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Fine-scale seismic structures correlating with slow earthquakes in Tokai district

IERFERER (TR A IR IERT)
Aitaro Kato (Earthquake Research Institute, University of Tokyo)

1. IELoic

LARIABRT DT L — NEFAEIHFET 5 BERAED, @ DHEOEAEIZRE 8L NI
LTWABZ D, FAEOETHEICE > TRIBENTVE Y. LA LADS, BEREKDORER,
ZOFEM AT AMZERNIR SN TS, S 512, BIEREOSAA S ARBEEE - ME = &
CHEGE) & OGRS RFEHTH D, W o ) MEFSEYOMEFIREE S OFEHR A3 K #E 72
R <THh 5.

Z 2T A, FEHLE O [E AR 2> & F R SSE - ks & A KT 9 A AR ORI I B\ T,
L R EE S AR L, K5 » A (200844 H~8 A) 1272 1) Mt et % % I Ek
U729, BRBRELH S B oA E0E 80 A, BUASHIMEIZA 1 ~ 15 km TH Y, HHEIZH 100 km (23%
T2 (1), BRI THA L, [T —InfURLBEER 782 I Xt 2 HiFED P
W - SEOMENERZ AN -7z, 612, WIMHBEIC L A ZHEMSERZT— 7 SIERL, b
BTG TA—ENT B ol. BRI, P - SIEOBKEZL L EAS) THEHESIT NS
17 HORFE W HEZ LT 52 SIS L, SHERZRERBEOERERS SN s DR
WHEORIFIL, AERICE > CTHEES N7 L — MEFIZG > THRATICaMm L, TBIrRic s -
THLNTWUEESH O TN TH LY. 5|12, BHMBEOWFKEZFHWT, A< ML
division #:¥ # FIVC, Ly —N—BEIAT O ER L2 GEICOWTIZY 23HR)

2. ThAIAT R D FER

Ly = N—BHIRITIC L D), T OARNERH OB DSTEEE 25, FE 2L D, thAAT WS
it o> BT & T 2 RO U A (B & IEORIE) A5, dLVEA TR (8 15 BE) 12ME
FLTWBEZEDbYs. S50, FEH28 km 12, FEOEKRMIIHIET 2 A8 (FEOIER)
HAETE L, WEEEE R O BT & X=? km L CTHALT 5. bAoA ol Mgt N o0 3 A 2 12 7F
HLCTAbE, HEEMZRE, FHEEE - BR7 vV Y ome LTHEBS T 00,
HERT - BRT7 vV Y HORFEORE SITFESHANELEZRTI LD 1D (FE2H).

EHISSE 12X 5E— X v MRREOR S KX 23T, RIS 2 RHE - &
K7 vV VHORESPENL. ZOREIHOFEWR AL, 8% OWEME S OEEEIZ R TH
FIET S5, SNEBRTESNHEREEOMNERE Y 2S3E 1235 L, OIS
K, b L RKREOHAEDHEIEAVRIES NG, FEE, hARAALY v T OMED, HIERELR"Y
Lo TURENTW S,

Ry SSE #8012t L€ & ) EEEBICAL{E 3 A (K P HLEE - Sl T, v P b P L ARG -
EART v VOB PMKRE LTHEETA2500, ZORE SHEMN SSE 512 < 6 ~TH
SMPMET I 5. LR OMEREORSZE, KENELE - MENS O E /RN T, AT
OIKTF, L, MAEEORIPEL TV LIREEELZRT. ZORRKE LT, WEEBZRENOS
JERARD—EDS, WENSE Lo~ ML - 2y YHNERTWA I EDNEZHSND.

— 493 -



3. XYMV VOEY

UMV Ty VNO PP - SR, SV S IR TEEICRWEEZ R L, #EEN
Wk H SN AR & o THRES O LS EIT L TR EExoND. Y~V MV -T2y Y
W OFIGTEVEP T 2 5154 5 &, P IERE 72 km/s, SEHEEEIZ 40 km/s & 72 5. EWNEET
FHl S N7z EiREERCE 7 > F TS A - OBMEREE " % b L ICERUA LR EIEET 5 &, s
BHOBEZE60%IE L BIERALL TV B UEDNH 5 |

AR HRE - mEho FRRIZ, 7L — MEROFRERICIZIZFITCT, By v — TR L
LTEHOTONE. T, Y ML oy VLRl 2 /28I, ZhX ) HiE
o~y My 2y VOEWRET T, REEBE -MEISEEL TWLE I EEERT L (E3X).
R SSE 12X 210 0% {1, Bislllo B 7L — b & bAoAt ilEe i s+ 28R
FICFAET D, —F, KEMEHE - BN, R b L2~y My - oy DL W ST
LERTHETL BE3X). ZoLH1c, BEHAYSSE SREHRIE - MENCL 205 D FRD
Bk, 7L— MERmEICNETSZD00, FEWEOBBEEAEIKE S RRLZEDHLNE
Zeolz, RWFFRICE o THIE S NG 1 TREEIC X D, W o < D) HIEE & Bk i R
PIIET A ENHSLERD, Wol VHEDOIRABEZFFES 2 L TEELMEIE SN,

Z % L

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

2. Shelly, D. R, G. C. Beroza, and S. Ide (2007), Non-volcanic tremor and low frequency earthquake
swarms, Nature, 446, 305-307.

3. Liu, Y., and J. R. Rice (2007), Spontaneous and triggered aseismic deformation transients in a
subduction fault model, /. Geophys. Res., 112, B09404, doi:10.1029/2007T7B004930.

4. Audet, P., M. G. Bostock, N. I. Christensen, and S. M. Peacock (2009), Seismic evidence for
overpressured subducted oceanic crust and megathrust fault sealing, Nature, 457, 76-78.

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

6. Kato, A, T. Iidaka, R. Tkuta, Y. Yoshida, K. Katsumata, T. Iwasaki, S. Sakai, C. Thurber, N.
Tsumura, K. Yamaoka, T. Watanabe, T. Kunitomo, F. Yamazaki, M. Okubo, S. Suzuki, N. Hirata
(2010), Variations of fluid pressure within the subducting oceanic crust and slow earthquakes,
Geophys. Res. Lett,, 37, L14310, doi:10.1029/2010GL043723.

7. Zhang, H., and C. H. Thurber (2003), Double-difference tomography: The method and its
application to the Hayward fault, California, Bull. Seismol. Soc. Am., 93, 1875-1889.

8. Ammon, C. J. (1991), The isolation of receiver function effect from teleseismic P waveforms,
Bull. Seismol. Soc. Am., 81(6), 2504-2510.

9. Christensen, N. I. (1984), Pore pressure and oceanic crustal seismic structure, Geophys. J. R.

— 494 —



Astron. Soc., 79, 411-423.

10.Christensen, N. L. (2004), Serpentinites, peridotites, and seismology. Int. Geol. Rev. 46, 795-816.

11.Suito, H., and T. Ozawa (2009), Transient crustal deformation in the Tokai district, Zisin, 2, 61,
113-135.

12. Hirose, H., and K. Obara (2006), Short-term slow slip and correlated tremor episodes in the
Tokai region, central Japan, Geophys. Res. Lett., 33, L17311, doi:10.1029/2006GL026579.

1377 138° 139°
] I ] I
= Back slip
_EP ” == Tokai Slow slip
. == 30 mmiyr
A PP

35' -
M
EN e MO MM
_ 0 10 20 30 40 50 & e -
Suruga-Nankai Trough Depth (km)

1 7 UA MBSO, ) RIEEE (RFER) Y, BB SSE 0§y HE (5
BOW, RRTF IO RIS X AR R 0B (), 4R SSE I E %
Y (EEm)

Fig. 1 Seismotectonic setting of central Japan and locations of linear seismic array. The linear seismic
array subparallel to the convergence direction of the Philippine Sea plate (PSP) is denoted as a
bold green line. Blue contour lines and arrows represent slip rate and slip direction of the long-
term slow slip from 2000 to 2005, and red ones indicate slip deficit rate from 1997 to 1999
Contour lines for rates larger than 20 mm/yr are drawn with an interval of 10 mm/yr. Dots are
LFE locations determined by the Japan Meteorological Agency (JMA). Purple rectangles show
fault slip models of short term slow slip events'. The dashed rectangle indicates the regional
location of Figs. 1b and 1c
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Fig. 2 Depth sections of seismic velocities and receiver functions beneath the linear seismic array (along
the section Y = 0). (a) Profile of slip rate of the long-term slow slip event (LTSS). (b) P-wave
velocity perturbation ¢ Vp/Vp . (c) S-wave velocity perturbation ¢ Vs/Vs. (d) Vp/Vs ratio. (e)
Receiver function results. Relocated hypocenters are plotted for events within 10 km of each
cross-section with gray circles indicating regular earthquakes and red stars indicating LFEs.
Gray-masked areas represent regions of poor resolution. Our interpretation of seismic structure
is superimposed on each section.
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Fig. 3 Schematic interpretations of seismic structures. (a) Fluid pressures P, within the subducting
oceanic crust are color coded to magnitude. Green arrows denote potential fluid pathways in the
subduction zone. Gray circles are relocated earthquakes observed by the linear array. Crosses
represent earthquakes from 2003 to 2007 relocated in the final velocity model. (b) Variations of
0 Vs/Vs and Vp/ Vs ratio within the subducting oceanic crust.
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