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CUUSEEE, x05.5. 1 HOBB YL s HE Lich v 7Y » X TF (3 70~100%), M (& :10~70%), W Andaman (A > F%H)
(ss 0~10%), BAHIE (SiERac 1997 R & TORAMBO 7Y =F 2 — ¥ LRER), B RHIREOE 5 oy

Kb,

cadia (Washington J » Oregon M|, 7= & 2 Atwater, 1970, GSAB 81, 3513), Makran (/S% A% > - A 7,
fz & Z if Byrne - Sykes, 1992, JGR 97, 449) R ¥ 04757 v 5 ViEHH D,
GPS ##iliz & % ¥ Tonga-Kermadec JAOINHERFE Iz b - L KZ kw3 (Bevis iE2, 1995, NAT 374, 249),

New Hebrides TIZ#&} (11 cm/fy §if%) L4t# (3.6cmly) TAZ <:#> (Calmant iF, 1995, GRL 22, 2573),

Z ®iE»iz Carabria #7243 Tyrrhenian (4 % ) 7, # k& % ¥ Selvaggi » Chiarabba, 1995, GJ 121, 818), Cas- it Sulawasi-Sangihe (£ > F&¥7)

LR 8O (fms Vi oz B e
FEB-Kamchatka 45~-55 620 8~9 F-M  M.9.0 (1952)
#HitBA (BEiERE) 25~30 600 10 M-W M.,8.5 (1933)
FRE-NEIR 45~-65 560 6~7 W M. 7.6 (1909) #
Marianas (FEIZX$R) 70~90 650 4~5 W M. 7.8 (1993) #
me 7.9 (1914, DEF)
mEEEER (FHErZ7) 70 3~5 F M.8.2 (1946)
BBk 45~50 250 o~T7 M-W  ms8.1 (1911) #
Aleutian 40~65 280 7~8 F-M  M.9.1 (1957)
Alaska 20~-45 200 5~6 F Mi9.2 (1964)
AFva 25~50 210 5~T7 M M:8.2 (1932)
f ok 30~70 280 7~9 M-W M. 7.9 (1942)
Caribbian (4 V 755E) 50~-75 250 0.2~2 M:8.1 (1946)
aaE7-z 77 EFnw 30~40 210 7~8 M-F  M.8.5 (1906)
~2jl— 25~30 20044 7~10 M-W M:7.8 (1913)
M 8.2 (1994, ZEH)
F ) 4bE8 10~30 300+d 8 M M.8.5 (1922)
F V) EIER 25~35 170 11 F M, 9.5 (1960)
B Sandwich (Scotia) (FHR) 70 250 5~17 W M 7.7 (1929) #
Za—Y—=FF 50~60 2704+d 5~8 M. 7.8 (1931)
Kermadec (=2 —¥—35 > FEH) 60~70 600 6~7* M-W M. 7.9 (1917, 76) #
Tonga (b #7414 3—) 50~60 660 5~9* M M. 8.4 (1917) ¥
New Hebrides (»¥X 7 V) 65~70 300+d §~10* M-W M. 81 (1940) ¥
Solomon (VY oE) 50~85 520 10 M-W M. 80 (1939)
New Ireland (77 =2 —F=7) 75 550 10 M:T7.9 (1919)
New Britten ([&L) 40~60 290+c M-W M, 7.7 (1945) #
New Guinea ([E.L/4 > Fax¥7) 55 200 3~4 M, 8.2 (1996)
Sunda (Sumatra) (4 >~ F&&7) 30~50 180 7 W M:7.7 (1935)
Sunda (Java-Banda #g) ([E.L) 50~70 690 —~8 W M. 8.5 (1938)
20 140 2 W M 7.7 (1941) #
40~60 660 7~8 M:8.3 (1924)
55 670 M.8.0 (1932)
4 > ¥-Hindu Kush (7 7 # =A% >) 300 6 M, 8.6 (1950)
Agean (Hellenic) () +7) 30~45 260 M. 7.7 (1956) #
me 7.7 (1926, SoS°FEH)
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OSeno and Yoshida(2004) [Z&BiE ¥ TL—FAHE
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Fig. 1. Focal mechanisms of large shallow mtraslab earthquakes listed in Table 1 are plotted with event numbers (lower hemispheres 1n an
equal area projection). For Events 2. 4, and 5. only the epicenters are shown because no reliable mechanism solutions are available for
these events. The dotted lines labeled with letters show sections along which P- and T-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 American regions.

(b) 30°8
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F180EBEELE

BEH1-1(P4)DES

M Seno and Yoshida(2004)

1994FJLiEBER A EN KK
HEDOHMETHD,

Table 1

List of large shallow intraslab earthquakes

Region Date Epicenter My Depth (k) Stnke/dip/rake Age (Ma) Upper plate

event N °E O O O stress

E. Hokkaido 123
1 Hokkaido-toho-oki 4 October 1994 43.42 146.81 83 33 158 41 24

Kyushu-SW. Japan 15-30 G
2 Kii-Yamato® 7 March 1899 341 136.1 7.0 45
3 Geityo 24 March 2001 3413 13271 68 47 181 57 —67
4 Geiyo® 2 June 1905 34.1 1325 72 50
5 Hyuganda® 2 November 1931 322 1321 71 40

5. Mariana 164 G
6 Guam 8 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 35-52 G
9 Vanuatu 13 July 1994 —16.50 167.35 25 272 42 2
10 Vanuatu 6 July 1981 —-2231 170.90 5 38 345 30 -—-179

N. Chile 48 G
11 Taltal 23 February 1965 —25.67 —70.79 7.0 60 16 86 —78

C. Peru 44 G
12 Peru 31 May 1970 —9.18 —7882 79 43 160 37 —90

El Salvador =37 G
13 EI Salvador 19 June 1982 12.65 —8897 73 52 102 25 -—106
14 EI Salvador 13 January 2001 12.97 —-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 77 40 90 34 -90
17 Michoacan 11 January 1997 18.34 —10258 71 40 175 18 —28

N. Cascadia 10 G
18 Nisqually 28 February 2001 4714 —12253 68 47 176 17 -96
19 Olympia® 13 April 1949 4717 —12262 71 54 14 82 —135

Alaska 55 G
20 Kodiak Island 6 December 1999 5735 —15435 70 36 357 63 —180

# Hypocenters and magnitudes are from Utsu (1982), except for the depths of the 1899 and 1905 events which are estimated in this
study. Magnitudes are referring to the Japan Meterological Agency (JMA) magnitude.

b Hypocenters and magnitudes are from Baker and Langston (1987).
Hypocenters for other events are from the Harvard Umiversity centroid moment tensor catalogue (HCMT), except for the depths by
individual studies mentioned in the text. Strike. dip and rake are from HCMT except for the 1993 Guam event: Tanioka et al. (1995). 1963
Taltal event: Malgrange and Madanaga (1983), 1970 Peru event: Abe (1972), 1931 Qaxaca 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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B Seno and Yamanaka(1998 ) [Z&kBiE¥ETL—FRAME

HARDEBETL—LEEMIZES ADIKR, TLU—FDERMN
FEHLNTLVS,

=Bt #h 5 (N.Honshu)ld, @7 L—FRIG D HIL (Neutral),
ELIG 73 DEHE (Compression)EE>THY, hLFyh
(Kamchatka), F & (Kuri)ERI#k&ELZEOTULND, Fz, TL—FD
FRKETE (KuriDEEE L TEHWER ELZ-TLNS,

Table 1. Slab Stresses and Back-arc Stresses

Arc Slab  Back-arc  SlabAge  Ref.  Ref.

Stress Stress (Ma) (slab) (arc)
8. Ryukyu C T 45 (0 ¥)
Izu-Bonin c T 150 3) )
Tonga C T 100 (3) (5)
Kermadec Cc T 90 3) (5
Kamchatka N C 9% (6) )
Kuril N C 110 (8) (9)
N. Honshu N C 130 gy (1n
E. Aleutians N T 53 (12 @an
S. Honshu N T 20 (13) 9
New Biritain N T 30 (14) (15)
Philippines T C 40 (16)  (16)
Sumatra T c 50 3 an
Peru T C 30 s 19
Chile T Cc 40 (18 (19
Mariana T T 165 3 (20)
Kyushu T T 26 (0)] 21)
Acgean T T 110 (22 @

T, C and N for the slab stress indicate down-dip tension, compres-
sion, and neutral, respectively. References are (1): Shiono et al. [1980],
(2): Kvmura, [1985], (3). Harvard centroid moment tensor solutions and
Astiz et al. [1986] and Lay et al. [1987], (4): Honza and Tamaki [1985],
(5): Hamburger and Isacks [1988], (6): Gorbatov et al. [1994], (7):
Newberry et al. [1986], (8): Kao and Chen [1994], (9): Seno and Egu-
chi [1983], (10): Hasegawa et al. [1978], (11): Nakamura and Uyeda
[1980], (12): Reyners and Coles [1982], (13): Ukawa [1982], (14):
McGuire and Wiens [1995), (15): Taylor [1979], (16): Cardwell et al.
[1980], (17): Zoback [1992], (18): Astiz et al. [1986], (19): Assumpcao
[1992], (20): Hussong and Uyeda [1980], (21): Seno [1998], (22):
McKenzie [1978], (23): Mercier [1981]. Slab ages are read from Plate-
tectonic map in the circum-Pacific region [Halbouty et al., 1981].

A HEILBA
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B Seno and Yoshida(2004)
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lE, RSTIZEERYAMEAL, MO, BIlDIE IIKEANFLFig1 2(a),b)D K55 THHELTINVS,
(Fig12(a),(b)IZEZ 29 H#ig TIX, 1994F4tiE Eiﬁ,thiﬂz (Mw8.3), 1993F 45 7 LD E (Mw7.7), 20004
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TWBIGED, HHWNE, BETL—FRNIZHIAIEAZFE>TWWSIBEELTLNS, cNLDIEE, B0 EHE
DI NI ULNS AR TNV,

(a) Kyushu, Cascadia {¢) Bonin, Tonga

C CHT pressiom +—— Tension Tension

'

Tension Compression
2(b) Sumatra, Manila (d) N. Honshu, Kamchatka
P
jtiﬁﬁli(b)[“/\éﬁén—c/ Compression Compression ﬁjtiﬂjﬁ[i (d)[:
L%, HMEESNTLS
(sx@kehiz, MThis case is . -‘b R &
seen in Sumatra, Manila, -
and E.Hokkaido. ] & 52 &A%
H5.)
Tensinn Newral

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 1s down-dip tensional and the arc is tensional i the back-arc and compressional in the fore-arc. (b) The
slab 1s down-dip tensional and the arc 1s compressional. (c) The slab 1s down-dip compressional and the arc 1s tensional. (d) The slab 1s
neutral in the stress state and the arc 1s compressional. In regimes (a) and (b). large shallow intraslab earthquakes tend to occur

3¢Seno and Yoshida(2004) [Z—ZRNEE
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Table 2
Rupture parameters of the compiled outer-rise great events.
1d. Date Mace My Length Width Bottom Dip Slip Rigidity Reference
dd/mm/yyyy km km km ° m Nm ™2
a 03,/02/1933 Sanriku 8.4 185 100 70 45 33 - Kanamori (1971)
b 03/02/1933 Sanriku 84 220 35 25 45 8 7.0x10" Kirby et al. (2008)
C 30/03/1965 Rat Island 7.2 50 80 60 50 1.2 7.0x10' Abe (1972)
d 30/03/1965 Rat Island 7.2 50 40 30 50 G 5.0=10" Beck and Christensen (1991)
g 19/08/1977 Sunda 22 200 70 40 45 3 G.4x10'° Gusman et al. (2009)
f 19/08/1977 Sunda 8.2 200 25 29 45 g 4,0x10' Spence ( 1986), Lynnes and Lay (1988)
g 04,/05/1990 Mariana 73 40 25 29 48 34 4.0x10" Satake et al. (1992)
h 04,/05/1990 Mariana 73 70 40 40 48 1.5 4.0x10' Satake et al. (1992)
i 04,/05/1990 Mariana 73 70 40 - 48 - - Yoshida et al. {(1992)
i 04,/09/2001 Juan Fernandez Ridge 6.7 70 26 30 51 1 4.0x10'" Fromm et al. (2006)
k 13/01/2007 Kuril 7.9 120 40 35 45 1.9 5.0x10' Fujii and Satake {2008)
1 13/01/2007 Kuril 8.0 130 30 - 37 6.4 4,0=10' Tanioka et al. (2008)
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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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