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Slow slip event and the deep low-frequency tremor around the Bungo Channel

AN R B (BT SR AR SEFT)
Kazushige Obara and Hitoshi Hirose

National Research Institute for Earth Science and Disaster Prevention
1. FAHROBEMsEhE 2RI L 722 e —2 ) v ARy b

VARE B ADIL AT CRAT DIEEMEENEN L, 7 1« U E o7 L — hOAER & AT T
(1) 25, BHREEEN TYT L L BRCRAETT 20O TIERL, W ODOEFRASENFET S, WENT
(XN - 7)1 - RV UT, BRI A, M OVEZ /K E - B IRPEHD 3 SOMEEFIEI /3T Hivd A3,
FAENDY T AL —TIHENIEHNIERL L Q), —HHUgCIEEN L L TArR—2 Y v 71~
DML TND Z EMBABDNI IR o7, BRI - SHE/KE COTHEN Mgl b2 SVEEhE TS <,
/BRSPS B TRAE LTSS, D BB R X Z7%Eh 3 2001 4575 D 2 4EITT 4 [B] (2001 4F 1 H.,8
H200242 A8 A), K6 7 AEHITRAEL TS GH1K). ZOHUEIZ W CIIERISENROBE ) el
SHTWDDY, 52 BITRT 1 5122001 4 1 H & 2002 422 H OAZH I HEBE O HEAPE T, E7o
2001 48 A & 2002 4= 8 H DEZTIFEH/KERN HAH T mA~EE L TR Y, ENEivBlili mniiinsd =
EDRHSHICH D, Z OIS ENTEN RIS L C, o0 SR Hinet UM (AR A ) 120
I RFENE R K FE Y (R (22T » 7R et Sz G5 1, 2 IX). R bisEhois
5 & TR R ESRE 32 03, BIRZE Lo 38@hoBEh & BHE IR U AZRTIIRMINS 553D
FDEAC LE D% 2 BON A BI D DIZxt L C, HEEOEAITIE 2 DS RN L LI 273, 1@
LSBT D Z AITIXEW B OZUTHE T L, NS O ORAERENED. ZOX 7y T
+ v 7 TRfERIZE I IE PO OB CHIRERCBII S TBY (G 3 X)), HFHRMTRETH AR —X
VoA MZED O LSS, £2C, 2002 4 8 HDOA R MIHOWTAR—R v 7T OWiEE
TIVOREEEATo T, RSO R — 3@ OB L U T 5 Z & n, BPEEBET T TENE
MO MVEE W TEIETT LV AHEE LR, Wb 7 L— MERSHIT COMWE Y THA
TE, WENWOBE)E [FERC, FMEEHAOIHERA~TXOEPBEIT 5 B2 6D GE4X). 72k, Z0E
T BHEE SN HHFRANIIFEFIT/NE <, GPS TIIMRFIREECTH 5.

2. 2003 4= 8 H LREDREKERSENEE L RERDE LR B 2RO A0 —R Y v A XV b

2003 ££ 8 7 27 AN DEHEAEMIT CHSMERIRED AL Ui, W) & IR @ L7 (G5 5

). ZOWENOBRAAALE L BENOATTTONWTIE, AU E TR I S 41T & 7R & RZS N
HITH Y, HEEBITHRY ZSND A 7 M Bt % LIS, EFOEEITITEEAEND B2 Biind
570E, ZNETOFGIE F T FRRTHD. WENTHK | BRI CTILROT I E) L7-#%0T, £ org8isk
PICCRWIMIEGE L7z, RIS QISR R & VWGE 2~3 SRR 5 2 L 23D 275, Alal 3
BICTITH 5733 » ALLEBAKGE L TR Y, WEOE=4 1 o7 %BhE L7- 2000 49 H LR Clo AR OTER)

—671—



Lo TS, 55 IR L@ ORA T Ro—7HEE (1) ([CXVRESHTWDER, BEDT-
OIZ, [RHE CREITIMRERHIEE L 7~ T LicA XU FOBRGA IR ORT. Ei2, 556 KT,
2003 £ 8 IR D 2 4 A IRt CHe2E L 7R MEEBAEN - >N T, o — 7 HBAIC &> TREIR
DUIE STENORERES L OREGIT— e LRI & v 7 S8l S O D IRE R R ORGSR, 55 7
B3 ENENOTFETES < BEORIHIRILE, 2003 428 A 30 H 1 HMOPUEPEBOI ST Hi-net B
RIZBT o n—7 g ek & i L ORT

FE-EHEESE 3) 1%, GPSBIMNCHASX, 2003 458 H Ham b BR/KIERIIZRBNT, B B Eh) ik
Folo ERE LT, TOHEINDZER 2 — 1%, 1996 4% 0 EHE 1997 AR X NI TRl T
BlEnzAa—2Y v 74Xk 4,5 BOLOEIHIFECTHY, FREEOBIZNFE Uk CRERA L
TTbDLBEZLND. ZOMBEENNTHIET 5 & BN AEREEDISERIOBERETCTH & DX DT,

%8 B, 559 KN LB T 2003 45 1 A5 11 H £ TOMRIZMETHS. 8 H Fnb 9 A BA)
T TCORI 1 R @R COR LD, 514 K ORLEO EFRER, #EiE Aa—2 Y » 7 OREA
Y MZEDEBZ ONAERE R R OIS, ZOMMARIC LT, ZRLRTEIERR D h L R o2 b
BTN D. F2EH S, 6 KIZR.LD K DI, HEIOTEENS ZORH L D IERILL Tnd. ZOZ ki 11
A 13 BEIEKGT CTH 5. bbb & b2 A YTz - TREZMERIZEEH BTV D Z L7
D.

559 BUNIFETHEE 3) (TR DHFEACEEN DA L, HREHZE D9 H 4 A226 10 H 26 B £ TOfE
REbZ R LT, ZOHIMOIEE Y Th 29 H 4 RIZeR0) 1 EMOZE AN 5T L DL DRZITH Y ,
I CIEE L, ZORBIDBRCR 2 20A UL EIZ i DB b0MAE o7 & LT o7 — 5 Z OO
oD THD 11 H26 AL, ZOERICKIE (TSYH) #HEOE o —FE(EEMThiILTRY, 7%
DBHGEEDMRT- AT D ERTROIAH] 28R L7~

T OHFRIKEINT GRS LD, FETE O Z2{E L Okada 6) OERILZFIH L7123
—Va AL VWIE T A7 DHEEZAT > TR 2 5 9 BICEROR LTV, KD HIIZWIEE T /W idik
ANTET 4 ) B AT L— b O REAHEORS OIEAYWE 2R L TEBY, 199697 FFICE LA —2Y
o 7 LR GIT CREET R PMhEE 72 2 LAVRIBEIND. £, HEESNIZ 90 OAEIC VT, /i
[BIOFTROFEEE @, 5) CIHTERDD, TOFEOF TR ADBIEE TIZTRoTNH LB Hivb.
T HE 9 KUR LTHEET R0 SR ORI TR0 7% LOMFHET 2 FeEn3 o v, fillal (5) & RRS
BROERA~T O PZBENL T ZERNEZBND. £, ZOHEET0 N, 8 H M9 A K
LEMICRAE LB 2 DD, WEhE Ar—R Y » TTEHA X MR TR o7z EHEE Szl (559 X

DR CHHA TR L0 S0 ALET D & E 2 6.

510 BITIE 2003 4E 10 H 15 B 11 A 13 BETO 1 A BOMEREERSZER L OR L. 11 A8 H
LB 5 HIEIIZ D725 C, 26 2, 3 [KISZR 8 XD T L 7= IO 2 b S JEIEL LT ZBBhS i L & 2 bz
Z OMRIHSEIOTEE HIEFE LT D, ZOHIRICOMRIZE Y ML EZNNBHEE SIIZ TR0 0%
TV, [FHARIIAE LT@Eh OB Iofn L BT 11 R Uiz, B SH7BR7 S VoOZEf 4 —
AT A HEFIFERETHD Z L03innd. TR0 BT /L bAERMICIHE R CHEE Sh .

Z OHUIRTIE 2001 4E 50 2 AT, 1 EMFEEORFEEZFF @ L R L7z A n—R Y v 7oA R
23, R IR UL CE 72 (B 1, 2 X)), 200 IRTT_DI2XY, BT L0 Esco
FOVREREZ b oA —R Y » 7RASIIENIDNERE SN TOE, DWDNTTRY BRFWMAE 722 B2 5.
FFOTRY) OFEET, BORFESZ O A —R Y v 7 @O~ NS EORAMES R S &

—672—



Ez b,

INHDOZ LG, BH-FNUTT L— MEFREOWEICL T, 2 0VHLAT—RY v 7 A0 MIT
B OREER D Z EAVRBESND. ZHULT L— MR OB DS, ZOIRETF M & Ut
IFEEIZ LD 2L TCWD Z L AR L TND EEZHID.

Z B G

1) Obara, K., Nonvolcanic deep tremor associated with subduction in southwest Japan, Science, 296, 1679-1681, 2002.

2) /NFE—RL, PERE HARDIEARATMT CIATT D UREMEBAMEIORHE,  HUE TR, 70, 524-532.

3) [EHET, SR KEEL DOHERZEEN DU T,

http://www.gsi.go.jp/ WNEW/PRESS-RELEASE/2003/1029.htm

4) Hirose, H., K. Hirahara, F. Kimata, N. Fujii, and S. Miyazaki, A slow thrust slip event following the two 1996
Hyuganada earthquakes beneath the Bungo Channel, southwest Japan, Geophys. Res. Lett., 26, 3237-3240, 1999.

5) Ozawa, S., M. Murakami, and T. Tada, Time-dependent inversion study of the slow thrust event in the Nankai trough
subduction zone, southwestern Japan, J. Geophys. Res., 106, 787-802, 2001.

6) Okada, Y., Internal deformation due to shear and tensile faults in a half-space, Bull. Seism. Soc. Am., 82, 1018-1040,
1992.

7 ) Tamura, Y., T. Sato, M. Ooe, M. Ishiguro, A procedure for tidal analysis with a Bayesian information criterion, Geophys.
J. Int., 104, 507-516, 1991.

e
KRBT DHR— L=V TR SN T D KRNEFT OKEG: T — & i H S CQuveie & & Lz, 52 L Ud&EH
7-LEE9.

—673—


http://www.gsi.go.jp/WNEW/PRESS-RELEASE/2003/1029.htm

g
o

--> S,E down

0

iy

100

200

i 132°E 133° 134°
1.0

o 2L
c |
:i »
0.5 L
- r
= I
0.0
Jan Mar
2001

\
135°

May

136°

1

Fig.1e

137°

138°

Jan Mar

2002

Nov

Jul Sep

May Jul

FAR PO - SR AE I 35 1T 2 DRI B O 1R B L BRI E S (HIVH) T
ORI S). ERELERICIFBaytap—6 (7) I K 2B IEA i ST 5. 72 B PU£4
DR THAE L 72 EN O C 1 R HAL TR L 72 BRI R FICR3, 2 ook
TEHARIC AT D ENEENIRO T b K bIER LG TH 505, HHRUL k4 5 &
O IO R WEN TR EER I TRAEL, ZHICFEBIL TR T v 7R R
BRI TND.

Time sequence of the tremor activity around the Bungo Channel and west of Shikoku and the

tilt change observed at HIYH, Ehime prefecture. The tilt data are corrected with removing

the tidal component using Baytap-G(7). The number of the tremor counted with a unit of 1

hour estimated in the square shown in the upper left corner is plotted at the bottom. This area

is the most active part in the belt-like tremor zone and the large scale tremor with duration

longer than a few days is appeared periodically every 6 months. The step-like tilt change is

coincident with the major tremor activity.
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Fig.2 (Top panels): Expanded view of the tremor activity and the tilt change for each episode shown
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in Fig.1. (Bottom panels): Migration of epicentral distribution of the tremor. The tremor
started from the northeast part of the tremor zone in 2001 January and 2002 February, then
the tremor activity migrated to the southwest direction. On the other hand, the tremor
migrated from around the Bungo channel to the northeast part in 2001 August, and 2002
August. The observed tilt change is very consistent with the migration of the tremor.
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Tilt changes observed in stations around the west of Shikoku in 2002 August. The tilt

changes began from August 6 and continued to August 12. The linear trend calculated from

the time period before and after the tilt change was removed from the whole data.
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Fig.4« The slow slip models derived from the observed tilt vector before and after at 0:00 am in

August 10th. The observed and expected tilt vector are indicated by solid and open arrows,
respectively. The Epicentral distribution of tremors determined for each time period are
plotted by small circle.
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Fig.5 Migration of the tremor activity occurred from 2003 August. Top panel is the epicentral distribution of the low frequency
earthquake determined by JMA for each 1 day from August 27 to September 2. Middle panel shows the epicentral
distribution of the tremor determined by the automatic process based on the envelope correlation method for each 1 day
from August 27 to September 2. Bottom panel indicates the epicentral distribution of the tremor estimated by the envelope
correlation method for each 8 days from September 3, to October 28.
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Fig.6 Cumulative number of detected tremors occurred in the area shown in Fig.5 from
August 25 to October 28, 2003. Red line indicates the number of tremors estimated by
the envelope correlation method. Blue line is the number of low-frequency earthquake
located in this area by IMA.
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Fig.7 Envelope traces of the bandpass (2-16Hz) filtered seismogram observed at 4 stations in the west of
Shikoku with a time period of 1 day (August 30, 2003). The tremor is recognized by the coherent
envelope pattern. Red and blue solid circles indicates the tremor detected by envelope correlation
method and the low-frequency earthquake located by JMA, respectively.
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Fig.8+ Observed tilt time series from January 1, 2003 to November 12,2003. The station locations
are shown in Fig. 9. "N' and "E' followed by station code with four characters denote the
northward and eastward ground down components, respectively. The records after removing
each tidal component estimated by BAYTAP-G (7) and a linear trend estimated in a time
period from May 1 to August 1 are plotted. Vertical dotted lines show a corresponding period
of a slow slip event which coincides with a tremor activity, which is the same type of
phenomena shown in Fig. 1-4. The bottom two panels show an atmospheric pressure and a
precipitation observed at Uwajima meteorological observatory.
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Fig.9 Surface horizontal displacements (solid black arrows; Jun,2003-October, 2003) observed

at GPS stations operated by Geographical Survey Institute and the tilt changes (gray arrows)

from September 4,2003 to October 26, 2003 observed at NIED tiltmeter stations. A rectangle

fault was estimated from these data (a rectangle with an arrow). Solid white arrows and open

white arrows denote calculated horizontal displacements and tilt changes, respectively. Dotted

rectangles show the estimated slow slip area during the time period denoted in Fig. 8§ as the

vertical dotted lines.
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Fig.10+ Tilt time series from October 15, 2003 to November 13, 2003 (same as Fig. 8). A time period
of another short-term slow slip event with tremor activity is depicted by vertical dotted lines.
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Tilt change vectors for the period shown as dotted lines in Fig. 10 (solid thin arrows), the estimated
fault model from these tilt change data (rectangle with a thick arrow), and the calculated tilt changes
(open arrows). Epicenters of tremor activity during the same period are also plotted (dots).
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