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Abstract

Slow slip event (SSE) detected by the GPS network (GEONET) of the Geographical Survey
Institute has been observed in the southern coastal area of the central Japan, the Tokai area, since
2001. Although appreciable changes corresponding to SSE have not yet been observed by the
borehole strainmeters of the Japan Meteorological Agency in the area, we evaluated space and time
variations of the strain caused by SSE before detecting them with the strainmeters. Use of strain
has merits for evaluating a localized event. That is, i) strain does not reflect a common displacement
observed in a wide area, irrespective of reference station, ii) strain is comparable directly with the
outputs of borehole strainmeters, extensometers, etc. and iii) the elastic strain caused by a source
diminishes rapidly compared to a displacement, for example, in inverse proportion to the cube of
distance from it, which means ease in estimating the source location.

According to the analysis, we could clearly detect strain changes associating with SSE.
Expansion appeared in and around Hamanako-lake of the central Tokai area, and at the same time
contraction appeared around Omaezaki and Atsumi in the eastern and western parts of the area,
respectively. The peak of expansion is now moving eastward and steadily growing, and the
contraction is gathering in intensity. The maximum principal contraction rates increased 1.5 times
after the commencement of SSE. The total scalar moment estimated from the distribution of
dilatation in January 2003 becomes 1.3x10" [Nm] and the moment magnitude becomes 6.7, approxi-
mately. A high concentration of changes in Coulomb fracture stress is seen in the eastern Tokai
area.
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Fig. 1. Explanation of slow slip event (SSE) in Tokai area, the southern coastal region of the central Japan. The figure
was copied and arranged from the homepage by courtesy of the Geographical Survey Institute of Japan. A)

Distribution of non-steady horizontal displacements.

The most remarkable changes are concentrated in Tokai area.

B) Temporal changes in horizontal and vertical components in GPS coordinates observed at KAKEGAWA station in
the middle of the Tokai area. The SSE in Tokai area seems to start in late 2000 or early 2001. Note the changes seen
in summer 2000, which were caused by swarm activity around Miyake and Kozu islands.
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Fig. 2. Location of GPS (small circles) and Strainmeter (squares) stations. Triangles indicate trilateration nets of GPS

for calculating horizontal principal strains.

ATSUMI, HAMANAKO, and OMAEZAKI are symbolic names

representing regions near Atsumi Peninsula, Hamanako-lake, and Omaezaki-spit, respectively.
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Fig. 3a. Spatial distribution of dilatation calculated from changes in GPS displacements from October 2000 to January
2003. Secular trends of the dilatation during the period were subtracted using data in the period from 1998 to 1999.
Dashed curves show neutral values. Expansion centered in the east of HAMANAKO is remarkable. The peak value
reaches 0.6 ppm. Simultaneous contraction in ATSUMI and OMAEZAKI should be noted.
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Fig. 3b. Spatial distribution of horizontal principal strain axes calculated from changes in GPS displacement from
October 2000 to January 2003. Secular trends of the strain in the period were subtracted using data during the period
from 1998 to 1999. The scale indicates 0.5ppm per year of strain rate. Compression indicated by black arrows is
remarkable around Omaezaki and Atsumi regions. Extension indicated by light gray arrows is clearly seen around
Hamanako region.
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Fig. 4. Profiles of horizontal distribution of (A) dilatation and (B) absolute horizontal displacement, in the four periods

originated from October 2000.

using the data in the period from 1998 to 1999. Temporal change in peak values of dilatation is shown in (C).

Secular trends of dilatation and absolute horizontal displacement were subtracted

The

objective area is shown in the map shown below indicated by a rectangle. The symbols with different shading show
the different intervals: white until April 2001, light gray until October 2001, dark gray until April 2002, and black

until October 2002, respectively, from October 2000.

The profiles of dilatation become profound with time, while

those of displacement keep a monotonous mountain shape, but the peak height grows with time. So expansion and
contraction intensify simultaneously with an increase of the peak height of the displacement.
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Fig. 5. Temporal changes of the horizontal principal strains denoted by e-max and e-min and dilatation denoted by
e-d, converted from GPS data, at ATSUMI, HAMANAKO, and OMAEZAKI. Large arrows with SSE mean the
commencement of SSE in the Tokai area. Small arrows indicate the changes associated with the swarm activity
around Miyake and Kozu islands in the summer of 2000. Here, the data include secular trends before the
commencement of SSE. Linear trends shown by dotted lines suggest that the secular strain rate is largest in
OMAEZAKI, where a recent acceleration of horizontal maximum strain is also noticeable.
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Fig.6a Distribution of slip sources assumed in the boundary of the Eurasia and the Philippine Sea plates, shown by

contours. Numerals indicate the boundary-depths in km.

VRSO IFOWAEETH S W) T & &, Bk
ST LTk - CHERfZ2ERTE 5 £ V) I
b5, L LHEHEEL2SY5OIC3EAIEE LTE
DEFRESEHES L RBENEEZEZL LN DTHED
HEHETRETHAD.
HEEANTS G 7 L — MERE I, Ak 13 F
Jepi K ek - BRI BE 3 2 ERH AL BEHIE O
MERFIRE RETBIC/ER L7 — s icEo<. K6
all 7 L— MEAmLOARFEOMEELR~T. HMEREO
fEfE 1% Ozawa et al. (2002) @ 02°1cxf L, AFmX Tl
0.1°& L7z, MR~ OME I, BHRAMEO 73 W AEEI il
TH5IEIILBY, HATHEZIMT SV AZEINT
B Tcial, BEWIFRHEEORE WEZEl -
TA vN=Va VETHOBEKRELDOE L HDICIEEDT
BEG Fo. fRTWER E Lz i3 4b &6 L < 2000 4F 10
H-2003 4 1 HofiflomEEZ(LThH D, ZORDE
WA IO FRrn TV 5,

6.2 7TL—MEREDEYSH

X 6b iIcHEE s N7 L — MERFOHE D ERL N7 b
LORTHEINDITL > THEL 2HEBEDHEM AR
4. KEEE®E (2—5 v 7 7L — ) BICAELHED
2K, ToORIKEINE, BOEOREWVELME T T
FERK Mem BiRICEL, dubfhao~7 P vidBBT
REFEANCED? S B 2R, PIEOEREE NI
#-5< Ozawa et al. (2002) DOFER EHAND E1FD 07
EEOEWC TN, ELMETORIEORE S &M
ZOMAIT-OVTRIEBFEEE AL ENS. FifEESh

70 ORE R, ERALT L — b OERE S Iy
72 v 7 GBORIB) o E (3FILPEAED (Sagiya,
1999) 1T L CHA MW THE D, W0 KIBERNS
BV ZITENTWAS Z EMSh 5.

iR OHETE 7 o+ 2 A O AR O BREEZ ikt
LThiL, BUHOHTERDICL2%ME—X v PESE
HE L CCTERBMMiceToAERICBITAE—
VEDRAN T —mOBNEEME— A v P& L, KT
a BRI~ LT E SN RBEE— A v 270y
FL7ZbDOTH D, ML > TEES EBR LN S5
CHEFBNECE N 2820 X - TEHT 572
WThb, Lo LeiizE e CHFCEEnd 2 @Enns
FOohb, COBEEBE—XA VM ESSIIR S =F a—
FIZZEH LT 7oy b LEEDOAK T TH 5. 2002 46
A5 20031 HichdTRBBLZEMwET &5
73, THid Ozawa et al. (2002) %3 20024F 6 HE/AET
Mw 6.7 EHEE L7 b EEEEE R ENS. SEO
HEEICH W 7o SRR O D TR#EIPHAE & D & i~ Tk
<, BXRE L Iciigsf e 2/ Dot b 34 U T\ o rf el
bHBTE, EOITHOSN IMITOEAL N bV EHEE
WA Lol LT, T TREIICHEEAHERL -
CEDEVWEEZZDLEINSFEINEHEVLHIE
INTE 5,

6.3 ACFF SHICEONBICHOERFRR

AB =21y I KD EGHHTICEESEC 2O
JE133 o RN T I ) 32 0 2 s Rl WV AR S R B L 72
& BBRc s, b T EiRoEifEE ORI A

— 262 —



GPS 77—/ CHRONAHEA o — 2

1w TITPE S TEORFZERIZAL

138"

&
"'Q,,y,gpk(-(-rr-

S

X ppm
0.6

0.5
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
-0.4

35°

Fig. 6 b. Result of inversion obtained using changes in dilatation from October 2000 to January 2003. Arrows indicate

magnitudes and directions of slip vectors at grid-points.

Contour shows value of dilatation calculated by the

estimated slip vectors. The maximum error of the estimated slip vectors is about 2.0cm. The total scalar moment
became 1.3x10" [Nm] and the equivalent moment magnitude (Mw), 6.7, approximately.
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Fig. 7. a) (left) Estimated total scalar moment and b) (right) equivalent magnitude vs. time. It should be noted that the
moment indicates accumulated values originating from October 2000.
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Fig. 8. Spatial distribution of changes in Coulomb failure function values estimated from the slip vectors obtained by
inversion analysis. Supposed in the planes with the strike in N20°E, dip 10°, rake 90°, and depth 0km. The Lame

constants (A, ) are assumed to be equal.
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Fig. 9. Power spectra for the data of the Strainmeter and GPS-strain, in arbitrary units. Both data were taken from
the comparatively quiet year of 1998 before commencement of the SSE in the Tokai area. For periods shorter than
several tens of days the noise level of Strainmeter is higher than that of GPS-strain, whereas for longer periods it
becomes larger, which means difficulty in detecting slow slip event with Strainmeter.

— 265 —



=)

OEALZRA Z2ODEH LB BEZEZ LN,

—F, AREEEEY R SERAKE TOLH A
fErlfEE Lcw sy, ¥y AUl EovpREIch 3
ZEL, BRSO NKS EOEB)EEL BESITE /A
R eNTLESI A GZ V. KIIKGPS 7— 41
L DR EEEETOZNTNITHOWT 2000 FED
HERRIEEN LR O MR S Relic B 1 5 ¥ 7 — X
N7 R VERT., TOMICEBEGPS B THEDE
TR vy a/ 4 RTETH I BTN L0 R
T/ A XV T AN H 5. [BREEICE
WTIE/ A RV NVHEIS A U CRAE SRS
B AEMICH Y, FICHTH XD EVWE<FEE
HD/, 4 X VRV GPS DENE FAE, ok
2 ZE TN, FEET IR/, 4 XPkEHEE
o TRAB =2 v ZERAIT B ValEEd 01 ®
Aons. UL, mEABEAcEfEETTo, 1 XX
WIMES, LFFLoMRERRE Y ONfRFEb I cE 5 C
Liph, Za—=21) y 7ONLEIC & > THIRAHEOEE
{LEREAEINT 2 54 IC 3R T 2 ARE &S £ 5 &
WH T EMWTX A,

8. ZWIIC

GPS THIM S N A ATBICHET LI EICLDE
AT =2y TOXBIBT BT EITo 7. O
ERAEAZ LR E, UTOBYTHS:

@ 2000 FELIRFE D IEEH IS BELDOZERAH TR S
nriEgHEL T oMER S ERNE S HEiEELIc B
B EEO LS, [ ORI bR T 5 C
EMTE, Zu—2Y o FICE->THEULHETH B &
HESN 5.

@ GPS 7 — % 7 53R 5t 1999 FELIRIT D EZE bk
FE A3 D RIHIAA R TR & 0 ko &t B LERE & [6]
FREEICIE 5722 & 13, GPS OEMINIERI X r —vic ks
JAEBIOEHEEICT L T—oDHE L B, T DG
B, ERIE TS B 1 2 BA LD 2000 LI ICA U T
WA M A 3 EBE OB R 2 FD LTV B alEEA S
W,

Q@ mEEENH»OLDA v N—Y 3 vitkD, Ozawa
etal. (2002) IT KD EMA P SHEESN/IT L — MR
R Lol nfmEFERO S RPHEES N, A —2X
)y FICEBRBRBEE— X v OBEINNES THEES N
7z,

@ELMETO 7 L — FERICE T 5150 S HEHATE
FEEICEB1F 2 ACFF (7 — o Vi) 2HEns 4T
WA TREEN D 5.

[EPS

O FEEF IR —2 ) » FITk ZELIRBAR
HEhTwigngs, HEEREINCIRIE O X - Tt
INBAEEDN D 5.

INSDOFERE, Ro—2Y . 7 EHEEREE O
B A FE T 5 FT, HIcd < BORKMZA(LEWVS
o2 i3, BRPVRRBICEZ 2EE0
FHIE VA EEN S SMET L TV T LEDEHRERT b
DTH 5.

E

LEALD T IC (E A2 mATIC E B D GEONET O
F— 4y EHEbE TV W, A voN— Y 3 VIBITIRE
RIFFEHTHIER K LR FEER O ARSI LM ERR L 72 77 o
75 AR FEbE TV W, £ Eo 7 — 2 TR
1213 GMT (Wessel and Smith, 1995) Z{#f L 7. fRE
Moz, EREO 1L ATHLITRE KiEL
b9 1 AOEBEZOBEFE ICREaIEREGA TV
20tz b, xRN O BRI A W2 W,
DIk, el TEGHoEEZET 5.

5| FASCHEk

thofh a3k (2001) : B I BE 9 2 g A ik

A 2 (1990) : AR I & 0 R 7o HAS B O HIFER] O
B KPR (1) AN - PUE - JUN, HiE D,
43, 13-26.

Ishibashi, K., (1981): Specification of a Soon-to-Occur Seis-
mic Faulting in the Tokai Ditrict, Central Japan, Based
Upon Seismotectonics, in Earthquake Prediction, vol. 4
of Maurice Ewing Series, D.W. Simpson, P.G. Richards,
Eds. American Geophysical Union, Washington D.C.,
297-332.

kiR - BlmE— - R (2003) : BEHIEZ % < % &t
DTN D W T—HERAF O 50 65—, A TPk 54
No. 41, 14-19.

ARESH - (HNE A (1998) : SRR I X 2 Bumiisic 51 5
WEZEAL (1978-1997 4F), HUEIL, 51, 229-232.

Matsumura, S. (1997): Focal zone of a future Tokai earth-
quake inferred from the seismicity pattern around the
plate interface, Tectonophysics, 273, 271-291.

Mogi, K. (1981): Earthquake Prediction in Japan, in Earth-
quake Prediction, vol. 4 of Maurice Ewing Series, D.W.
Simpson, P.G. Richards, Eds. American Geophysical Un-
ion, Washington D.C., 635-666.

Pk (1999): GPS 7 — # [ 5 #0R 7 v ' 5 & (SEIS-GPS)
DB, HHME, 10 (4), 257-266

INEEEZES, A RS2 W B, B WL ROREE], PERNE
th, ZMH £ (2001): 2001 £ & R 5 1 5 Bty o B
HRAEE), HARMIESS 2001 fERKCERAEE TR, C02.
Ozawa, S., M. Murakami, M. Kaidzu, T. Tada, T. Sagiya,
Y. Hatanaka, H. Yarai, and T. Nishimura (2002): Detec-
tion and Monitoring of Ongoing Aseismic Slip in the
Tokai Region, Central Japan. Science, 298, 1009-1012.

Okada, Y. (1992): Internal deformation due to shear and

— 266 —



GPS 77— THRONAHEFERA o — 21 » 7T D EORZERIZAL

tensile faults in a half-space. Bull. Seism. Soc. Am., 82,
1018-1040.

Sagiya, T. (1999): Interplate coupling in the Tokai District,
Central Japan, deduced from continuous GPS data,
Geophys. Res. Lett., 26, 2315-2318.

Wessel, P. and W.H.F. Smith, (1995): New version of the
Generic Mapping Tools released, EOS, Trans. Amer.
Geophys. U., 36, 15-26.

— 267 —

LLAHIES (2002) : GEONET FERE 7 — 4 1c o N 28 v 4 —
v DAL, HIERERERERLEES 2002 A FRIRS TRE,
D058-004

HINEHR (2003): BELICHRONZHER D -2 v 7D
2 HTHiIERS 4 No. 41, 35-41.

(Received July 23, 2003)
(Accepted September 29, 2003)



