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Activity of deep low-frequency tremors in southwest Japan
(November, 2008 — April, 2009)

B KR AN SERT

National Research Institute for Earth Science and Disaster Prevention

VR A ARDUEAGART CHAT DUSTIRERME 01, 7 ¢ U EL 7 L— hOERI AT RO TN

CHEZERIENCHER L CORAEL 2, IR T —2 Y v 7 < b ORJEH 20 TN 5Eed~ 2 AR S © 2k

ZENBD. 2008411 HD 5 2009 454 AOYA4H GE1X) C FHIAT—2Y o7 (X K V%o
TBEETLTEIN L, LATDEBY THD.

- 11 Arph), =R PENEEN ISR S CEE L, E RO A ORI IR A R
LEblTAbmicE L. G52, 4, 5[). AEorE#iEld, FoR¥8 2008 4F 6 H, ArEio—H#ns
2008 43 HIIEEN LTl Y, FRiEfRE LTix2007 4210 HLRT A5 Th-o7z . FAPESTAINS
ol U7 BB 3 8km/s TH Y, ZOHIEK T ZivE Tt BB EIEIE Ch o7 2006 4 1 H DFE
(VT AT 13km/s O CRHEIL TRV, AEIOBERFE IO NS0
-2 AR, B, ST I RN L, TEEhORTHSEEERHED 2 SR ST DGR
2, 5[). ZOHETOEENE 2008 4-8~9 ALIKS 7~ A5 THhDH (G 3[X).

-4 AAPE, PUEPEE. SEiEE T UIEo L%, myEamcsE L, BEIOARMIEITE R R 2
oLz &2, . OO COREEN 2008 42 9~10 ALK 6 » A5 THD (3.

LU A T —R Y 7 A R N S TERIOFRARFI OV T, EA ot 231 A A O
WL Chho Tz, FHIAT—R Y » 7 R ML AR LSRR Ty, /IR @SB & L
3, ZSRIREET 2008 4F 11 H A, 2009 4F 1 Arpd), 3 A, 4 Hpa) (’gﬁ_ T, FregkiLEEre
HC 2009 4E2 H 1A) (54X, DUIEHGEST 2008 4F 12 H v, 200944 A FA) (56, DUEHEHT 2009
1, 3H (EeX), BHEAGET20094:1, 3 H GE6X) 1T¥AE L. GREEMEERMEN L, LT UISERT
A LT RHEEORERIEE LR 2 2 L2385, 200043 A 19 B 18 B 17 43U 12 k> AYERII
FBUYTML6 (USCS) DHIEENIAE LTS, ZORIMEAERE L2 AD, MR ZRERR, TUEDEGHC
FERO @S AE LT GBE7IX). 20X o 7emtiiEBI i S AMEN L, B IS 2580380

D3, ZR BRI OMENSEN OV TR A F ke L7z

CINE—H%)
Kazushige Obara

- 386 -



33Nf— 4

34'NEs

2 Z BN

1) Obara, K., 2002. Nonvolcanic deep tremor associated with subduction in southwest Japan, Science, 296, 1679-1681.
2)Obara, K., Hirose, H.,2006. Non-volcanic deep low-frequency tremors accompanying slow slips in the
southwest Japan subduction zone, Tectonophysics, 417, 33-51.

3)Obara, K., Hirose, H., Yamamizu, F., Kasahara, K., 2004. Episodic slow slip events accompanied with
non-volcanic tremors in southwest Japan subduction zone, Geophys. Res. Lett.,, 31, 123602,
doi:10.1029/2004G1.020848

4)Tto, Y., Obara, K., Shiomi, K., Sekine, S. and Hirose, H., 2007,Slow Earthquakes Coincident with Episodic
Tremors and Slow Slip Events, Science, 315,503-506.

5) AkfHifd - BIFR TS AR - BEMEL - ANVE—pk, PERFHAICIST DA o —R Y 7 A < | (2008
11 H~2009 4F 4 H) , A2

- =t al I~ T R1 e | 1 1 1 L= - =t al I~ T R1 e | 1 1 1 L= =t al I~
[oowam) P |, [pamnA] " E [

' P
B ”' ) :

4

4Ny 34N e

[ [l I | 0 I % 10? I ,\ll:F|)44i_ = ] I | 0 I 50| 10? | ~ I N ] I | 0 I 50| 10? I '\ll:7|59_
137E 133E  134E  135E  136E  137E T38'E 132E  133E  134E  135E  136E  137E  T138E 132E  133E  134E  135E  136E  T37E  136E
R wed™ | T T = - e wed™ | T T T L= e wed™ | 1 1 1 1
2009428 & 00943 A & 2009448 & ;
35N 4 35'N . y
e % o R g e RS Z
B 2 N B o 25 k B BN
ey . 53 ; > 4 ‘
S & Wi %: : < o gt < 0% o

34'NEx »

————— = - 33 - = B - =
P B T A ’\f 3.88I P i T A ’\f 3.05I : P B T T ’\f 1.42I2
132°E 133E  134E  135E  136E  137E  138E 132E  133E  134E  135E  136E  137E  138E 132E  133E  134E  135E  136E  137E  138E

EB1IX VR AT L7 MBI SRBAE X OSERIESRB IR D A BRI 0AT. AL MR i@ o=
AR BRITT e =R VT Lo T 1 DL ICHBWUR S s b 0. HAE LA
BOBIELT,

Fig.1 Monthly epicentral distribution of deep low-frequency tremor and deep very low-frequency earthquake in southwest

Japan from November 2008 to April 2009. Red circles indicate epicenters of tremors for the period shown at the

upper-left corner. The epicenter is automatically estimated with error less than 1km by the envelope correlation
method in each 1 minute. Blue diamonds indicate epicenters of deep very low-frequency earthquakes”.
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Fig.2 Space-time plot of deep low-frequency tremor and deep very low-frequency earthquake along the profile from
southwest to northeast in southwest Japan for six months from November 2008. Red circles and blue diamonds are
the same as in Fig. 1.
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Fig.3 Space-time plot of deep low-frequency tremor and deep very low-frequency earthquake along the profile from
southwest to northeast in southwest Japan for eight years from January 2001. Red circles and blue diamonds are the
same as in Fig, 1.
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Fig.4 Daily epicentral distribution of deep low-frequency tremor and deep very low-frequency earthquake in Kii and Tokai

area for major episodes from November 2008 to April 2009. The time duration of each snapshot is shown in the
upper-left corner. Red circles and blue diamonds are the same as in Fig.1. Blue beach ball is the focal mechanism of
the very low frequency earthquake by using the centroid moment tensor analysis.
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Fig.5 Spacetime plot of deep low-frequency tremor and deep very low-frequency earthquake in Kii and Tokai area for
episode of November 2008 and January 2006. Red circles and blue diamonds are the same as in Fig. 1.
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Fig.6 Daily epicentral distribution of deep low-frequency tremor and deep very low-frequency earthquake in Shikoku for

major episodes from November 2008 to April 2009. The time duration of each snapshot is shown in the upper-left
corner. Red circles and blue diamonds are the same as in Fig. 1. Blue beach balls are the same as in Fig4.
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Fig.7 Top: Teleseismic waveforms for the earthquake in Tonga region on March 20, 2009 (JST) and tremor seismogram
envelopes. The time length is 1 hour. Upper three traces are band-pass filtered seismograms (2-16 Hz) observed in
Shikoku, Kii and Tokai area, and bottom two traces are very-low-frequency components (0.01-0.1 Hz) seismograms
at the NOKF NIED F-net station in Kii. Bottom: Daily epicentral distribution of deep low-frequency tremor. Red

circles are the same as in Fig.1.
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