event: Tanioka et al. (1995). 1965
Taltal event: Malgrange and Madanaga (1983), 1970 Peru event: Abe (1972), 1931 Oaxaca event: Singh et al. (1985), and 1949 Olympia
event: Baker and Langston (1987). G abbreviates gradient in the upper plate stresses.
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Fig. 12. Relationships between the slab and arc stresses. The nidge push. slab pull and the fore-arc collision force are balanced (Seno and
Yamanaka. 1998). (a) The slab is down-dip tensional and the arc is tensional in the back-arc and compressional in the fore-arc. (b) The
slab is down-dip tensional and the arc 15 compressional. (c) The slab is down-dip compressional and the arc is tensional. (d) The slab is
neutral in the stress state and the arc 15 compressional. In regimes (a) and (b). large shallow intraslab earthquakes tend to occur
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Fig. 6. (a) Plan view of focal mechanism solutions in the upper plane of the double-planed seismic zone. Events are classified from Fig. 6 (continued).

the type of solutions. Dotted lines represent the depth contours of the upper seismic plane (Hasegawa et al., 1993; Umino et al,,
1984). Contour interval is 25 km. (b) Epicenter distribution of focal mechanism solutions in the lower plane ol‘ the double-, p!an:d
seismic zone. Dotted lines indicate the depth contours of the lower seismic plane (Hasegawa et al., 1983; Umino et al., 1984).
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Fig 2. (a}-(q) Across-arc vertical cross-sedtions of relocated earthquakes along lines (a) through (q) in the inserted map beneath Hokkado and Tohoku. Gray dots indicate
carthguakes that oocurred within 10 km from each line. Crosses with red and blue lines show P red) and T (blue ) axes of focal mechanisms proje ced on the section (see Section 3 for
detall). Yellow stars and yellow circes respectively show epicenters of small repeating earthquakes | Uchida et al, 2003, 2009) and low-angle thrust-type events [Kit et al, 2010),
which are thought to occur on the plate boundary. Thin black lines show the estimated plate interface, Horizontal thick black lines show the area of the land. Locations of the 1993
Kushiro-oki and the 2003 Miyagl-oki earthguakes are shown by green stars in Fig 2(c) and (m), respe ctively.

Fig. 1. Tectonic map of northeastern Japan. The Pacific plate is subducting beneath the = - =
Kuril arc in Hokkaido and beneath the northeastem Japan arc in Tohoku. Red triangles Eiﬁw %m*ﬁﬁfﬁﬁﬁﬁ (%Em*ﬁﬁwpﬁﬂl’éaﬁﬁ, Tiﬂ&%ﬁ—cmj—)

show active volcanoes and gray squares indicate seismic stations used in this study. - oo oo cm o m e e e e e e e e e e C e m e mcmcmmmmmccccm e mc e mm e mm e mm——m——————

Black contours show the depth of the upper surface of the Padific plate. Black dotted and
dashed line shows the location of the trench. Green short dashed lines show boundaries

Locations of the 1993 Mj 7.8 Kushiro-oki and the 2003 Mj 7.1 Miyagi-oki earthquakes
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Fig. 4. Location of the estimated fault plane and aftershocks of the M 9.0 and M 7.1 earthquakes. Along the cross-section is shown by line A—A' in
Fig. 3 (a). Small black circles and blue circles represent the aftershocks determined by the JMA between 11 March and 10 April, 2011, and between
the 7 April earthquake and 10 April, 2011, respectively. The red thick line denotes the location of the estimated fault plane of the M 7.1 event.
The black and gray thick lines along the Pacific plate surface denote portions of the fault plane having 10-m- and 5-m-fault slips (linuma et al.,
2011), respectively. The blue and red arrows denote the slip directions of the M 9 earthquake and the M 7.1, April 7, event, respectively. The gray
arrows illustrate the background stress field in the subducting plate. The gray dashed line indicates the neutral stress plane by Kita et al. (2010). The
protractor indicates the angle from the subducting plate interface.
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Table 1. Estimated fault parameters of the optimal rectangular fault. Longitude, latitude, and depth denote the location of the upper-left corner of a
rectangular fault plane, looking down from the eastward side.

Longitude Latitude Depth Length Width Strike Dip Rake Slip
(degree) (degree) (km) (km) (km) (degree) (degree) (degree) (m)
141.773 38.242 56.1 30.1 20,0 23.0 353 97.9 2.4
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