127 FVv— I RERACBI2WEB LA —RY v ICET 2 ERPFHTKE
A BRI K DBk DR
Recent results about tremors and episodic slow slips on the plate
boundary obtained from the integrated groundwater observation of
Geological Survey of Japan, AIST

FE S B AR+ A B 9T BT
Geological Survey of Japan, AIST
1. 3L ®IZ

BV - M HLEE TR E W Eomois, ERDE (EEHINREMIERT) X, 2006 45 H»
b 2B RE O M K SRR G BLI X \ODéff“%EﬁﬁAL 2008 AEERE TIZ 12 HOBHa2 Kz, &
HIZ2AEZMHETTHLD (FE1XK). BEOHBHERIC, WEOH FARSLCE WM TAKOME 5T
AKOLFEDR T Le 2 & b, 1944 R E AT IS T8I TRE B LA b ot sh b
ZE, FBN, AIRTARYD (MEBEAIOAREBRELICK T LD - VT D) (2K 5HH
E#ThOrBENATELZ LMD, %ﬁﬂéﬁﬁﬂﬁf‘i, 1A SIRE OH T &2 Ek L CHl
TR - MR AE) c MEOBI 21T (B2, VI VZ A LATERIFIZT —Z%%ko T
5. V= EROE=FV T DD :,@%%xa~x9y7(@%%8%)%i@“
AR JE MBI OMATIC S WE VTV D BT, SREHEG Y LA & 0 72 AR I
WET=4% YV 7 OEEI, 2009 4 2 H D5 (TYE - TYS)“C@ﬂﬁ»meﬂﬁk%”ﬂ;ﬁﬁ’J SSE

DETNHE, P EEICBT 28 SSERE O 3FEIC VW THET 5.

2. R

2— 1. ShEHEFT LA Z AW ETREERBIE=21 v 7O & E1t
MMEEH{&’{”&@J EDEFIEWMITTS/NBEL, BEO/NSRIEBZHE 22 01X —MRICH

HThD., ERHBABIHAICET2MEMEFT L, (E2K) TEUT7 T v RAEHT 21T

5:&Ki@,ﬁhﬂ%@/%XEﬁkﬂTﬂ%®Eﬁ@ﬁ%@ﬂ%k@é.ﬁ§!®ﬁ%
IXEEM T, MEEh X EE (b2 oHROMENIE) 2RbT. T2 TORUT T 2 AT
RWT, ERIEETFTHPBELD2LDERELTWD. F 3-alXIZ/nd X 52, BLHSA T TH
IHEN S & o 72 BRI, S B E (R B TIXAY 2. 6km/s) %%of@ﬂlﬂz}%@;ﬁb)fﬁﬂﬁ Z B
Sh, ZhEBENNcE2botEXLND. —F, E3bRICARTLIICHMENIOD /A4 X
MREL 2D E (REICIEaR BREE), AORERDNBEEFICRY, MENZ X 2E T L O
BIMRARE L 72D . F7o, H3-c DX O, BHA» SN ZMENER OBRIZIE, 5513k
DEFEPOART D &0, MEERYE TS \%ﬁﬂ‘é IRk, BEE»L O
BEREEHZ AL LN TELAREMRH D, Bl -a KT, = Xe—7MHEAEICT
WE Lo AR E B B RO R ZEH A TH S zlxﬁﬂﬁ i, BA SERMIF Hi—net, &K &RJT
W KT, ERFOBHED S S S/N BHHB WS DA 26 J@EATHEMA LY, Fd-a
BUTITAHB S AL 72 0 28 26 BLII A 8 MLLF (7272 LEERBF O BLILE ICU 2 &) 272
/a\@?f%j’uy FLTWS., ERT 28RN DR 2520, AR ERERIIZIX, /A1 X
HHEIREEZL G LIl d. F4-bHITICUDOE® LT T v AMEEE - T, WMENE 5 )
JAXDOHBIEAT, BFEBRRESZHRLZLOTHSH. HE EFERO LSRRI HERR

- 496 -



INTWBEONGND.

2 — 2. 2009 4E 2 H O3 (TYE « TYS) TO HizkE 2L & HYIH) SSE 0T F L HEE

PERSHIF D SA% R R (TYE) & S H R IBLA A (TYS) (1K) 2B\ T, 20094 2 H 5 H
225 9 HECTOMICHZEZ(NBN Sz (F5~10 ). FRIREHIC X, ZamEh il o
TR JE P R TR B AN A L Tz

TYE Ci%, 200942 A 6 H/H 9 HETOR, KEEBICEPBR - (FS8, 10K).
M oFTY: (6 HART~7 HRE) O EELIE, LR -FEEICHO, bl —mMEICHE~TH -
7o, MM O% N (7T HBE~9 B RE) O EE5E, LR — /i, itw—ﬁﬁ It
AL 0 LN KRE L, D UREEHE Y (CRlEs L7z 5\ % RT.

TYS Ti%, 200942 H 5 A6 9 HE TOR, KFE-EEICELNBH SN (B9,
10X). M oRTd: (6 BF%~7 BRE) O EEH X, db—mmIcMmy, H—EiCHELTH -
7o Wi o% (7T HRE~9 HRE) oFELIE, 2ENRMOOE T 7. ShEEX,
PRI AT 5T MOMBOT —2000 kiR b LU FEHEL, BREL TV,
KEEARDOEEIZRBITITELS LTV, ZOFRKO —HITHBEEEZLO KX K
LY ROFIEEEDOREORHENSIZH DL EEZTWD. EEHOHFEICH - TiX, K¥FE
£4E}i/\ﬁ)6®$i’ﬂﬁ%ﬁwpfﬁﬁﬁ LTW5.

FEIROWENRTA—FEFHEOBVETVEREL T, TYE-TYS TOHREZIAEFHEL,
BRI S -HBRERL L 2T o7 (BB 11 IX). A (2/5-7) « %4 (2/7-9) I K& 7 x
BHOBNERTH L. SHAHEE O 7 v & ARE B #E O &EBERITE 12 KIZRT.
1-12 NOWEET VICHEIT D RENITROB) & 2 /R7.

i

2 — 3. ROFEEIZRIT 2 EBA SSE #

Ao G e B D = H L A1 T U e PR AR E R A B 2N R I B I AR U, BRENIS A O I BYSSE
DFEANER I TNDY o LarL, O R R R~k il i) s s v Tl
TG IR IKE B MBS B S TV B 2, FHIMSSEORBA TR TE TCWiahoae V. —
7, PEEEFHINRAMIEA T, RAERICBWT, 20074 K 0 ICUE X RHGMD 245 T, 20084F
L D ITA, MYM, KSTD3p THEOM T k%% @éﬁﬁﬂ%lﬂﬁ/)’tﬁﬂ%ﬁébf: (3 1) . ITAIZIXGTSMALH
EEEDY, FOMARITITAHKNEFT600msl BEHE) IZHFR STV D, ICUR XK OMYMIZ KT 5
LI BA 46 LAFE D 3 - f@T7J<%%/E'%*%%%13 4RICRT. E13OA-TIE, R EBICB T 5%
TS ALK ] B TE B A T

2009412 A > T B34 H £ TOMITARNIZ 72 - TR E I 8 A% %8k L7 (15K .
1H14RF#%~18H I E%%*Bﬂéﬁ%m&mﬂzﬁ@75>%E/HIJént. [F] 151 P oD 7 481 T R &
F16-1TH IR . 1&@1&%&@@%9&@2@7 L—MERETA?Y 2BBICAR—RY v A X
Y RSSE)oWEET A ERKEL, FEAEATHRFIND FELMAFRE LM, KEEDOH
BHE F D 5 #%Eﬁf’ﬁ@a‘zé%%%bf:("ml) KB ITARL Sy B D DT, BEKERICKED
RWRY, EEOIN S EHE S T4EY OFEEHHEEZ L TWD. [AEkRENT%Z, 2HSE~TH®
gk LR cooVEB), 3 H20-21H D& E%%*{Wmﬁb (F > HT3AEL-HE M7, 6)
THERSNT-AEMELN S H1ET) , 4 H13-14B OSBRI TOFEDICH L THITR > 7-.

497 -



WRAZFEI9-21KIICRT. 4 A13-4H OIFEICHONTIE, &b /A AL ~LDEKWICUIZE T
LM TIREE, T 20b30ROBIHMETCOME TROT Y TholztEZHND. 2009
FEIZ A TH L0 —~HOFEEHL, Z—ERFHETOTNY B/NSWE, FEIMBAMKD THWE
D TH 5.

2007T4-7H ~20094F4 A I A= B O A8 U 72 R IR B 3 A B & A BT AY SSELZ D U T Il R 72 fif
MaTRo CHEZ2E LD LORE22KTH D, LOEBEELL (FnfkiLIRFE) o — 2
v MNERRCED, HEIZ RTINS I XD

HHEE

WO ET VLD HBELNOFEICIE, HMBEBMN XHE 7 7 7 F AMICAP-GY K O}
Okada (1992) Y ®Fortran¥ 7 b —F U &2 L £ Lz, KEKMEOSMIL, [T L&
JRU A MEMALE L, KEEBEO M IZIX, ERDF, BFSERHFHI-net, [EIT, HEK
ZOBMEOMBEH T —FEEHLE L., 72, KOCEBICBIT 2EHNSSEDOE T LVEHE
DKL, KBERFORKERBEBABT=FY VAT ADORRYESECLELE. 22
IZFE L TG L £ 7.

(BR&GE S - AENA— - RHEEA - /NR ] - AT R)

L EBEN
1) Obara, K. and H. Hirose Tectonophysics, 417, 33-51, doi:10.1016/j.tecto.2005.04.013, 2006.
2) ShMEAME, PR, BRI, #E2, 60, 1-20, 2007.
J)WIEZ N « H)INEIR, #iFE 2, 52, 101-103, 1999.
4) Okada, Y., Bull. Seismol. Soc. Am., 82,1018-1040, 1992.
B) IRy K%, RA MBI BBV E =2 U 72 27 A (ATMOS),
http://tremor. geol. sci. hiroshima—-u. ac. jp/.
6) Tamura, Y., T. Sato, M. Ooe and M. Ishiguro, Geophys. J. Int., 104, 507-516, 1991.
T)/NARAE SR« LIS « PATE - ORAS T, IR 2, 59, 19-27, 2006
8) R GT, HMUEPI KA R AL ER T2 142 7 2 3 HEFITAEREER, 2009
9) B S B F AN FE T, MRS SRR AL E SR 2 142 A 2 SAEMITEESE
£F, 2009

E1%
Latitude Longitude Depth Strike Dip Rake Length Width Slip Mw
(deg) (deg) (km) (deg) (deg) (deg) (km) (km)  (mm)

2009/2/5-17 34.9657 137.092 30 289 16 164 18 15 30 56

2009/2/7-9 34912 137.282 30 289 16 164 18 15 40 5.7

- 498 -


http://tremor.geol.sci.hiroshima-u.ac.jp/

135 138 R

132

#1 PERSBIF o> Mt R 7K S8R . R C PR A 7 SR RO - BRRE Y - U M R oD ARUE SRR
WA R, @:20004E LURTICAE D 7= BIAL, O (NI-N12) 1 20064F LURE I AE 5 Au 7o 8
AL, W (N13-N14) : BUERM 21772 > TOW 2 8. IKEOMEEIT, MHHISSER

JOVEE R A MBI RN EHICHEEL TVWD EEZ DD HIE. NLITYS, N2:1TA,
N3:MYM, N4:ICU, N5:HGM, N6:KST.

Fig.1 Groundwater observation network of Geological Survey of Japan, AIST. Areas enclosed with
broken lines show the anticipated source regions for the Tokai, Tonankai and Nankai
earthquakes. Shadow areas denote the places where the tremors and episodic slow slips
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Fig.3 Examples of semblance analysis by using vertical seismic array. (a) In the case of hypocenter
of non-volcanic low-frequency tremors distributed under the station. (b) In the case of some
signals from a ground surface caused by a typhoon. (c¢) In the case of hypocenter of the
tremors distributed far from the station.
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2 —fEIT B E T LA 2RV R.

Fig.17 Observational results at MYM from January 1 to 21, 2009. The gray line (strain) indicate
original data. The black line indicates the corrected data where tidal components
barometric responses and quadratic curve trends are eliminated. Semblance monitor value
is the result by use of vertical array of seismometers at HGM.



Event F 2009418 MiEET /L &EE]

Depth Strike Length

Dip Rake Slip Mw

Event Lat —Lon " deql fkml VM 4eq) [degl [mm
F- Jan 2000 3405 13605 30 230 30 30 25 95 20 58
e ‘

Calc.

35N

34N

5.0x10°8 { 0
strain
Expansion 30
km
33%45 135E 136E 137E
BT )L S DT ERER & AN
strain ch HGM KST ICU MYM
combinations Obs. Obs. Obs. Obs.
234 s - / pd

1,34 g - X \
1,2,4 P yd +

1,2,3 - - X -

%18 X

2009 4 1 HICHAE L2 F#IM SSE o HeEW @£ 7 L (1),

FREAE (), BLOBM S EELL (F).

Fig. 18

Wil E7 LhdolE

From top to bottom, the estimated dislocation models of the short-term slow slip event

which occurred in January, 2009 and calculated and observed principal strains.
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|Event G 200942H WiEET )L & EE|

Depth Strike Length Dip Rake Slip Mw
[km] [dea]l [km] [deqa] [dea] [mml]
135.65 25 265 35 30 15 130 20 5.8

Event Lat Lon Width

G: Feb. 2009 33.70

' Calc.

= |

35N

34N

KST

5.0x108
strain

Expansion E

137E

331

136E
HIEET LN S DFT SR & AN

strain ch KST ICU

combinations Obs. Obs.
23,4 - X
1,34 yd A
1,2,4 P X
1,2,3 - x

%19 2009 4 2 AL L7 MY SSE o fEEWTE £ 7 v (B), WiEET Vb O EE
A (), BROBR S EEELL (F).
Fig. 19 The estimated dislocation models of the short-term slow slip event which occurred in

February, 2009 and calculated and observed principal strains.



Event H 2009438 WiBES /L & EF|

Depth Strike Length Dip Rake Slip Mw
[km] [dea] [kml] [deqa] [dea] [mml]
H: Mar, 2009 33.90 135.90 30 245 25 25 20 110 30 5.8

Event Lat Lon Width

Ve

Calc.

35N

34N

5.0x108 { 0
strain
Expansion 30
km
33H\{ME 135E 136E 137E
WIEET LN SDFTERERE SN

strain ch HGM KST ICU MYM ITA

combinations Obs. Obs. Obs. Obs. Obs.

l -
2,34 3 / \\
1,34 )( e

1,2,4 >

1,2,3 or

X +

% 20 2009 4= 3 JITHE A L7 R SSE o EWEE 7 v (1), WiIEET Vb0 E1E
tEE (), BB s EELEE (F).
Fig. 20 The estimated dislocation models of the short-term slow slip event which occurred in
March, 2009 and calculated and observed principal strains.
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Event I 200948 WiidE> /)L EEE

Depth Strike Length ., Dip Rake Slip
k] _[dea) fkml V9" 4eq) [deq] [mm] MW
. Apr.2009 3390 13590 30 245 25 20 20 110 10 54

Event Lat Lon

Calc.

35N

34N

5.0x108 { 0
strain
Expansion 30
km
33H\{’ME 135E 136E 137E
MEETILN S DETEFER S AN
strain ch HGM KST ICU MYM ITA
combinations Obs. Obs. Obs. Obs. Obs.
2,3,4 . i .
1,3,4 . i \ .
1,2,4 . : . .
1,2,3 . : . .

5 21 2009 4 4 AL L7 IR SSE o fEEWTE £ 7 L (B), WiEET Vb D EE
FHEAME (), BB Sh 7 EELEL ().

Fig. 21 The estimated dislocation models of the short-term slow slip event which occurred in April,
2009 and calculated and observed principal strains.



35N

34N

Ng WA v Lao

. ' Vi AE: 6.8 KM
%4E 135E 136E 137E

% 22 2007 45 7 A ~2009 4 4 H Ikl 8 TR A L 7o B SSE o #EE W g £ 7 v
Fig. 22 The estimated dislocation models of the short-term slow slip events which occurred from
July, 2007 to April, 2009.
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