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Table 1 Comparison of phenomena associated with slip event at deep portion along the plate interface.

1—1a. BUEIEEOEY

B&R 1 Rt ER fEHTFi%
FEBMEE KM | 1.5-5Hz [CEl | REMEBGOM. & | - TAO0—TJHEEE
B (Tremor) | L. REARMEE | BEMEEST EH | N Ty Kk (T "0—F
T 5MEBERE | &) . LEEthER T | BEEEHIRIES )
3 EAIATBE - Source Scanning Algorithm
- T L— MER (GI48) 1858
[CLHERERRRE
FREMER R M | MENRICEE | EE Y ZaTIZKBDERE (KR
&= (LFE) B ORI e,
TIRE KR (4R) AL AERE
EIRRE
REEBIERR |20 MICEBT | SREMRESE | - J Uy FN R
#E (VLF) 5 REBAWMEBER | 5D | LREtES
Ed)| [ TR FTRE

RAMAO— | HERMNMTTE

BERE. VFHET

HERETE T AR Y NS AR A N

Ay TAN | LT HH5%EE) | A (Cascadia | =P 3>
>k (S-SSE) ( ~ 0.1 p | TIEGPS THER | -BFHEREERT )y FIRY/RFTA
radian) #E) BAN=VaY
REMWRO— | 8~ A~8EM | GPS THEEFRE (&
Ay TAR | NMFTEIT S | &5, OFHETIE
> b (L-SSE) | 3R ZE) —BERODTRESR
A RE)

(TR (EH)  BEBFICTEENIERALTVWSEZL2 Y VI FA,
TR (R : BXBBHCCTRRRBEOE=42 ) VT Fi&)

1—1b. FHOEHH

"R by o | F 4 R
S-SSE, VLF, Tremor, LFE | $t B ~2 SERSFEE 3y A~FFEE
L-SSE (2 KE) BrA~15 7 ERE

(&\i®) ~ 54 10FRRE

457 -




20030829 BPF:2-16Hz
o oo e o o e

KWBH Aot

OOZH

UWAH

IKTH

20030830 BPF:2-16Hz

- S0 Em| o sEme ® .; -. &) u'--' O ™ 3
80nm/s
KWBH 10 TN :
O0ZH
UWAH :
l
IKTH T , f ; . Y VO SPPRPUOR B NI NPT P TN AW
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
20030831 BPF:2-16Hz
- 5] & : & 2 88 [ergu] ] - 8 [ ] [ ] 2 8 [ ] 2 8 = .l [ ] .: -] [ ]
KWBH ! oy . .
PRy BT iy
UWAH - | | o
IKTH bkl ) W T L VT i T § 1 VIR O R
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

FIXM T>oAXOo—7HMHEE ECM) ERKRTHhAZ 027 (UMALFE) & DL,
DU ] P8 351 4 BT ASIC BUF 52003 4E8 H29 HA2H31 HETO3 HED2-16Hz S D T > RXO—75dek &, ECM GRIL) [&T—icfbh & 07 OKE R HE

AL ORHIRIZRT.
Fig.1 Comparison of detection capability as tremor by ECM and low-frequency earthquake by JMA from the same envelope seismograms of tremors. The envelopes are RMS traces
from the band-pass filtered waveforms with a pass band of 2-16 Hz observed at 4 stations in western Shikoku. The red and blue circles are detected tremors by ECM and low-

frequency earthquake by JMA, respectively.
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Fig.2 (a) Epicentral distribution of tremor by ECM catalog from 2001 to 2007. Red and orange dots are epicenters of
tremors located with error within 0.5 km and 1 km, respectively. The dotted rectangle AB and CD are indicated in
Fig.4. Blue lines are depth contours of oceanic Moho discontinuity in the Philippine Sea plate estimated by Shiomi et
al.(2008) 12) (unit:km). (b) Epicentral distribution of low-frequency earthquake by JMA catalog from 2001 to 2007.
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Fig.3 (a) Epicentral distribution and focal mechanism of deep very-low-frequency earthquake by CMT analysis from 2001 to
2008. Red dots are epicenters of tremors located with error within 1 km. Blue lines are depth contours of oceanic Moho
discontinuity in the Philippine Sea plate estimated by Shiomi et al. 12) (unit:km). (b) Location of fault planes of short-
term slow slip events detected and estimated by NIED tiltmeters from 2001 to 2008. The bold line of each rectangle
indicates the shallower side of the fault plane. All fault models are reverse fault type and are located at around the plate
interface. Doted lines of E-F indicates the profile for the space-time plot in Fig.4(b).
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Fig.4 (a) Frequency distribution of tremors, low-frequency earthquakes and very low-frequency earthquakes along the

profile of A-B and C-D indicated in Fig.2. The tremors by ECM catalog, low-frequency earthquakes from the JIMA
catalog, and very low-frequency earthquakes from the CMT analysis with a duration from 2001 to 3007 are plotted.
(b) Spacetime distribution of slip amount of the slow slip event along the profile of E-F indicated in Fig.3. The bold

line of each rectangle indicates the origin time of the slow slip event and the width indicates the slip amount.
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Fig.5 Spacetime distribution of tremors from ECM catalog (left) and low-frequency earthquakes from the JMA catalog
(right) plotted by red dots. Blue diamonds are very low-frequency earthquakes, which have been analyzed from
April, 2003.
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Fig.6 Spacetime distribution of slow slip events plotted on the tremors. Blue rectangles are large-size slow slip events with fault parameters
estimated from tilting data. Green rectangles are small-size slow slip events with fault parameters not estimated whereas associated
with the tilt step detected by only a few stations. Yellow rectangles are slow slip events in Tokai area estimated by strainmeters by the

JMA by Kobayashi et al.(2006) .
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Fig.7 Time interval between the sequential tremor episodes in the three segments in Shikoku. The horizontal axis is the
sequential number of the tremor episode from January 2001. The red dotted rectangle indicates affection by the

long-term slow slip event in the Bungo Channel.
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Fig.8A Daily frequency of tremors from the ECM catalog.
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in western and central Shikoku with a time window of 12 days.
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in western and central Shikoku with a time window of 12 days.
- 469 -

Horizontal distance[km]
Horizontal distance[km]




2006/4/14--2006/4/25

250

2001

1504

1004

Horizontal distance[krh

y .., NIED TremorlVLF Catajo

Horizontal distance([krh

“land T Tape T lans'

et

2006/9/7--2006/9/18

2504
200

1504

Horizontal distance[kr

o] Chizdl B ARl Y |
o< & : 1] '
Rk S | N=1844
TlerT Tae ' et enad | lens | len7

. MED TiomorlF Catep

Horizontal distance{krh

2504

o |

1501

1004

Horizontal distancefkrh

2006/10/20--2006/10/31

., NIED TromorlVLF Catajo

Horizontal distance[krh

N=1191

=

:10}26: ' :10;'2:; ey

2007/3M1 .0"2.007@,21

Horizontal distance[knh

et L il

Horizontal distance[krh

N=2603

a0 ez ahd
2007/5/5--2007/5/16

25041t

| . il T ) R P L TR . T TR

316 318 320

L

1504

1004

Horizontal distance[km]

- MERTIEMEILE barge

Horizontal distance[km)

N=1865

2004

1504

1004

2006/4/14--2006/4/25

250

50

2004

1504

1004

50

vy WIMALFE Catap |
T T R i1 inNeg2
and " lape | lane | a0’ w22 424

L0206 unrecu
0 N I T A A B TV
9},?[ IQ"QT Tg.“‘11 Ig:lal TQ':|5l T  EL

2006/1

250
2004
1504

100

50

0/20--2006/10/31

2004

1504

1004

50

10/20

T

20(?.'7IJ’31F 1 P—-2|007f’3u’2l1

250

T '

;
FE I e e 1

250

2004

1504

1004

30
2007/5/5--2007/5/16

3nz

318

. JVALFE Catafp ,

N=d0

E R R R T SR PR RNt IR

T i ) Rl T o Tl . e Ll .o I ] TRl ol . 5\!‘5‘ 57 5/9 511‘ 5?'13‘ 5|'15I'

5/5 57 59 11 513 515
#9—D DU E R TT R U 72 BHE TR R A R MENE S T Y — RIZB T A ME) (BCM Ay ay)
KOMEEBE QST by nr) OkZER .
BEiI 2 TI2EMH. AAORRAECM MENE THZER N RTBCERME (VL. G0k
AR BITIT K DK e HEE,
Fig.9D Spacetime distribution of tremors from the ECM catalog and low-frequency earthquakes from the JMA catalog
in western and central Shikoku with a time window of 12 days.
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Fig.10B Spacetime distribution of tremors from the ECM catalog and low-frequency earthquakes from the JMA catalog

in Kii peninsula with a time window of 12 days.
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Fig.10C Spacetime distribution of tremors from the ECM catalog and low-frequency earthquakes from the JMA catalog
in Kii peninsula with a time window of 12 days.
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Fig.11 (a) Spacetime distribution of starting points (green circle) and direction (arrow) of migrating tremors from the
ECM catalog in southwest Japan from 2001 to 2008. The length of the solid line attached with arrow indicates the
size of the tremor episode. (b) The percentage of the migration direction at each tremor segment.
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Fig.12 (a)(Left) Relationship between the number of tremor source detection and moment of the slow slip event for each major episode. The blue line is the regression line estimated from the distribution. (Right)
Frequency distribution of the number of the tremor source detection in each episode. The red bar indicates the episode associated with large-size slow slip event with slip parameters estimated by enough
tilting data. Orange bard indicate the episodeassociated with small-size slow slip event with tilting step detected at only a few stations. (b) Spatial distribution of cumulative slip amount along the profile of
A-B and C-D as shown in Fig.2. Yellow bars are cumulative slip amounts estimated from all of the tremor episodes. Green bars indicate the cumulative slip amounts from the tremor episode associated
with the large-size slow slip events. (c) Time history of the cumulative slip amount at each point indicated in the insert map on the upper-left corner. Red lines indicate cumulative slip amounts estimated
from all of the tremor episodes. Green dotted lines indicate the cumulative slip amounts from the tremor episode associated with the large-size slow slip events. Dashed lines are regression line estimated
from each area.
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