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The very dense and well-covered ray-paths from the many earthquake clusters recorded by
portable seismic stations provide us excellent opportunities to image detailed crustal structures
and to determine hypocenters and stress field with high-accuracy within the seismogenic zone.
Based on these high-resolution images, I here review roles of crustal fluids on earthquake gen-
erations, in terms of, 1) inland large earthquakes, 2) slow slips along the subduction zone
boundary, 3) non-volcanic swarms. The presence of crustal fluids in source regions of the inland
large earthquakes is expected to weaken the crustal material, causing local contractive defor-
mation of the crust. Stress loading through the weak crust reactivates pre-existing weak faults
within ancient rift systems, leading to devastating intraplate earthquakes in northeast Japan.
Recent studies of slow earthquakes point to the involvement of high pore fluid pressures near
the plate boundary in the occurrence of slow earthquakes. In Tokai region, it has been revealed
that combination of dehydration fluids with heterogeneous fluid transport properties in the
overlying fore-arc plate generates variations of fluid pressures along the downgoing plate
boundary, which in turn controls the occurrence of slow earthquakes along the plate boundary.
Beneath the non-volcanic seismic swarm region in Wakayama district, presence of crustal fluids
has been demonstrated based on slow velocity and high conductive anomalies. Crustal fluids de-
hydrated from the subducting oceanic crust could infiltrate into the mantle wedge and crust,
leading up to the intensive non-volcanic seismic swarm.
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R FEA & MR & OB O W TIE, RIS
blzo THEMPBI b TE7 (eg., Mogi, 1989;
Hainzl and Fischer, 2002; Miller et al., 2004; Vidale
et al., 2006), L2L7Aad 5, HEREMANED XS %
AN AL THEEZEL TWE0%, &) RS
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HECld st bl B 2 fF B LT, 3IEY T vS
A DZHFERIE T — Z AR ENTB Y, HISHEN
BoE=%") yIHfrbhTwb (eg., Okada et al.,
2004; Obara et al., 2005), Liio> 5w BRI O
M EIEN20~30km TH D, ¥ =F 12— F

(M) THEORFHOKE SITHMA—KT 5, HiE
SEMOMTHE ST 572011, HABELH
WHER NES S 74— v FEIARTDH B
BL, HEENEZ T 7 1 —OZEMBMEE ZBH MO
REERETHARIR SR, 0T, EFMEBNED
TF—YOHREMHTZMRY, 20km BEDOK X X2
I L 72 ANE B G LR 5 2 ESTE v, RIC
KEES5km OMBRBAROBWPHFLEL Tz LT
b, FOHIERZMHEID L L IZHEZRETH B,
72, BESAIZOWTHFEMKIZ, ARSI TV 2RI
Hyuy (KT o LU ER) OMEIIE km
DIRENRE BRI FFIC, RSB BB
WCIRZDRENHETH S (eg, Sakai et al.,
2005), X0 ZERHEEOB VI THEZED A A -2
TR ENGEE IR A R HEE T B 72 TIE, EHB
OB ZHHS 5 &9 (RS E 2 a2 B 2 5 L
TWIET— 5 2 WG T LB H 5,

WEAE, /NBLCRRIE AYEE 5 7 Tl 2 1) b 72 R0 2 1 S Bl
BEN, Br AP PEMIbEoTH YT V7R
W £1100~200 Hz THEZIHE BE 0 15 v 3 5 L A3 1] 58
Loz, fiSMMBEEHIZEMmS /Ny 7 — THE)
T 5729, FEHEROZWILERTH Bz HETH
b0 INLOMBHRMBERIZHHEICERT LI L
T, PR O 22 BRI AYEL km ~ & TRBEIG 2B N
L, HHEIBOBEED A X =V HOR5 X))
o TE ARITIE, FHEOWIES IV — T 05F N
L 72 W0 R R B © 1% S N7 B 2R IR 2 rpui g,
1) WREHE & MR, 2) wo < DY & Mkt
&, 3) JEKILPERESS MR & HIBRAK, D3> DBl
7 B HUBR TR AT B 8 AL AR I SR 7 NS D W TR
i L 72w,
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HARMHGR IS - T, MWL 7 — & i B 2
HFHEICLY) OTARETHFOFENRE SN TS
(Sagiya et al., 2000; Okamura et al., 2007); DV
T AEPE N TIE, 196448 Tk #5822 19834F H A
PR 22 SO T R TR E B E P LT
ETHHAITRNZ EDEHEN TS (Sagiya et

al., 2000), ZOVF AEPFITHIE T 2 ol
T, 20044F H7 8 I i Hh 52 & 200745 7 8 R ol i it
EMNELHEE F30km) TH RV TIRHAEL L
(Fig. 1)o BEOWMEI VL —FI2LY, 20DHET
ARICERE L AEBIMESER ST, ool
T—8 BRIz — 7SIz AT bz (eg,
Kato et al., 2005, Matsumoto et al., 2005; Okada et
al., 2005; Kato et al., 2006, 2008a, 2009, 2010a) . <
OFER, R R RO I, MRS
DALHEEREDIE C HRE L TV B 2 EAVRE NIz, FD
EEE R O TN IE, FRoTH WIS (30 Ma) (2
Y S 2 BHEARIAE L, BBRIIRNE B o il
W E I HERR S OJE A AR AT TR A IZH L 2 D),
HERE G M DR\ A8 9 B S I T I o> — 38 T 582k
L7722 &S 2% - 72 (Sato and Kato, 2005;
Kato et al., 2006, 2009) .
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Fig.1 Map of areas focused in this article with fo-
cal mechanisms of recent large inland earth-
quakes. Red triangles and lines denote loca-
tions of active volcanoes and active faults.
Yellow shade is the Niigata-Kobe Tectonic
Zone (NKTZ) derived from GPS network
(Sagiya, 2000).
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Fig.2 Depth sections of the P-wave velocity (V)
model along W35N-E35S lines in the source
regions of the 2004 Niigata Chuetsu and
2007 Niigata Chuetsu-Oki earthquakes
(Kato et al., 2009). Relocated aftershocks
(gray circles) distributed within+2.5 km of
each line are superimposed. From NE to
SW; (A) Y=10 km, (B) Y=5 km, (C) Y=0
km, (D) Y=-5 km, (E) Y=-10 km.
Masked areas correspond to low model reso-
lution. White curves denote iso-velocity con-
tours of V,=5.7 km/s (top of the basement),
and white broken lines show faults sug-
gested from aftershock streaks, top surface
geometries of the basement, or velocity
changes within the basement. DCT means
the deep central trough. Blue and red ar-
rows at the top of each section correspond to
surface locations of the Shibata-Koide Tec-
tonic Line (SKTL) and the coast line. Mo-
ment tensor solutions for the 2004 and 2007
Niigata earthquakes (NIED) are shown us-
ing a lower hemisphere projection rotated
into the plane of the section.

THY, HRMESZOREGEEIE 7Ty 7557, H
L, BEOMBEE ETRELLZEEZZIONE, bk
12, M LmoRBIRO AT v TR, bRz
FUROF RS CHEM S N7 BREEREBRINC X V&
WEICA A=V vy 78N TBY Kato et al,
2010a), A EH O XA T v THE L RRIGH & 12
MW RSN S,

RO RFI L ) MO RMFEFICAS &, 3
oo PR EL %Y, HEMEOE S 28 km (3
El#ET %M (DCTZ in Figs. 2 and 3) 2%, Wil
MRz b 7z TRBNICERET S (Kato et al.,
2009)c L720> T, ZO&EMIEHARELKEH- 72
)7 MO TH o 7RSI O N D, EHo
PRI, HEEao Bz kb, £, WK
ERlO 7Ty 7 HEED LR E Y, FEifhEE
Tt o TR A O B IR £ 1L 7 2 0%
WY Tz, HEMHMEOERFIR T, ALY
oM, LRI OSBRSS TR 4 IZFEL, R
WM PSR S5 km L& < &5 (Fig. 2A), Wik
MRS E R O B R RELEAR L, ALVEER O W E 1
EEL ST, B2 SHEREROMEMICTED
BoWEMEARH s N TE Y (Kato et al., 2008a;
Takenaka et al., 2009; Aochi and Kato 2010), ZEil
FE 45 O A VGG O S A 3 S By B AR | B A
AW E Z 5N D,

HRR R & BT LR O RS A OE L LT, 50
~60F O A B L 72 AL W E S o SR O FFAE
BETOND, hBHT T, BKEEHIREE
NICHAT 5720, T0O X9 REAEICERL 72kE
2 BE)A 9720120, BIEIIFEZ LD & Wi b O
WEEE T3 04N H 5 (Kato et al., 2006; Sibson,
2007) . WREIEE % TIF 57201213, BIERAESLH T
WM EOHGANLELE 257259, 2F 0, WiEh
AR 3R s,

Mg E B o M S, HAREIL K (~15
Ma) BB SN72) 7 MEEE T2 0L E 2
b5 (Sato, 1994)., U 7 MEEMICIE, FIEISH
Bl & o THEBOIER RS ER S, 0%, 0V
7 PO EEBIE SRR ESRE D D, ) 7 M
W R AL L, #93 Ma 2S5 [ 2 5 F
fa~Eb % Z & TIEMTEASHME & L CHGE) %
CLTWwBE (AN —YaryFrb=sR) LHEES
Nb, DEXb, dilihiEe hmbEossEs, v
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Fig.3 Low velocity zones in the deep crust and three-dimensional perspective
views of active tectonics in the Chuetsu area. (A) Map views of V, struc-
tures at 15 km depth. Yellow and white stars denote hypocenters of the
2004 and 2007 mainshocks. Major active faults are drawn as white lines. A
broken line indicates the SKTL (Kato et al., 2009). (B) Topography, over
which active faults are drawn as solid lines. The broken line indicates the
SKTL. (C) Perspective image of the top of the basement (depth to V,=5.7
km/s) with interpretations. Dominant reactivated normal faults are drawn
as broken lines with arrows showing slip directions during compressional
inversion. Red arrows indicate the inferred direction of the regional maxi-

mum stress g;.

L7+ % 2 6N,
BEAEOIEWTE % FiGE) S & % 720121, ZokE~
DS ERRBEDS VIR R TH Do <L HIFIIC
S VEIEAH -7 LTH, WiEZ2B»TEETH
BIGHPER LR WERD, HWEEOTRY) 25| X2z
FTILEINETHS 9. NEEHEOIR)ERER I
T5EFNELT, Lioetal. (2002) 12L&V, HIER
AT ORI R TX) EFTARB I T
%, Katoet al. (2009) 12X 5 &, il - dhilkap
B OB FIRE T O S15km FREICH AL L 22K
HEAR (Vp=6.1~6.3km/s) DFFET 5 2 & HYHRHH
SN TWw5 (Fig. 3A), B E OB O T ERIC
13, BRAFWRHEICL Y ZoEERICBBE—
T AMBEEMEEA X -V TFERTWwED
(Uyeshima et al., 2005). f%#pE, H-o, {KHIEHT
EVI) S, BRI TR L 72 gt ik s
HETDEBRT 200805 L wEEbhs,
PR R IR T HGSRARDEAE T 5 &, ZIMED
JEPAE Y T4 %728 (Carter and Tsenn, 1987;
Kato et al., 2003), ZEARALT %0 Z OHsIREH
DAL L7ZETRIC LY, 20 REICAEST 2 7 +
WO ~DIS R AEL S Z B TFHER

o ZHUITED, VT PNOBAFRIEAFIEE L, T
AR - PRI RS L & v ) BRI TV
#%z b1 b (Figs. 3B and 3C), B, HARWEILARE
B S N72@E D) 7 Mg Ik 2 A8 B
A3, BEOMFEFEA - MBI ISR LTl % )
LTV A HIERTREFHTHS (Kato et al.,
2009)

9ZB%, Shibazaki and Kato (2012) %, P s
HEE D O BRI O RO AN E A 2 e L, B
flEY I 2L =33 PI2X ) FRMEE - il R SE AR
OEHHAZHAATVLE, 2OTYI2lb—Ta vilLsb
&, AR 2R THEBIC B R T 5720, £0
JHRCTHIEEBAE LB 2 EAVRENTE Y, Hiko
EMENE TV OBAERN 2 3L ISR 5. LA Lads
5, BEHO—IOMENE OB % Flak T & v &Y
HEIREAVPERENTEBY, SBOBETH L, £
72, BAMWBEAHWRZABNES 774128, B
B & 0 REBICAE T B TR S R~ v by
AT ThH, HEREEVREEREI R I N TY
% (Nakajima and Hasegawa, 2008), =115 OfKi#
FEREIL, BIUSE T CH S M- iAo R ¢
HENH LN,
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FREIZ, 20074FRE2 P RHEORIFIHIZB VT
(Fig. 1), #Z0V 7 ME@EICHER T EEZ O
LMWTHEENA A=V 78N TW5D (Kato et al.,
2008a) » AN O B JE THI 1 G} A HI60 BE & 20044F Bk
WELAMKICEAEZETH Y, HHEED R EAHED
T OBFAHEICAE T B TEE O EE I IR
JE YT 5 JE S B km o BHRE 7 K g AN AE S
%o TNOHOREED, HARMWIEKICHEE LY 7 M
EHEDIDEEZEZ SN D, S HITHERENC &IT,
REOERE FIIAKEE, Ho, KHEEPuz ke L
THBAHT S, HURTARDAFAE L TV B 2 L ATRIE
&b (Kato et al., 2008b; Yoshimura et al.,
2008) . REDWILT — 5 7 L BFIHOIE 1Y % e
L72RICEDE, BI0~4km IZBWVWTIEM TR
A TOHBNRETH 5 A, B E6km DR TSR
gy 4 TF~NEET S (Katoet al., 2011) 0 DI
WORSEAEHNAT L2 -20EUNEZETVE L
T, WEBEREOE FIIBUY 5 mERKOIEIE D
ELTEFLND (Fig.4). ZOBEBEREKOFENIC
0, EFMRERS AL LTS (v Vi
RPN ob™ (AT SEARE), e i it
71 (o) ANELBTIZWA L, #IH TS %,
CORPVERDOBRIEMNMICELY, BTNIAL THhD
Wi 5 4 T ORI ORE S B HTTE 5, L
b2, miidis & FERC, HERFEAAROERICL DB

Slip direction

Depth

Fluids

Fig.4 Schematic image of the depth variations in
the stress field and a hypothetical fluid res-
ervoir beneath the mainshock hypocenter
(yellow star) in the 2007 Noto Hanto earth-
quake (Kato et al., 2011). The lengths of vec-
tors are scaled to the magnitudes of the
principal stresses that they represent. The
fault plane is shown as a shaded, inclined
surface. Red arrows, slip directions derived
from a finite source model [Ozawa et al.,
2008].

2:0) 7 M REEPNCER S N2 AR SR B L 7
B, 20074 ERBLEMENE L LN TE S,

FAbHF ORI BT, 20034E & 3 I AL
HER2008FE 5 F - HHNEMECHEIN- L)
(2, AARHEILKFFICER SN7z8E0) 7 Mg
WE & E 2 SNDIFE R MEEEHA L7 (Kato et
al., 2006; Okada et al., 2007), 7z, TN 5DHEE
WD E IR O ME T X20~30 km (2K 34 K377
5 EDEHEN TS (Okada et al., 2010)
NSO T EH N OEHERD 54 & i TE
U % BIGENH & DA I IZ 2RI B VB AR
Nz (Fig.5)o 72, TN OHOMBIHEH ICHIG L
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Fig.5 Comparison of the spatial distribution of
shallow seismicity and lower crustal struc-
ture in the focal area of the 2008 Iwate-
Miyagi Nairiku earthquake (Okada et al.,
2010). (a) Epicenter of shallow seismicity
(depth<45 km) is denoted by a small cross.
The blue rectangle shows the horizontal pro-
jection of the plausible fault of the earth-
quake with amagnitude>5.5 (bold line de-
notes the shallower edge of the fault). The
aftershocks of these earthquakes are shown
by small gray crosses (Umino et al., 2000).
Red triangles and bold red lines (boxes) de-
note quaternary volcanoes and active faults,
respectively. White star and small circles
denote the mainshock and the aftershocks of
the 2008 earthquake, respectively. (b) Vs
perturbation at a depth of 24 km. The white
cross denotes the low-frequency micro-
earthquakes.
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T, W - IS EADOERBIRE ST
W5 (e.g., Hasegawa et al., 2009) . ZEFIRE IR
SNTAREEARZ, ARG KFFER T 79SS
NTER L akifith (20 bRkE) (s d 5 &
EZONbD, 0L HHREARIHALH T OF RIS
FLE S B KILANTIHR S b L FEERIZ, Kil7 o
v M &Y BRI AL E § 2 ML R O B IEE T~
LK SN T3 (Nakajima and Hasegawa, 2003,
Hasegawa et al., 2009) L72%%5 T, HuBiifkasd
7o b T HIBRIMOGHLIZ X D, EEHEICRATN L E
HOERPEL, TOMAE L TIHH % WEIGE) A5
RIGEZ T L LFREND, FEHHRDO DT HER
TAZALE T 2 BRI IS B W T, BRROE T
\AGHE RO FAEDTRIE ST\ (Nakajima et al.,
2010), TN 5 OHGRTA ORI, FFHEH AR
DHRAHALT 1) EVilET L — b SRS Mz
KT ZwhrEMI N TS (Nakajima and
Hasegawa, 2007) o

Vo X912, Mz & 2 HgiaEsso /T 7
LSS 72 5 TAWE LA, R NICHAES
B AW e LTIy g &R L, WHEHE
DFEAICHEGLTWD LEZ b5, Mz NRE
WRDOFEEIZE LIS ERGEE D 2 H > T 20
FEED W (e.g., Kato et al., 2009; Hasegawa et al.,
2009)

3. o VMER EHFRTRE

Wo < DR &, EE O MR A CRE S
Wol DEELIBHREDZ L TH D, HE, AT
THBEH SRR HE - M2 BBl oREsC
L0, Rho SV — FERE EIZBNT, oKD
WEIHA LS N, ZOERPELITHS I
o> TC&ETW5 (eg., Dragert et al., 2001; Obara,
2002; Obara et al., 2004; Ito et al., 2007; Peng and
Gomberg, 2010). $FiZ, REPEEBEMENL, HAD
Hinet Blll#dDO 7 — % 232 2 L THA I N
HRTHY (Obara, 2002), ZOWFEHIFIZE VT
TS 2 S8 LT B0 sl o HEE o ik foe IR ] 13 52
E—RX Y POZGO—FITIHBIT B05, ®o D HLEE
OREBERFENIIHE T — 2~ bO—IFIZILB L THINY
5 EW) B E SN TWS (Ide et al., 2007),
Bz, REBCE D ME - R (M 1~2) TR E
B, RIEAR B HE M 3~4) 2200,
Mawo< Digh (M55~6) I HMEE, E¥K

®o K DY (M6~7) 1THUFFEEE DMK L ] 2
3%, ThHNELIE, 7L— MR Eo 5
WORETROFAOBRW LT L— Ay T) v
FTERFMTLEITRYVPFFLEEZEZOLNTVWS, /2, &
O OPREARE B E) - REHERL WS> < DIFH O
ST, HEEETE RN OB R BRI E & o B A4
ENTw5 (e.g., Kodairaetal.,, 2004; Shelly et al.,
2006; Liu and Rice, 2007; Audetetal., 2009; Song et
al., 2009). WEVEIBOMEIFEERRR, HFFDHh A
T4 TRARARGTELL® - DY IICHET
HUEEEMRIE, K7V Y HPEVRRE AT 5. 3§
ST WG B, WY AB R KK OERR R &0
WIS EALTORRE I NLIHRTH D (e.g., Mi-
yazawa and Mori, 2005; Miyazawa and Brodsky,
2008; Nakata et al., 2008; Ide, 2010), W- < VgD
AV & TV 3 FIROTREE DD THY <, HIBRAKEAIE
FIHWIERTHEIN TS, L2ALENDL, Wit
PEH N O 1 BRI D IR AR TR D53 A %2, 2D
RIS T 24 OALIIMOENTEY, wo< DL
AT B BFEOYIT L %o TV D,

Kato et al. (2010b) (&, HiffhiE O [EA5 IR A
SR > < Y # Y Ik & GREVCRE BB & Ak TS
% EAIROWHRIZ BT, =B R 2 Wk 3 SR B i %
BELAE Fig. Do Ly —N—HEMEN»S, bak
& o M A8 0> BT & T I & ROV B AN e T
A%, ALPE T IICAR A B (R15E) ISR L Twa Z
EMBHBEICR SN (Fig.6B). & 512, B EH28
km (2, BEOERMEIIIGT 5 A BB DAL,
M O LT & BT 5. LAA TSN O
MR ARG\ ZTEH LT AL &, L,
YIRIAHERE - SR T Y Vb (Vp/Vs [b) ofEFHL 72
e LR ONG, $72, #HERT - mA7Y
YHOREORE SIZWESHIIZALT LI E0D
TREh7z (Figs.6B~6D), BlL, EHHW-< D
WOIZELE— XY MEREOR S KE HHETIH,
WEFEVE RSN (B R GHEE - SR T Y Vo RIS
PHND, ZOREWOMBEIAEEL, WEEOWENE
W DOEEEZHRTHREIKT %, ENERTHS
N7k REREOWME/REESHEICT B L

(Christensen, 1984; Peacock et al., 2011), Z D%
BAZEERE, b L EKREOTRKROFEAEIRILE S
N3, ZOFIIIILARALZTRKIZE A PZHEEOLT
5, HIHEEESLS (Kodaira et al., 2004) 12X 5T
BRI TV, RN K DIFY FBEBOR T T
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Depth sections of seismic velocities and re-
ceiver functions beneath the linear seismic
array in Tokai district (Kato et al., 2010b).
(A) Profile of slip rate of the long-term slow
slip event (LTSS) with histograms of LFEs
determined by JMA near the section from
2001 to 2008 (gray bars). (B) P-wave velocity
perturbation 6 V,/V,. (C) S-wave velocity per-
turbation 0 VJ/V.. (D) V/V, ratio. (E) Receiver
function results. Relocated hypocenters are
plotted for events within 10 km of each cross
-section indicating regular earthquakes
(Gray circles are relocated earthquakes ob-
served by the linear array. Crosses repre-
sent earthquakes from 2003 to 2007 relo-
cated in the final velocity model) and red
stars indicating low-frequency earthquakes
(LFEs). Gray-masked areas represent re-
gions of poor resolution. Our interpretation
of seismic structure is superimposed on each
section. The contours of the subducting oce-
anic crust are drawn based on the receiver
function image. SBG: Sanbagawa metamor-
phic belt, NSM: Northern Shimanto accre-
tionary complex, SSM: Southern Shimanto
accretionary complex.
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WHLEE DTGB, ORISR THRO KL, &
HERAORBIZE2bDLEZ LML, EHIZ, ZO
IO _FICAE T 5 _ESEP O H T ERIC IR 2
HEERDAET Do T OFEBERONHITII N EE
BEEALREL TV RV, —DDORE LT, 0
AR O B E AR R TR A LIS vk
HE2AL, MmN oBsEfRks > — V¥ 5
Frv 7 -0y 7 LTOREERZLTVINDL
Nz,

M@ - < DB LT, XD REBICAiE S
DARSE Y TR - IR TR, R MR P A -
BART Y Y HORFEWAMKIIE LTHIET 2 D00,
HEORESEMW® > D\ IBTR SN REIC
WARTHSNIKT 35 (Figs. 6B~6D). ZNFEk
THONIZRT V¥ O FARTEARA T % 7R U 72358 4
RizH#o L (Peacock et al., 2011), FAKEDSHA
THERT Y VL TRAZ ERHEINTW S,
XoT, COHEMBEORIEAE, BHAE M
= MENEIC B O TR N ORAEOET, b
L, MAREOMITRETCVL I LE2ERT %,
COEKE LT, RN OEERKD A,
PRI D % - ol LICET A< Y ML -
Ty VANRBNTWAIENEZOND, FERE, <
VIV ey oy YNOMEREE L, v HiES
ARTHBIENEZ R L, #EEEbD S RN 20
I & o THUE E OIERCE LT L T b L PHE
Nbo, ¥¥ MV -7z y TNOFN 7 Mo 1 %
AT 5 L, PIRAMET.2km/s, S 9% 134.0 km/s
L b BNERTH S - mimBes 7 v F I
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Fig. 7 Schematic interpretations of seismic structures in Tokai district
(Kato et al., 2010b). Fluid pressures P: within the subducting oce-
anic crust are color coded to magnitude. Green arrows denote po-
tential fluid pathways in the subduction zone.
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Velocity structures and the schematic interpretations of a non-

volcanic swarm area in Wakayama district (Kato et al., 2010c). (A)
Depth sections of the velocity models of V, and V,/V.. Relocated
earthquakes (gray circles) distributed within + 1.5 km of the section
are superimposed. Masked areas marked by gray color correspond to
low model resolution. White broken lines outline the prominent high
-velocity body. (B) Schematic interpretations. Circulating hydrother-
mal fluids and fluid pressure fluctuations, driven by the thermal
anomaly of the solidified diorite, trigger the seismic swarm.

ETIKINPEREISHE D FAE L T B & v ) IR
HaEh7- (Fig. 8B),

L2 L7225, FkiL#bigo Hisi&ils S ik Ak e
TAVE VTV — MIEL KBRS RS
TWwih o7z, Katoet al. (2012) &, FIEkiliHig %
BEWF 9 % & S4990 km O m AL IR 1 125 B 2 Hh R
BT VA RERL, MR 5 AT T2 5 ik
WERDA A=V v 7 RiRATz. TORE, FFl b
DO EEHNIIRE S10km PLEICHLE L, WEIRARE
DT RANE B O H Ui TIEARBER I LR TEL % B
FIZMIROIEIRZ RS EDBWA SR o 72, WEFR
AR O YRIEBIE RV B e K AR L, Mk
TEECRBEERT,  OMHEERO A L E5
FEK IR S MR O 504 & DRI, BN 221 72
IS ERATR 5N 5, 20094F B 12 32 56 A4 3k o 1 &
THUS S Nz HkyifgE (RIS - i, BfE) 23#H1
T5E, ZOMMEERITHBNOTRKTD 5 EENEDS
B L72do T, MERESOREIMERRICAAET
5 W AR7S, FEXILVERE R O Fs A & B e B
WhHbHIEVBHLNE R ST,

LB ER ORISR O M FETD, hARE 2
I TR ENTHARE Z 2 5 B IREERD A
A=V v r7ENTz, ZOMEERIE, RN
B IRE RS, TOMEMERD, BRI

72 i (Umeda et al., 2008) 25412 5 &,
SRS LTB Y, hAaAE R T 72 551
HWADOFREAE D EIT L TWBE I L2 ERT 5, 20
X BILABRL AT Th S LN LR E R TK
BRI, BEHIRO PR ER O T H RS
Twb (Figs.6and 7) (Kato et al., 2010b), ¥ 72,
Za2a—Y—=5 Y FOMEBETY, AT 7THROHBRGMAE
% FT R BB ORI RE I F T2 ST
W% (Wannamaker et al, 2009) o A 5 77 bR X
N7 TARD FEENNEAT D 2 & T, LARARTTOH
HIEBRO—7T a2 EH-T0WDLEEZHBND,

F 7z, ML 2 kAt 7 4 ) ¥ Vil
7L — b ORI A A =T Y 3N,
IR LTS [ 52 » C, M5 D TL AR A B
WAIEMIIR D, 3510, KRR R
& LTHZ B E, AR (RS
45~55km) T, M#ERENZEILT 5, LARARIZE
b 7% 9 W EEE S O WAL, EETE BN O XK
EHFBRERERICE Y70y x4 MELTWE S
L BT 5 (eg., Fukaoet al., 1983), —7F, FED
EARMIIHRMBEREROH R TIHELITEL R, <
IV Ty VEETAMKE b, DX B
B, AT T4 TURARRARHFDOI Y MV -T2y T
THYHEEINTED, vV MV Ty VOMHEEA



200 oo EORER

EHEIETL0E LNk, 72720, midoR T
1, BEOEREDHEEBFRO LT b ->THY,
XYMV Ty YOMWE AL & BT ) B
RIEWETH S (Kato et al., 2010b) -

5. XEHESEDERE

ARHTIX, FHEOWIET IV — THER L BT
R BUN TG S N7 B R R O b T RE 3 & S,
1) MBI & MR, 2) wo < DY & MR
&, 3) JEKILPERESS MR & MR AR, D3> D@l
A5 WERAR & MRS A L OBEIZ oW TR, F
NENELLT 7 N7 AZBPN-HEIZHBEHL S
T, CoOHIC b B LT, WEERIROGEAE R RIET
HHBRHEDORENR SN, BlD, PEEME - X
INPEREFE B 7 > 58 A 8 T LI FR S AR TR IR IR IS B T,
Wo K WHEORAR CIRBBEEBRP~ Y ML -
7 x oy VI, HEBRAAIEE L T B RS <,
WiE - WBRIEEOREICFEG L TWAHEEZ LN,
201 14E UL 5 REEE P s B S A 2101, HAYI S
OB THERMEBIRAE L2, DX ) RFEHHMED
FEACK L COHRRAOBE G RBEIhTWw D
(Tong et al., 2012; Kato et al., 2013) =D & 9 12,
AR DS H RIS A BRI L CEE & E 24 5 T
WL EVWIHIRFIIZLRERDNSL, LHALEHS, H
RTIIAREERE - AP & ) 1EHZ T2 D ST
s 2 EMICER LTV B IZEX v, HTIZHD
AOAMOSMR, MBRKOBEL - BT EE Vo R0
HHLFHLC, WhoR - 454 - BESO LV ER
2R BT HE NP0 ETH L, S5, HIRT
B IS & AR & DRI B oW T O
ICHE STV A EDMETH L, 51, HEBD)
RUARIE DR Z oM 2 LT, Hudintk & Wik
JEFY & R0 7 k) S BIAR VB 1S E AR o 7o BFZE AR A
RV THA I,

B

BRI, BRoOZGE EHEERICE, ARHE
PET LI L TRERE R XA P2THE T L,
IR LTEHELET,

51 A 3 &

Aochi, H. and Kato, A. (2010) Dynamic rupture of cross-
cutting faults: Possible rupture process of the 2007 Mw
6.6 Niigata-Ken Chuetsu-Oki earthquake. Journal of

Geophysical Research, 115, B05310, doi: 10.1029/2009 JB
006556.

Audet, P., Bostock, M. G., Christensen, N. I. and Peacock, S.
M. (2009) Seismic evidence for overpressured subducted
oceanic crust and megathrust fault sealing. Nature, 457,
76-178.

Bostock, M. G., Hyndman, R. D., Rondenay, S. and Peacock,
S. M. (2002) An inverted continental Moho and serpenti-
nization of the forearc mantle. Nature, 417, 536-538, doi:
10.1038/417536a.

Carter, N. L. and Tsenn, M. C. (1987) Flow properties of con-
tinental lithosphere. Tectonophysics, 136, 27-63.

Christensen, N. I. (1984) Pore pressure and oceanic crustal
seismic structure. Geophysical Journal of the Royal As-
tronomical Societ, 79, 411-423.

Christensen, N. 1. (2004) Serpentinites, Peridotites, and Seis-
mology. International Geology Revie, 46, 795-816, doi:
10.2747/0020-6814.46.9.795

DeShon, H. R. and Schwartz, S. Y. (2004) Evidence for ser-
pentinization of theforearc mantle wedge along the Ni-
coya Peninsula, Costa Rica. Geophysical Research Let-
ters, 31, 121611, doi: 10.1029/2004 GL021179.

Dragert, H., Wang, K. and James, T. S. (2001) A silent slip
event on the deeper Cascadia subduction interface. Sci-
ence, 292, 1525-1528, doi: 10.1126/science.1060152.

Fukao, Y., Hori, S. and Ukawa, M. (1983) A seismological con-
straint on the depth of thebasalt-eclogite transition in a
subducting oceanic crust. Nature, 303, 413-415.

Hainzl, S. and Fischer, T. (2002) Indications for a succes-
sively triggered rupture growth underlying the 2000
earthquake swarm in Vogtland/NW Bohemia. Journal of
Geophysical Research, 107(B12), 2338, doi: 10.1029/2002
JB001865.

Hasegawa, A., Nakajima, J., Uchida, N., Okada, T., Zhao, D.,
Matsuzawa, T. and Umino, N. (2009) Plate subduction,
and generation of earthquakes and magmas in Japan as
inferred from seismic observations: An overview. Gond-
wana Research, 16, 370—400.

Ide, S., Beroza, G. C., Shelly, D. R. and Uchide, T. (2007) A
scaling law forslow earthquakes. Nature, 447, 76-79, doi:
10.1038/mature 05780.

Ide, S. (2010) Striations, duration, migration, and tidal re-
sponse in deep tremor. Nature, 466, 356-359, doi: 10.1038
/mature 09251.

Tio, Y., Sagiya, T., Kobayashi, Y. and Shiozaki, I. (2002)
Water-weakened lower crust and its role in the concen-
trated deformation in the Japanese Islands. Earth and
Planetary Science Letters, 203, 245-253.

Ito, Y., Obara, K., Shiomi, K. Sekine, S. and Hirose, H. (2007)
Slow earthquakescoincident with episodic tremors and
slow slip events. Science, 315, 503-506, doi: 10.1126/sci-
ence.1134454.

Kato, A., Ohnaka, M. and Mochizuki, H. (2003) Constitutive
properties for the shear failure of intact granite in seis-



P8 3R R | 2 D < M BRI A & Ak 201

mogenic environments. Journal of Geophysical Re-
search. , 108(B1), 2060, doi: 10.1029/2001 JB000791.

Kato, A., Kurashimo, E., Hirata, N., Sakai, S., Iwasaki, T.
and Kanazawa, T. (2005) Imaging the source region of
the 2004 mid-Niigata prefecture earthquake and the evo-
lution of a seismogenic thrust-related fold. Geophysical
Research Letters, 32, L07307, doi: 10.1029/2005 GL
022366.

Kato, A., Sakai, S., Hirata, N., Kurashimo, E., Iidaka, T.,
Iwasaki, T. and Kanazawa, T. (2006) Imaging the seismic
structure and stress field in the source region of the 2004
mid-Niigata Prefecture Earthquake: Structural zones of
weakness, seismogenic stress concentration by ductile
flow. Journal of Geophysical Research, 111, B08308, doi:
10.1029/2005 JB004016.

Kato, A., Sakai, S., Kurashimo, E., Igarashi, T., lidaka, T,
Hirata, N., Iwasaki, T., Kanazawa, T. and Group for the
aftershock observations of the 2007 Niigataken Chuetsu-
oki Earthquake (2008a) Imaging heterogeneous velocity
structures and complex aftershock distributions in the
source region of the 2007 Niigataken Chuetsu-oki Earth-
quake by a dense seismic observation. Earth Planets and
Space, 60,1111-1116.

Kato, A., Sakai, S., Iidaka, T., Iwasaki, T., Kurashimo, E.,
Igarashi, T., Hirata, N., Kanazawa, T. and Group for the
aftershock observations of the 2007 Noto Hanto Earth-
quake (2008b) Three-dimensional velocity structure in
the source region of the Noto Hanto Earthquake in 2007
imaged by a dense seismic observation. Earth Planets
and Space, 60, 105-110.

Kato, A., Kurashimo, E., Igarashi, T., Sakai, S., Iidaka, T.,
Shinohara, M. Kanazawa, T., Yamada, T., Hirata, N. and
Iwasaki, T. (2009) Reactivation of ancient rift systems
triggers devastating intraplate earthquakes. Geophysical
Research Letters, 36, L05301, doi: 10.1029/2008 GL
036450.

Kato, A., Ilidaka, T., Iwasaki, T., Hirata, N. and Nakagawa, S.
(2010a) Reactivations of boundary faults within a buried
ancient rift system by ductile creeping of weak shear
zones in the overpressured lower crust: the 2004 mid-
Niigata Prefecture Earthquake. Tectonophysics, 486, 101
-107.

Kato, A., Iidaka, T., Ikuta, R., Yoshida, Y., Katsumata, K.,
Iwasaki, T., Sakai, S., Thurber, C., Tsumura, N.,
Yamaoka, K., Watanabe, T., Kunitomo, T., Yamazaki, F.,
Okubo, M., Suzuki, S. and Hirata, N. (2010b) Variations
of fluid pressure within the subducting oceanic crust and
slow earthquakes. Geophysical Research Letters, 37, L
14310, doi: 10.1029/2010 GL043723.

Kato, A., Sakai, S., Iidaka, T., Iwasaki T. and Hirata, N.
(2010c¢) Non-volcanic seismic swarms triggered by circu-
lating fluids and pressure fluctuations above a solidified
diorite intrusion. Geophysical Research Letters, 37, L
15302, doi: 10.1029/2010 GL043887.

Kato, A., Sakai, S., Iidaka, T., Iwasaki, T., Kurashimo, E.,
Igarashi, T., Hirata, N., Kanazawa, T., Katsumata, K.,
Takahashi, H., Honda, R., Maeda, T., Ichiyanagi, M.,
Yamaguchi, T., Kosuga, M., Okada, T., Nakajima, J.,
Hori, S., Nakayama, T., Hasegawa, A., Kono, T., Suzuki,
S., Tsumura, N., Hiramatsu, Y., Sugaya, K., Hayashi, A.,
Hirose, T., Sawada, A., Tanaka, K., Yamanaka, Y.,
Nakamichi, H., Okuda, T., Iio, Y., Nishigami, K,
Miyazawa, M., Wada, H., Hirano, N., Katao, H., Ohmi,
S., Ito, K., Doi, I., Noda, S., Matsumoto, S., Matsushima,
T., Saiga, A., Miyamachi, H., Imanishi, K., Takeda, T.,

Y., Yukutake, Y., Ueno, T., Maeda, T.,
Matsuzawa, T., Sekine, S., Matsubara, M. and Obara, K.
(2011) Anomalous depth dependency of the stress field
inthe 2007 Noto Hanto, Japan, earthquake: Potential in-
volvement of a deep fluid reservoir. Geophysical Research
Letters, 38, 106306, doi: 10.1029/2010 GL.046413.

Kato, A., Saiga, A., Takeda, T. and Iwasaki, T. (2012) Fluids
dehydrated from the subducting oceanic crust and non-

Asano,

volcanic seismic swarms. Joint Symposium of Misasa-
2012 and Geofluid-2, Misasa, Tottori, Japan.

Kato, A., Igarashi, T., Obara, K., Sakai, S., Takeda, T., Saiga,
A., Iidaka, T., Iwasaki, T., Hirata, N., Goto, K.,
Miyamachi, H., Matsushima, T., Kubo, A., Katao, H.,
Yamanaka, Y., Terakawa, T., Nakamichi, H., Okuda, T.,
Horikawa, S., Tsumura, N., Umino, N., Okada, T., Ko-
suga, M., Takahashi, H. and Yamada, T. (2013) “Imaging
the source regions of normal faulting sequences induced
by the 2011 M9.0 Tohoku-Oki earthquake”, Geophys. Res.
Lett., in press.

Kodaira, S., Iidaka, T., Kato, A., Park, J. -O., Iwasaki, T. and
Kaneda, Y. (2004) High pore fluid pressure may cause si-
lent slip in the Nankai Trough. Science, 304, 1295-1298.

Liu, Y. and Rice, J R. (2007) Spontaneous and triggered aseis-
mic deformation transients in a subduction fault model.
Journal of Geophysical Research, 112, B09404, doi:
10.1029/2007 JB004930.

Matsumoto, S., Iio, Y., Matsushima, T., Uehira, K. and
Shibutani, T. (2005) Imaging of S-wave reflectors in and
around the hypocentral area of the 2004 mid-Niigata Pre-
fecture Earthquake (M 6.8). Earth Planets and Space, 57,
557-561.

Miller, S. A., Collettini, C., Chiaraluce, L., Cocco, M., Barchi,
M. and Kaus, B. J. P. (2004) Aftershocksdriven by a high-
pressure CO; sourceat depth. Nature, 427, 724-727, doi:
10.1038/nature 02251.

Miyazawa, M. and Mori, J. (2005) Detection of triggered deep
low-frequency events from the 2003 Tokachi-oki earth-
quake. Geophysical Research Letters, 32, 1.10307, doi:
10.1029/2005 GL022539.

Miyazawa, M. and Brodsky, E. E. (2008) Deep low-frequency
tremor that correlates with passing surface waves. Jour-
nal of Geophysical Research, 113, B01307, doi: 10.1029/
2006 JB004890.



202 ok

Mogi, K. (1989) The mechanism of the occurrence of the Mat-
sushiroearthquake swarm in central Japan and its rela-
tion to the 1964 Niigata earthquake, Tectonophysics,
159, 109-119, doi: 10.1016/0040-1951(89)90173-X.

Nakajima, J., Kato, A., Iwasaki, T., Ohmi, S., Okada, T.,
Takeda, T. and The Japanese University Group of the
Joint Seismic Observations at NKTZ (2010) Deep crustal
structure around the Atotsugawa fault system, central
Japan: A weak zone below the seismogenic zone and its
role in earthquake generation. Earth Planets and Space,
62, 555-566.

Nakajima, J. and Hasegawa, A. (2003) Tomographic imaging
of seismic velocitys tructure in and around the Onikobe
volcanic area, northeastern Japan: implications for fluid
distribution. Journal of Volcanology and Geothermal Re-
search, 127, 1-18.

Nakajima, J. and Hasegawa, A. (2007) Deep crustal structure
along the Niigata-Kobe Tectonic Zone, Japan: Its origin
and segmentation. Earth Planets and Space, 59, e5—€8.

Nakajima, J. and Hasegawa, A. (2008) Existence of low-
velocity zones under the source areas of the 2004
Chuetsu and 2007 Chuetsu-Oki earthquakes inferred-
from travel-time tomography. Earth Planets and Space,
60, 1127-1130.

Nakata, R., Suda, N. and Tsuruoka, H. (2008) Non-volcanic
tremor resulting from the combined effect of Earth tides
and slow slip events. Nature Geoscience, 1, 676-678.

Obara, K. (2002) Nonvolcanic deep tremor associated with
subduction in southwest Japan. Science, 296, 1679-1681,
doi: 10.1126/science.1070378.

Obara, K. (2010) Phenomenology of deep slow earthquake
family in southwest Japan: Spatiotemporal characteris-
tics and segmentation. Journal of Geophysical Research,
115, B0O A25, doi: 10.1029/2008 JB006048.

Obara, K., Hirose, H., Yamamizu, F. and Kasahara, K. (2004)
Episodic slow slip events accompanied by non-volcanic
tremors in southwest Japan subduction zone. Geophysi-
cal Research Letters, 31, 1.23602, doi: 10.1029/2004 GL
020848.

Obara, K., Kasahara, K., Hori, S. and Okada, Y. (2005) A
densely distributed high-sensitivity seismograph net-
work in Japan: Hi-net by National Research Institute for
Earth Science and Disaster Prevention. Review of Scien-
tific Instruments, 76, 021301, doi: 10.1063/1.1854197.

Okada, T., Umino, N., Matsuzawa, T., Nakajima, J., Uchida,
N., Nakayama, T., Hirahara, S., Sato, T., Hori, S., Kono,
T., Yabe, Y., Ariyoshi, K., Gamage, S., Shimizu, J.,
Suganomata, J., Kita, S., Yui, S., Arao, M., Hondo, S.,
Mizukami, T., Tsushima, H., Yaginuma, T., Hasegawa,
A., Asano, Y., Zhang, H. and Thurber, C. (2005). After-
shock distribution and 3 D seismic velocity structure in
and around the focal area of the 2004 mid Niigata prefec-
ture earthquake obtained by applying double-difference
tomography to dense temporary seismic network data.

ENEY

Earth Planets and Space, 57, 435-440.

Okada, T., Hasegawa, A., Suganomata, J., Umino, N., Zhang,
H. and Thurber, C. H. (2007) Imaging the heterogeneous
source area of the 2003 M 6.4 northern Miyagi earth-
quake, NE Japan, by double-difference tomography. Tec-
tonophysics, 430, 67-81.

Okada, T., Umino, H. and Hasegawa, A (2010) Deep structure
of the Ou mountain range strain concentration zone and
the focal area of the 2008 Iwate-Miyagi Nairiku earth-
quake, NE Japan - Seismogenesis related with magma
and crustal fluid. Earth Planets and Space, 62, 347-352.

Okada, Y., Kasahara, K., Hori, S., Obara, K., Sekiguchi, S.,
Fujiwara, H. and Yamamoto, A. (2004) Recent progress of
seismic observation networks in Japan-Hi-net, F-net, K-
NET and KiK-net-. Earth Planets and Space, 56, xv-
XXViii.

Okamura, Y., Ishiyama, T. and Yanagisawa, Y (2007) Fault-
related folds above the source fault of the 2004 mid-
Niigata Prefecture earthquake, in afold-and-thrust belt
caused by basin inversion along the eastern margin of
the Japan Sea. Journal of Geophysical Researcz, 112, B
03 S08, doi: 10.1029/2006 JB004320.

Ozawa, S., Yarai, H., Tobita, M., Une, H. and Nishimura, T.
(2008) Crustal deformation associated with the Noto
Hanto earthquake in 2007 in Japan. Earth Planets and
Space, 60, 95-98.

Peacock, S. M., Christensen, N. 1., Bostock, M. G. and Audet,
P. (2011) High pore pressures and porosity at 35km
depth in the Cascadia subductionzone. Geology, 39(5),
471-474, doi: 10.1130/G31649.1.

Peng, Z. and Gomberg, J. (2010) An integrated perspective of
the continuum between earthquakes and slow-slip phe-
nomena. Nature Geoscience, 3, 599-607.

Sagiya, T., Miyazaki, S. and Tada, T. (2000) Continuous GPS
array and present-day crustal deformation of Japan.
Pure and Applied Geophysics, 157, 2303-2322.

Sakai, S., Hirata, N., Kato, A., Kurashimo, E., Iwasaki, T.
and Kanazawa, T. (2005) Multi-fault system of the 2004
Mid-Niigata Prefecture Earthquake and its aftershocks.
Earth Planets and Space, 57, 417-422.

Sato, H. (1994) The relationship between late Cenozoic tec-
tonic events andstress field and basin development in
northeast Japan. Journal of Geophysical Research, 99,
22261-22274.

Sato, H. and Kato, N. (2005) Relationship between geologic
structure and the source fault of the 2004 Mid-Niigata
Prefecture Earthquake, central Japan. Earth Planets and
Space, 57, 453-457.

Schubnel, A., Thompson, B. D., Fortin, J., Guéguen, Y. and
Young, R. P. (2007) Fluid-induced rupture experiment on
Fontainebleau sandstone: Premonitory activity, rupture
propagation, and aftershocks. Geophysical Research Let-
ters, 34, 1.19307, doi: 10.1029/2007 GL031076.

Shelly, D. R., Beroza, G. C. and Ide, S. (2006) Low-frequency



P8 3R R | 2 D < M BRI A & Ak 203

earthquakes in Shikoku, Japan, and their relationship to
episodic tremor and slip. Nature, 442, 188-191, doi:
10.1038/nature 04931.

Shibazaki, B. and Kato, A. (2012) Modeling the development
of a complex fault configuration in the source region of
two destructive intraplate earthquakes in the mid-
Niigata region. Tectonophysics, in press.

Sibson, R. H. (2007) An episode of fault-valve behaviour dur-
ing compressional inversion? —The 2004 M, 6.8 mid-
Niigata Prefecture, Japan, earthquake sequence. Earth
and Planetary Science Letters, 257, 188-199.

Song, T. -R. A., Helmberger, D. V., Brudzinski, M. R.,
Clayton, R. W., Davis, P., Perez-Campos, X. and Singh, S.
K. (2009) Subducting slab ultra-slow velocity layer coinci-
dent with silent earthquakes in southern Mexico. Sci-
ence, 324, 502-506.

Takei, Y. (2002) Effect of pore geometry on VP/VS: From equi-
librium geometry to crack, Journal of Geophysical Re-
search, 107(B2), 2043, doi: 10.1029/2001 JB000522.

Takenaka, H., Yamamoto, Y. and Yamasaki, H. (2009) Rup-
ture process at the beginning of the 2007 Chuetsu-oki,
Niigata, Japan, earthquake. Earth Planets Space, 61,
279-283.

Tong, P., Zhao, D. and Yang, D. (2012) Tomography of the
2011 Iwaki earthquake (M 7.0) and Fukushima nuclear
power plant area. Solid Earth, 3, 43-51.

Umeda, K., Ogawa, Y., Asamori, K. and Oikawa, T. (2006)
Aqueous fluids derived from a subducting slab: observed

high 3 He emanation and conductive anomaly in a non-
volcanicregion, Kii Peninsula, southwest Japan. Journal
of Volcanology and Geothermal Research, 149, 47-61.

Uyeshima, M., Ogawa, Y., Honkura, Y., Koyama, S., Ujihara,
N., Mogi, T., Yamaya, Y., Harada, M., Yamaguchi, S.,
Shiozaki, I., Noguchi, T., Kuwaba, Y., Tanaka, Y.,
Mochido, Y., Manabe, N., Nishihara, M., Saka, M. and
Serizawa, M. (2005) Resistivity imaging across the source
region ofthe 2004 mid-Niigata Prefecture earthquake (M
6.8), central Japan. Earth Planets and Space, 57, 441—
446.

Vidale, J. E., Boyle, K. L. and Shearer, P. M. (2006) Crustal
earthquake bursts in California and Japan: Their pat-
terns and relation to volcanoes. Geophysical Research
Letters, 33, 1.20313, doi: 10.1029/2006 GL027723.

Wannamaker, P., Caldwell, T. G., Jiracek, G. R., Maris, V.,
Hill, G. J., Ogawa, Y., Bibby, H. M., Bennie, S. L. and
Heise, W. (2009) Fluid and deformation regime of an ad-
vancing subduction system at Marlborough, New Zea-
land. Nature, 460, 733-736, doi: 10.1038/nature 08204.

Yoshimura, R., Oshiman, N., Uyeshima, M., Ogawa, Y.,
Mishina, M., Toh, H., Sakanaka, S., Ichihara, H.,
Shiozaki, 1., Ogawa, T., Miura, T., Koyama, S., Fujita, Y.,
Nishimura, K., Takagi, Y., Imai, M., Honda, R., Yabe, S.,
Nagaoka, S., Tada, M. and Mogi, T. (2008) Magnetotellu-
ric observations around the focal region of the 2007 Noto
Hanto Earthquake (Mj 6.9), Central Japan. Earth Plan-
ets and Space, 60, 117-122.



	ck.01.OPI
	ck.02.OPI
	ck.03.OPI
	ck.04.OPI
	ck.05.OPI
	ck06.OPI
	ck.07.OPI



