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Abstract

Recent investigations based on seismic tomography, hypocenter determinations and focal
mechanism analyses using dense seismic network data reveal the precise configurations of the
Pacific (PAC) and Philippine Sea (PHS) plates subducting beneath the Tokyo metropolitan
area. Estimated geometry shows a broad contact zone between the two plates located directly
beneath the Kanto plain. The overlap with the PHS plate subducting above it provides the PAC
plate with protection from being heated by the hot mantle wedge. Moreover, the fore-arc portion
of the PHS plate, before its subduction beneath Kanto, had been cooled by the subduction of the
PAC plate from the Izu-Bonin trench. These cause lower-temperature conditions within the two
oceanic plates and the upper continental plate beneath the Tokyo metropolitan area. As a result,
depth limits of seismic activities within the plates and along their boundaries are anomalously
deep. Seismic tomography studies show that the easternmost portion of the PHS slab mantle is
serpentinized. The PHS slab may have been torn in two along the western boundary of this ser-
pentinized mantle, with the eastern portion being left behind relative to subduction of the west-
ern portion. This is accompanied by the generation of large intraslab earthquakes along the
boundary. We need to take these observations into consideration to understand the mechanism
generating M7-class earthquakes, which are anticipated to occur in the southern Kanto region
with a high probability.

Key words : subduction of two plates, seismic activity, serpentinized fore-arc slab mantle, slab
splitting, M7-class earthquakes, Tokyo metropolitan area
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Map showing iso-depth contours of upper surfaces of Pacific (PAC) and Philippine Sea (PHS) plates (Baba et al.,
2002; Nakajima and Hasegawa, 2007; Hirose et al., 2008; Nakajima et al., 2009a; Kita et al., 2010). The contact
zone between the two plates is enclosed by two broken curves with the area between shaded in gray. Source
area of the 1923 Kanto earthquake (Wald and Somerville, 1995) and those of forthcoming Tokai, Tonankai,
and Nankai earthquakes (HERP, MEXTV) are shown by light blue ellipses. Source areas of M7 interplate
earthquakes on the upper surface of Pacific plate during the past 80 years (Umino et al., 1990) are also shown by
ellipses. Triangles denote Quaternary volcanoes. Deep low-frequency earthquakes are shown by dots.
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(a) Cross-arc vertical cross-section of intraslab earthquakes in central Tohoku (Kita et al., 2006) . Earthquakes
are shown by open circles. A denotes location of upper-plane seismic belt, and B, C and D show facies boundaries.
(b) Cross-arc vertical cross-section of S-wave velocity in central Tohoku (Tsuji et al., 2008). S-wave velocity is
shown by a color scale. The upper plate surface is shown by a solid line, and A denotes upper-plane seismic belt.
Facies boundary corresponding B in Fig. (a) is shown by a broken line. (c) Epicenter distribution of earthquakes
in the crust of PAC plate. Earthquakes 0-10 km below the upper plate surface are shown by blue dots. Upper
plane seismic belt is shaded in pink. Contact zone between PHS and PAC plates beneath Kanto is enclosed by
two green broken curves. Solid curves and red triangles denote iso-depth contours of upper plate surface and
active volcanoes, respectively. (d) S-wave velocity distribution in the crust of PAC plate on a curved plane 5 km
below upper plate surface (Nakajima et al., 2009b). Black and green broken curves denote iso-depth contours of
upper plate surface and slab contact zone, respectively.
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Fig. 3 Distribution of interplate earthquakes on
upper surfaces of (a) PAC and (b) PHS
plates (Nakajima et al., 2009a) . Circles and
squares show epicenters of low-angle thrust-
type events and small repeating events
(Uchida et al., 2003, 2009), respectively.
Source areas of large interplate events are
shown by ellipses. Thick dashed lines show
downdip limit of interplate earthquakes.
Dots in (b) denote non-volcanic deep low-
frequency tremors/earthquakes.
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Fig. 4 Spatial distribution of interplate coupling (color)

estimated from cumulative slip of repeating
earthquakes sequences (Uchida et al., 2009). Black
dots and thick broken curve denote locations of
repeating earthquake sequences and northeastern
edge of PHS plate, respectively.
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Fig. 5 Across-arc vertical cross-section of thermal
structure in the Bonin fore-arc (Seno, 2007).
Estimated temperatures are shown by isotherm
contours. Possible range of serpentinization in
mantle wedge is deeply shaded. Broken and
dotted lines denote dehydration loci of serpen-
tine. VF is volcanic front.
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TU— MG EINSVE WS Z L, Bl
M8 7 I ALEDREVHEITRI )
ERBRT b5, FEBE, T TT L — MERME
BHRETLZHIOD, T TRERBEDSE
s Twiv, B, BE whoTr—1
BRI ENEHIICEAE LT DO, HEER
SACICHE D B HIE 2% &, WL O ORI RIE
L, 22 TRELOT74VEVHETL— DTV
FIVAS S WAL FEIC 72 > T v (Nakajima et
al.,2009a), Thbbh, 74 VEVHAT TV
VDR DR AIMERCE AL L T 2 WIS AR
IZEAEL, NS O TOAMETRA: % ik
L, ZORZEHPPIRED T L — MES IR
DOFEIHE T >TNVD,

V. @74VEYBTL—MLEET
RETHTL— MERME

HHIE T E b O THR R EZ =T 72 1707 £
JCRRBI LR (M8.2), 1923 4F KIF B U #th 2
(M79) &, 74V¥EVilETL—FEZD Dk
DTL— b EOERTHELEZ-MS 7 7 ADE
KHETHL, HHETTIE, 7L—IBERTT
DBWEEHN10 ~40km LH VDT, THIIFIEDK
ZEXOMETHRLTY, RELWELRITTHE
W23H Y, &EEPLETDH 5,

K3blzlx, 74 V¥ S — b EROT
L— FERBEOEED 5 WIZEFRIBERTD,
T — MERMEBEORS O TR, ZoOWHMT
25 km BEDERES TH-72bD0%, 22007 L —
b OEMIRTIXRATIZE L %2 Y 50 ~ 60 km Fi
FEIZET B, 2L, —ol2iE, BIEFICihAaR
L7414V VT L — N OFEADZEOEN R
T\ (> 48 Ma; Seno and Maruyama, 1984)
ZLIZEBDTHAIH I —DITIE, KFETH
X918, 74V VEETL— FoORES I,
KFET LV — FOLHRARI L o THR S N2IK
RCTHRTICET 20T, RFITREMIL 2o
TWhEHMEINL, T0h, 74V VS
L — bo BRI CHAT S 7L — MERME
DS OTIRA, ZFOYIHTRITICEL % >T
WLZEIZHELELTWwLERDbNS,
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Fig. 6 Vertical cross-sections of earthquakes along lines A through F. Earthquakes are shown by circles. Black lines

denote upper surfaces of PAC and PHS plates, and black broken lines indicate Moho discontinuities of the two
plates. Dotted lines shows estimated isotherm of 600-650C .

72721, MsbicAbND XIS, HLEEHWT
L— MR AAGHETTY, WHETiE, 7L—
FEEFRMFE DT RIS R AT % o TW i,
ZhiE, EBEFL—-tov v by oy VPR
Vs - B Vp/Vs THAHZ LD, BEM~ Y b
COWBTIEAAILL TR0 LiEEEhs
(Kamiya and Kobayashi, 2000; Matsubara et
al., 2005; Nakajima et al., 2009a). XT3 B
HT DR ORI 1923 4K IE IR E (M7.9)
DORFIRZ DT, Sz 5L, 1923 4F B
ORI O T RANMESCAL L BRI~ > v
IoTHEENTVwE W) Z LIk D,

L2 L, H#E 140 Bz B2 T2 oRM >
WITIE, RAPDLELRY, 74V EV RS
L— Ml FOREM~ bV ARASERCA L LT
Wi\l ) THb (Nakajima et al., 2009a) . &
D7D, T — PEFHIEO TRANEL o T

%o GPS R KMENED 7 — & & H W72 RIS X
i, EREBEILEETIE 7V EVESL— b
EREM T L — b EDSRFE LT B &) BRI
HH ) (Nishimura et al., 2007), EHRET Oy
BREORMTNEE 25 L TRET L LEND
b0 2BDT L — bHPLARATND 2D, ZD
Ml ClE MR EE 7 — 7 205 7L — b [B[E G O R
ST THORLTLOIAES TRV
B, MEOEZEENHEAT, 5% T — 7 OER
LEBIT, ELRLMEOEENNEINS,

VI. @7« JEZ EBTL— MAET
RETHATTAHE

X 61%, fiAKDA~F ORBIZHH ZED
SEWIMEZ RS, KFEHETL— 1 (PAC) HEB
Tld, A7 7HIED ZERFEHER %K LT
Wb, THOHFEX, AT 7 EEHBEREIZEATIC
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SA L, LEIMBERMmASSB L Z 40 km BIEOHRE
EETHAT Do A5 7 LEERMD S EORE
DEESFTAT THNHEIFET L2H5IETL— b
DAEFIHAFST S (Brudzinski et al., 2007) . %
niE, E& LTlE (antigorite DK BSHE A
600 ~ 650C, chlorite: 700 ~ 800C) T F -
TV EEZLNL, F4HH 130 Ma O Z D
WOKFET L — ML, WROLARARG D %D
TH®RIBEL, L7 oTHZZWT L — b DOEE
BT 5, 2%, A5 7 LEBERErOBLZE
A0km EEDOFERS T TAT TNHIENIEEL T
WB DX, MROEARAARE ORI ThRDENED
289 5 (Brudzinski et al., 2007) o

TiE, 74V EYiEEFL— 1 (PHS) WiEkid e
ATHAHI D MEARDLE, AT 7 LEERmED
5B LE50~60km BEDRSTTRAT TN
EREELTWLEIEDRbNb, T TR/ L
I, TAVEVHETL— ML, ZOESITHEE
TTHEHH V. 2513w oTh, BBLZ
50 Ma #£%T&d 1 (Seno and Maruyama, 1984),
KFET L — MR L 0T i
DI, AT THNHED FIEREH S DRIOT
FR2S, KFEETL— ML DEY, FhUE, DT
WRDE I, KFEETL— FDLARARICE
D, ZOHHRERG AR S L CTIREE DS EH 1T <
ToTwhzo il sns,

T4) VT L — M, bR L TEBIET
HLHNE, FOMAICHY, T TRERFEET
L= M BZDOTFICkAATG. SOHRAAARICE
D, M5ZRTIIIC FBEMWOT7 1) ¥ Uik
7L — b ORISR S ki, KRS o
FIDPIED Do DX ) ICHRAADRICH R SN
WelF 727 4 V¥ Vi L — PRETRER 7S, BIHIC
ELTEOTFICkAAL, EBE, BETICIRAR
ATREHIIRT 4 ) ¥ V7 L — M, ihAAARRT &
D L KA LTWDZ EAEHIEE W2
EXOHEN»SWHL IR 5> TWwb (Uchida et
al., 2010). KI5 IR LHIT, WS NfElT 7
i BILER 45 13 1 AT 600 ~ 650C & VK< %2 b,
ZFITRATITHNHEDOTEDREE B L E 2
bhb, M6I2iE, BBXZEHE IS 600 ~

650C DERMEZ M TRLTH D, ThED,
IRM2SIERCE D EEFIHTH ), AT T b
VHOMRIZZDRPTHEAEL TS EEZ BN
bo ZDXHIILT, AT 7 LIRS DMl
A50 ~ 60 km &, MHOTEAIALITITIEA S N
WEEIZIRW A T TNHIENT AT S L S h
5o

Z ORTRER G DMERCE DRI D 5 b, Z D
FHIHTIEZ, AT T~V MLOSAERA L L
TWwWb L) ThHb, M712, BMEMGZE5M
A~ CIZIR) SIHEDOSER 2 RS 7 4
VY VAT TOIEIRD AT T v MV
S R KRS A S, 20, T OVRITIER
¥ x—7ThHb, K8allik, KFHETL— L
FEERAT LD 10km A OMWICH S S MHE
ShiERT. Thbh, LETL—-1 (74 VE
YT L— BRI L) OhrEidE
LIRS HMERMAEZRLTEY, M7 OHE
Wi C & 5N B GHEE L, X 8a THROBEM X
D RO, TIEEACEED S SR HE E I AT
TILH 5 B AR IR IR 3 50 B3R L
TS, 0S8 PMHEEIIE Ve/Vs b B IS
K &\ (Nakajima and Hasegawa, 2010), L7z
BoT, ZORVs, EBVe/VsDT 4 )Y Vil
L — bR, RCAb LA T T3 Y P VT
HoHEHEMEINS,

ZDMERCEbIE, 74V EVilET L — NS
DO TFIRARGHENIAE L5 L, EBE, 741
Y U7 L — AR ARAT R O bR 31 AT IC
BUAHANLHEREREICINE, 74V EVilES
L— FoRil=< ¥ FVERIIIERCEL L T B &
it ® SN Tw % (Suyehiro et al., 1996; Kami-
mura et al., 2002), 7z, PtE-<1 7 FiEHEIC
o TH A LIRS LT3 2 & D3
LNTEY, ZNLHIIEHCAET A TELVE LTHE
WALMEIC LHLOEK SN EEZ ST
% (Ishiietal., 1992). 74 V¥ Y ilEA 5 THiK
~ ¥V MVERG OMERCEALIE, AL 31 EEARE 220
T% L, PHH-<Y 7 FiEE IS - TR
ZoTVWBEDTHA),

ZDT 4 EVERT TR ¥ MVERS O
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Vs (km/s)

WA~ CIZI 9 S W B o i W 1 (Nakajima
and Hasegawa, 2010). S M ELZ 7 7 — A 7 —
VTART. BERIKRFETLV-TIBIO 74
V¥ Vi#lE7L— b LR E, BT
Al ZKEFOKBIEBEBOHPH. (o) Ok
FEVE E R 1987 AR T IR 5 v i 52 (M6.7)
DABLEABOERE ARLEBHIEE Thz
N7LV—MERTHRAELZEHEE SN S HME
Lz oo EZE.

Vertical cross-sections of S-wave velocity along
lines A through C (Nakajima and Hasegawa,
2010). S-wave velocity is shown by color scale.
Solid lines denote upper surfaces of PAC and
PHS plates, and broken lines indicate Moho
discontinuities of the two plates. Black bars
at the top of each figure show land area. The
star and white dots in (¢) denote mainshock
and aftershocks of 1987 Chiba-ken-Toho-oki
earthquake of M6.7. Open and black circles
denote interplate earthquakes and other types of
earthquake.

BEAEIE, EHRE T OMEIRENC A RITL
TWb X)) ThbD, 1987 £ T 3 TS5 b th 72
(M6.7) OREWREE, WAL OTRKIH S
(K 8a)o ©F 0, 1987 4ET-ZEIRH T b 1 Z 1L,
T4V EVHATTDH L, WMOKCALL 72
HIBIER % & DR LT, PERER 720 23k Aaik s
£ 918, MERCA LR O TERFICH > TR Z - 7243
negcho7z (K8b)o TbhH, 74VEY
WA T 7H%, Wi ORERCELIR & 2 OV DA MK
W& D 22ICRITHMEHEL T 5, 1921
EW - IFHE (M7.0) b, TOXHXLHRER
RKeEBOBBME (A6, 1978, 1975) L2 5,
FRRIC, ERCA IO VIR > TR I 5 7283
kg (X8b) LHEMIND, FEIDOREN LW
A%, 1950 4 T-HEWRA o g (M6.0) b, [
FRICHERCA LI O VR > TR Z 5 72 B TH
559 ThHb, 51T, BRAEOMERSED, 1921
AEFE o I BE O BRIFIRAT 3 T, IERCA LR o P %
Wi CHERICIZEL T D (7).

INSOBMEFEE, EEModk7L— k&
THEUMOKFEETL— kT TEoRMIC
WHRL I ETBT74 VBT L— D, 20
el CHPLE 2 T, MERCA IR ViR & B
LTl 2 DI T AR H#EITL TV S
EHEN S5, §74bbH, Okada and Kasahara
(1990) 248 L7274 U ¥ Vil A 5 7 HIRE D
RIFEHG OO EVFRL (GhAAAREN) 2L 5
AL, SREHEY  MUATE A Rl 5 ket
L7-1iER 5 & 2oL K %x 2P Twnihns
VMV L OBIRICHER L, 2 TOmBRE
JBELTH#EITLTWE EHNEINE, TZOFEN
A, 1921 4E # WG Hh 52 R 1987 4FT-JEIL U 5
WEOBTHIMER THLEEZOND, K9
i, ENEBEAMNISRLTH L. B, 74
VVlEAS 7RO E VIR L (hARAALEN)
i, BORUNELSHEE L7 4 )V ilET
L— b EEBBEREICBIT 2T XD EEIID H D
NTHY, BHA LSO HZEEEIIL, oM
T 0.89 ~ 1.07 cm/yr, W T 1.45 ~ 2.19 cm/yr
TH% (Kimura et al., 2007) .
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(QKFETL— P ERERE2S EJHIC10km BEN 72 ISR ) SIEEED A, SIEEZH I5— X 7r—
)V T7”7 (Nakajima and Hasegawa, 2010). 22?7 L — b O M RO THA TRY. €z fao
WARZ AR OTERE. € —F R— ) 1d 1921 48 » W iE (HAE, 1975; W3 I 1 1E 22, 1999) & 1987 4 T
# H 3 J5 9 # 72 (Okada and Kasahara, 1990) @ A /1 = X A, B3 1987 T IR = o £ 52, #
SENIL 1885 AE LI I MBI R CTHAE L7250 0 M7 s 5 (i 78 59 A& 0T 78 3 o A58, 2004). (b) 74 ) ¥ ¥
W7 V=1~ bVHNOMEOERS A (Nakajima and Hasegawa, 2010). KF# 7 L — + L85 f i © %
L7280 & L/AHE (Uchida et al., 2009) & AR FA MW g B MR 2 B HF G oA &I TRT. 1921 4% 7
WF i 7% & 1987 AE TR W MM ICMA T, 74V EVHETL—bPbDOT Y PVHNDAL4DODOHED X ) =
ALfESRY. REOIIE 1923 FEHHEHE DK 30 R A ICH A L7z M7.1 O &EO B (K4, 2003). ¢
V7 DO WERETH A 22K M & Okada and Kasahara (1990) 288§ L7294 2 I v 7 Fxy v 7.

(a) Map showing S-wave velocity distribution along a curved surface located 10 km above PAC slab (Nakajima
and Hasegawa, 2010). S-wave velocity is shown by color scale. The dashed pink line represents the approximate
location of the western boundary of the serpentinized mantle. Focal mechanisms of 1921 earthquake are
taken from (left) Katsumata et al. (1999) and (right) Ishibashi (1975), and focal mechanism of 1987 east
off Chiba earthquake is taken from Okada and Kasahara (1990). Black circles represent aftershocks of the
1987 earthquake. Red stars denote five M7-class earthquakes that have occurred in southern Kanto since 1885
(Earthquake Research Committee of Headquarters of Earthquake Research Promotion, 2004) . (b) Distribution of
seismicity in the mantle of PHS slab (Nakajima and Hasegawa, 2010). Small repeating earthquakes (Uchida et
al., 2009) and thrust-type earthquakes on the upper surface of the Pacific slab are plotted by light blue squares and
light blue circles, respectively. Also shown are focal mechanisms of four earthquakes in the mantle of PHS slab.
The purple circle denotes the epicenter of an aftershock (M7.1) of 1923 Kanto earthquake that occurred ~ 30 h
after the main shock (Takemura, 2003). The pink ellipse denotes a seismic gap pointed out by Okada and
Kasahara (1990).
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(Nakajima and Hasegawa, 2010). (a) 2 &
JLER, (b) 3WILHER. HEMERMBORE
F74VEVlET L PERFEETL- MO
HH Sk 3 B 77 ) & R T

Fig. 9 (a) Two-dimensional and (b) three-dimensional
schematics of serpentinized mantle within the
easternmost portion of PHS slab beneath Kanto
(Nakajima and Hasegawa, 2010). Light blue
and black arrows represent plate motion of
PHS and PAC slabs, respectively, relative to the
continental plate.

VII. GBEQTL—bk JtXTL—1b) AD
HRRRE THRET 2NERE

7L — b k7L — ) AOMREERTET
AT 5 NBEHRIZ, £ < OWE, BXZ£15km
BELVERCESTEET 2, T, Bk 5
CHESEL 2D, bIIR a2k <
BANLTHb, L7zoT, MEREROHES
OFRIE, FELLTRETHEINTVS, &9
25, WHEME T TR, WEBEOHEIEED
EEOTRHBHIERLS BoTWE L) THh b,

[ ananaan———n |
2 4 6 8 10 12 14 16 18 20 22 24 26
Cutoff depth of shallow seismicity (km)

10 HWERFEAEFBO FROES D454 (Omuralieva
etal.,2012). I T OMEIEEEO FROGE
EF#HhT—AT—NVTRY. 714 VEVET
L—=bFERFEETL—F LI OBES 2556
TRT. 22007 L— DA EZ 22D
FECTP A TART. BRI E.

Fig. 10 Distribution of cutoff depth of shallow seismi-
city (Omuralieva et al., 2012). Cutoff depth
of shallow seismicity beneath the land area is
shown by the color scale at the bottom. Depth
to the upper surface of subducting PAC and
PHS plates is shown by isodepth contours. The
contact zone between the two plates is enclosed
by two broken curves. Active faults are shown
by white lines.

10 1%, RIS ORE S O T RO M5
%7°% (Omuralieva et al., 2012), X7>5, #
B OB S O FRICIZMISIE L3 H Y, Kl
Mg TIRFTIICE S, KPFEHEDETES 2o Tw
5T ENbhb. ZD L) HHWIREAITMAZ T,
MCT 2 ROWMTHATRT AT 7 HfR 5
B LT, MR OES O TRAFITIIZE
TR ATT 5o 2, EBEMOBED 7L — b
N O MR O WA ELAS, B TR
WIZEERLTEBY, ZOZEi, ZTOHBOMK
Wik gt (B 2 1F, Furukawa, 1993; Tanaka
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etal.,2004) o b I NL, TORKND, £
DT T 4 ) ¥ VilET L — MRRER 25k
AIRI, EHIIZFNICE Ty MV 2y U
SOMBBHFTONLENOLTHEEEZBND,
MHE T T, EBRHoED7L— NS RIC
WhoweiffEsh s,

B 10121, W2 EHMTRLTH %, M
5, AT THEMIBOE LT oMEIRERO TR
D EDRFIINCEEL 72> TV B FIRNICALE S
BRIV e bbb, HEREROT
ROZES 2525 km £ ) HEWVEIBISAE T % DI,
Bi E WA IR B 2 B W AT DA TH Do Z
CTCTIRMEREEO TROESH 30 km FHEDH
D, BEMEORLZEET I, Tollr
SHICANZLELED 5,

VIII. HEETOME

WA ZEHEE AT (2004) 1%, ZORMEF
fili [HEE b 5 7 o MEGEI O RIEHE | 128
WT, HBE T 7o M8 REDHFEIZ DO W
T, KIEMBIHRME (M7.9RE) &, Z0¥H
FEA R A% 200 ~ 400 4, 5 30 dELLNDOFEE
EHENITIZT0~08%THY, Fi, JLHREIBEE
WL, ZOFHRARIEDS 2300 SEREE, 5%
B0 ELNDRAEMERELIIZIZT0% TH D L L
TA4VE VTV — b ENTHATE TV — M
RWETH 2R MEIL, 1923 /£ K IE R ME
O ORGBIFIK 90 EF 2 E 2 5 &, FEAMEER
FIOX) BENEE R, TEtEH F YL
1T,

—FT, TOMHEPEDO MTREOHEDS
% 30 AELNDFEAEFERT T0%REEL Lz, 2h
1, 1885 ~ 2004 D W12 M7 72 O # 5 H
BERSEBELTVEIENS, HEOEZ S
FERDBRT vy VBRIHE) & LTHIBLAMET
Y, B2 n ok i a2 wICwE
Vo 2011483 A 11 HIZIE, THADKFEET
DTV —ERT, M9.0 DEILIMMEIISE L
7275, COREKHER, B> SENI-Z L
DHIE THEIGE 2 IG5 IL S 72, BIHL S Db
FHEE D, ZOMBRICHEFIH S ho7. K

Jem R R O PAERM TS &, M3 L EoH
B ENBAHERRY TR L 20T, )
\ZM7 7 5 ZADHED A D Gutenberg-Richter
HICHED &35 &, FAEMERIT0%IET LD
1, 304FETIEAR L 4FELDNE DT & TH D (I,
2012), 727201, #EFELZHM LBICH V-
MEDFEFFRYVDEIFIRE W EIZERET S
WD 5o

51, HRBRSE (2004) &, HbEEERAAT
FEHEEA IR O BIIEHM % 20 ¢, HEHBIE T HED
WEMEETo/, IETRRLALIIE, FOk
T, KRB 74 V¥ 7L — | LT
T B M7 75 ADT L — MERMEOYE,
WHE 11T AL, BEEeH 112 kM E ]
Fibole TOXHIE, BEMENZDLDTH
{, QLU AT 2 ERERB¥ENTFRING
ZEND, SRAAIFETHLUPTDEHIC, K
ELENHIFLNTE

72720, HUEBERACHEZEHEAE AT o RWIEHM,
Wem SN LBRESM - BEMERELSTL— 1
DLAHRARIA S TIRELIZEEZ DS MTFE
JEOWEMBES D% L) B, TOREHEHN
LEHMLZLDOTH A, FHObLilh-725
ODOMBEDLIFEDT L TOWMBETH S h 7%
E, TOMEGPIE-EFD LAV oL EHF
nNTBH, SLLIMFETLELLTVS, F
7z, % (2007) 1, 5 0DMEMNEKMETH
BRHE L MERICKT v Y VBRTRI ST
W2 LT LIEEMRICHEND L & LT,

W Z TR A ZEHEEAR IR V) HUF 72 5 D DHGE
L, 1894 B A I (M7.0), 1895 4%
PRI AR (M7.2), 1921 SESIRILHEEE (G »
) HiE (M7.1),1922 FEiliEKE#E (M6.8),
1987 AET-RERFH M E (M6.7) TH b, Kfy
TRALZEHET O 7L — MBI,
INBED) BEOFEONIZOVTIE, ZTDOHEGH
LD XD EHRTE S,

VIZIZRL L7z & 912, 1987 4E T-3EI g5 it
2 (M6.7) & 1921 AEXRIEIAMH (&~ ) iR
M7.1) OD2oO0HER, 74VEVHEATTH
OWETHY, WAL LIZT74 )V EVBATT
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JGERASE DM OREKE 5755 L ks 2o
(G N S N (Y Y e =X | AN T I NI A o
ColMThECTH S LM TE S (Okada
and Kasahara, 1990; Nakajima and Hasegawa,
2010). 3512, Nakajima and Hasegawa (2010)
1Z, 1928 FERMEOREDH) LD 1> (M7.1)
A 1987 4ET-ZE WL AU i it 72 & (W) U Wb I T > 338
ThoWEEiEHL, 29 ThIUIEHM
B, TO2ERNCIEAE L2y i, BIHE
D 24 W BICHE LT MT.6 DIRKAE, Z0
G HEM I E L7 M7.1 O&ED, TL— Mg
L EBCA LRSI D TR O E/EH & L
THCTXxbE L7

1922 ‘EH B K EHE (M6.8) IZDWTiE, A
1 (1975) OBFFHREIIL L LERSBIE50
km THY, 74V EVHEATTHNTHALIZA
STNMEEEZOND (EFANIEHEAREE,
2004; #H¥F, 2007), ¥, Nakajima et al. (2011)
i, AR TORT 7HOIETY% FENRN, &
DOREFNFED T, ZoOMED, HEBEST X
NRYF 4 HEELTWB7ZDIZAT TR E
N7=51 -8R 0 IS CA LRt 2 484 L 72

WA AT ZEHEAE AT (1999) 12X % &, 1894
EPRE R (M7.0) IZRKFER S THTRE
L7225 7THHELEZ LNTWA, k-
(2007) &, BESMMYIal—Yaryrb, &
DOHEZXT7 4V VAT THOEE 50 km FE
JETHELA T THME, b LIRKFERT
TEHRO 7L — MERMELHEE Lz, 1895 4F
KRR (M7.2) (&, HUERAMIEIEEA
i (2004) X BE, 74V VBT L — bR
HHVIIKFEETL— N EHOT L — MR MR
THHAH) L LTwD, —J, W (2007) &, #%
EORBEICHARTHEERMBANKRENZ LS, K
FHEAT THOMEBETH A ) EHfEiE L7z, wTh
IZLThH, ShooHiEE, mhe bEVHIET
HrLEZOLND,

D bEo X S5z, MEiitmfseitEt AR X 28
HE T RO RMFHEICH S 5 DD HE
3, N 74V VAT THADLVITZENLL
DIEWHIETH L EEZ BN, —J7, Hdephf

£ (2004) THEE LB oOMmE L3,
T4V VT L — b EROT L — MERMET
HY, TOBENIHEDTELALIRL THLL
Ehdbb, bbAHA, TRPIKESHE (2004) 254
ELLEO9 74V EYEBESL— LRO T L —
MEERHEEDS, AT HWEEEA RV E v ) b
TRV, &I, TTICVETHEBLAZLY
(2, A 140 AL X ) WAl o FHIE T, R
XYMV oy VIIEREILLTE LT, 2D,
AR CIE 7 4 VE Vil L — L B
FL—bFEDEHELTVBLENVS, GPS F—%
WCED WM ED H 2 (Nishimura et al.,
2007) DT, ZTOMIHIZOWVWTIE, FL— MEE
FRHROWEEZZEZ TBIRETHA I,

IX. $bH1)I(C

HHETICE, KPFEF V- 710 Vil
TL—=1 D200 7L — FHPLAAR, L\
FT22o07L— M MIFELTWVWDE, 2D ED,
HIWBETORNRZMBHRESZIZEI L T2,
TAVEYHET L= I PEFTORFETL— M
BLT »rdbET LEREICESsTWST
O, KFEETL—=IB< Y by U905k
ENLONPWGTFONE, £z, 74V VTS
L— ME, HHBE TSP A A TRl o/ 7 I B
5L EIL, KFETL— IR ZEOTIZkAAL,
FDzD, 74 ) EVHETL— N ORI G
RENTIRETEHMETISET S, TD2200
ALY, HHARE T, BT L—F, FOT
kAR 2007 L= OWVTNEDS, 12D
L — b Asih A ATl H Ok A AR AT
JEAMEVIRTEIZ 22 5 T W B, HFEASTEA§ 2 #i P
FEELTREICHESNSOT, HHBETHE
T55005 4 7OMEE, wIhd, ZOWH
SOTWRPMWE OLAAM LY BHFIZHR G, T
bbb, HMELZEI LE5HH, HERERE,
ZhEh, BEOYLAE XL VIEBETIEIz>Tw
bo XHIZ, 74V EVHETL— ML, BEIE
T 5 U, KRPETL— DA RAIZELD,
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