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To understand slow earthquakes recently discovered in world subduction zones, we
observed and investigated broadband seismic data mainly in the Nankai subduction zone.
We determined accurate location of tectonic tremor, revealed statistical properties of
tremor and slow earthquakes, and presented a model in which tremor zones are formed
through long-term plate motion. We also presented a new plate model of the Philippine
Sea plate.

SR TEHA
(BAEHAT - 1)
B LiEESES ¢ =
200 84 11, 400, 000 3,420, 000 14, 820, 000
200 9 1, 300, 000 390, 000 1, 690, 000
201 04 1, 800, 000 540, 000 2, 340, 000
FIE
FE
ik 14, 500, 000 4,350, 000 18, 850, 000

kS

FHOFE 5 - AF  HOSRERAHE - (8 R HUBR R B
XU K HEELS
&, FRAC 2D OBRITE—0D$ -

PEHAROREW N7 7IEAAARTHE TR IND
DOHRNRERHIBETE 5, HATLT L— b
® 30-35km ZEGEHRITEE, 1946 4F m RS
OERKIEENEO BRI OTHETH Y |
BEMES R SN D, FHEBIOBGIT R
BHTEEIN TS, ABFENAEEHICX
S TE— A N &k R VX HEM 7 B4 B

SOMEBZRQZDIEERTREZLO LRE
LY (.

Do VWHBED R — VBRI H 7= 7258
DT T 4T ORIO—HCT T, b
S OWHEOMH o RIIRZIZTE AL
Th D, TOAFEHEMROT- OITIZEEET
IXEFTHA KD BV B AR TH GO R



ZEM 7R IR D VI O T2 2 L B
WwWeEzohb,

2. WHEOHK

TEFH R STz - <) HEBITHIERED
T AMETTZ DA HER OB 13072, 2D
AH=ZALE LT TH D, KELRIT
FonHMBEBORE o XA 2 BT AI00%
WSRO HFETZT T, o< Y HEDOHE
EHLHAMEND D, AT TIIHES
BB FE TORPAORIRD T — O K5 i
Hrick>T, 0.1 b H &) KV
WTWwo < W HEORMZEMOMEE 25
NET 5, HET —X L MR AET — 4 24
— T B T I IR SR B R & B
7 W IR A O s 2 RO T T 9 . L
RN FIEOBRREEIT VRN P - ) HiE
DOEENFHET VEBET S, S DISHEB)F
HETNVERNT, BRICHLIMBEA =X
DRI~ 5, BRI 8 O #iEE
& Dl Z 5@ U adE I C BB S & PR .
KHEOREEZ THT D ETDOD - HE
BOBREBET D,

3. WD HiE
WFFE TR FEIC TRED 3 DI I NS,

(1) BT —2 Offr : EFEBEIZ X DP -
S WHEBOT — X Z T3 5 12 DI B RE
MG OERET — ¥ R A7, ENEE) %2 5 5
T A —FTHURT LRSS, £-HL
WVEETRIR EE THE BIRR TR R R IR EE ) %
FERSE D, TE AAREEOKE R MET
—Z AT 5 L & bICEDE%DOE S REE
DT RY EBHEDT DT T L— k&
LT 5, #HEE LIZBIROS 2 W o
HETE U7z B ARF S O R R S04 & Lk
L. Wo< WHIE L EARAT 7 L— h O %]
FHRHREA O N T D, Flowo-< D HIE
& % 7o DIl O HEE O Y fE
HEEHE DHEE & ~ VT A — VI3
DA N— g EERANTITI,
EEEIRE BB E A N — 3 VBB
LAk & Zp ik O ENE BN @ A 5, R -
2 [0 72 PEh 0D IR 58 i & B D RF () ks
ER D A1T 9 12O E G B T —
2 0> BISEh O BIRALE & HEE T 5 Tk B
L., T — 2 LR AMENERT — ¥ X
— AEVERT D, DT —H _X— A L E Y
REEERA 2= 3 URMTHRE R D i 217
I, IHIZTL— MEIRBIONEE - 5%
1, B R WE OME & B LRI E
B DOZEMEND RN 2 ELET 5,

(2) ERRFHUEEELA « 25 RPN RS IR RS R
1T 9. WFIEBRARREICERE T 4 T o > Tk
P B D INHIR R 2 E MR T 5,
I 51 'y bOREIHIER & GRS E
ZIENLBISE 2D BT 5, PEERRES
WFFE AT O B BB & B SR AR A e
OIEFHUEBIN R AFIHT 5, BT —2 7
OEEAMA N OB EZITV, EIOTEE)
JE LR A X N OIRENE O E R
WAIT 9,

(3) WwoL WHEOYHET ML : T—HD
INTHRER NS D - < W HEOMHEET /LI
Hif % 5 25, KA TORRZICREN S
BRI AT NIV DB BE L, KW AT
—/VEIPH, AR T FTRE e o < D)
HEDE—RAL ML — FAXT MNLD A
— VBRI R T 5, FI2ZDART FLE
TV % BEAF O W BRYERI CRLA AT RE DR
b, 77U iEEBG - WHEET VEHND
THENEEI 25T %,

4. WrIERLE

R P DORAIAZHE TEREL TN DH Do <
D MR DI AR AR D 728D ML ASA T
7 OO AR ] J52 5 S0 AEC ) A B & RS S0 AT
Lice ZDIDDORET —F ZHHET 5720
DT —=F P —"—%rH BT, MEMEHI o7
D D JEAIRHURFHEA . ZHIRANO 2 B
ICRE LTz, 2D DT —Z N OIMENEE D
WRTRIFAT 21T > 72, Th b OiEB Z i@ T
UFoZ &EZHBMT LT,

(1) BRENEENL T 7 v L EBR 2R 7 v
BRELTRHUTEABZLERLE, EBIC
Z DRI EL T HIiEEBE L AA L
A — Rk oFT — XA L7z, S5
T OHEEIEDOFIEALN—2 3 U HBIR L, U
FEEE O EN @ L7,

(2) AKJE B TR & B E 0 D B IR
PRIRTE T 2 5, FH BRI xR E v %
BA%E L. B ARZEOEE M HET — &~ H
L7c, WG 6 IMEEEFHE TOHR 2000
8 OB JE I H05R oD FH o R IR 1 A R S LS R
ETHI LI L, #HEIX T L — MER
W > THRWEH TRAELTND Z & 522
% k7=

(3) WEIDO AR EEDL LITBEOT L —
N B OEBNELN T 4V BT L — b
WA B EE L TWAZ L2 RALE
(K1), ZOWHOHFELEZIEAARIZENT
TREENRIE S ALG S & UE O R Tkl



NTWNWDZ EDORPRRFIAE 2> TN D,

Depth (km)
I
25 50 75 100

36"

A Quaternary Volcano
- O Inland LFE

327 P +» Subduction LFE

O M>6 EQ (1960-2010)
Wy [0 M>6 EQ (1925-1959)
130° 132° 134° 136° 138"

X1 :WHobd7 4V T L— FOE
BTN

(4) METPEERIZIBVT 2004 4E~2009 4E £ T
D 5 D EHEE OMBNER T — ¥ X— A %
BT 5 Z LIS Lz, £DOF —H_X—2
Ze N TC DU ] VS R 0O 5 B 5 A i AR D REIM &
A L7 & 2 A, TREh Ok & BEhR O
RFZE) 70 X2 — 0 38 KON I T %4
DB FHBEN S 5 Z LR b
7o FET-BRENFIIALVE rE BT AT 2 FEEH O
REEZR->TRBY, ZhnilEo 7 L—h
TEEN O F A ERIGT D ERHL NS
7= (XK2),

T y o y T
132 133

X 2 ¢ PULEPEHE TIRIE S ALTZ TRERED D R IR
& X ORI

5. FreRFiRLE
(WFgEfeg . Mo K OSBEERF TR 4 1
=Ny

UEEam) (B 1010)

1. Ohta, K., and S. Ide, Precise
hypocenter distribution of deep low
- frequency earthquakes and its
relationship to the local geometry of

7.

8.

10.

the subducting plate in the Nankai
subduction zone, Japan, Journal of
Geophysical Research, 116, B01308,
doi:10.1029/2010JB007857, 2011.

Ide, S., K. Shiomi, K. Mochizuki, T.
Tonegawa, and G. Kimura, Split
Philippine Sea plate beneath Japan,
Geophysical Research Letters, 37,

121304, doi:10. 1029/2010GL044585,
2010.
Ide, S., Striations, duration,

migration and tidal response in deep
tremor, Nature, 460, 356-359,
doi:10. 1038/nature09251, 2010.

Ide, S., Quantifying the time function
of nonvolcanic tremor based on a
stochastic model, Journal of
Geophysical Research, 115, B08313,
doi:10.1029/2009JB000829, 2010.

Beroza, G. C. and S. Ide, Deep tremors
and slow quakes, Science, 324,
1025-1026, 2009.

Brown, J. R., G. C. Beroza, S. Ide,
Ohta, K., Shelly, D. R., Schwartz, S.
Y., Rabbel, W., Thorwart, M., and Kao,
H. Deep low—frequency earthquakes in
tremor localize to the plate interface
in multiple subduction zones,
Geophysical Research Letters, 36,
1.19306, doi:10. 1029/2009GL040027,
2009/10.

FH, HERABBRO R 7 — KA
PE, MR 2, 61(60 JH4EREE ),
$329-S338, 2009.

Ide, S., ABrownian walk model for slow
earthquakes, Geophysical Research
Letters, 35, L17301,
doi:10.1029/2008GL034821, 2008.

Ohta, K., and S. Ide, A precise
hypocenter determination method using
network correlation coefficients and
its application to deep low—frequency
earthquakes, Earth Planets Space, 60,
877-882, 2008.

Ide, S., K. Imanishi, Y. Yoshida, G.
C. Beroza, and D. R. Shelly, Bridging
the gap between seismically and
geodetically detected slow




1

(=

earthquakes, Geophysical Research
Letters, 35, L10305,
doi:10.1029/2008GL034014, 2008.

=%KR) Gr2514)

Aso, N., and S. 1Ide, Volcanic?
Non—-Volcanic? Low—Frequency
Earthquakes beneath Osaka Bay — Event
Search from Continuous Records, AGU
2010 Fall Meeting, 2010 4 12 H 14 H,
San Francisco, CA, USA.

Ide, S., Striations tremor
duration controlling diverse tremor
from western Shikoku to
AGU 2010 Fall

and

behavior:
world tremor zones,

Meeting, 2010 4 12 H 13 H, San
Francisco, CA, USA.
Tamura, S., and S. Ide, Numerical

modering for branching faults in a
subduction system, AGU 2010 Fall
Meeting, 2010 4 12 H 13 H, San
Francisco, CA, USA.

H AT, REARE) O BRI - ke
- BEhRR - WIWILE, HAMESS
2010 FEERZIRE, 2010410 H 28 H,

NN

WRAE MSC, FREHE B, RERVE OARJE B
HEITKILMEN? ~ERIRET — 4 %
i > IR ORI ~, HAHEZS
2010 FEEFKF RS, 2010 4210 H 27 H,
NS

HHAT - YR - LH A - R &
e AMT, WEBARTOMALE ¢
Ve RL— b, BAHIETS 2010 4

FERKZR RS, 2010 4= 10 A 27 H, &k
il
Ide, S., Striations, duration,

migration and tidal response in deep
tremor, 8th Joint Meeting of UJNR
Panel on Earthquake Research, 2010
10 A 22 H, EMM.

T - WA - LN - R E
e ARKRE, HEABARTOWRH L7 4
Ve L — R, HAHEZSE 11T4H
RS, 20104E9 H 19 B, L.

Ide, S., Time function and spatial
migration of non-volcanic tremor,
Meeting of Americas, 2010 4 8 H 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

H, Foz do Iguassu, Brasil.

H Y, MRBETT VA2 F W
KA SE ORFMBEKOE &, BAR
HIER R R A 2010 2 R4S, 2010 4R
5H 18 H, THM.

Ide, S., What is a characteristic time
of nonvolcanic tremor in slow
earthquakes? AGU 2009 Fall Meeting,
2009 £ 12 A 15 H, San Francisco, CA,
USA.

Ohta, K. and Ide, S., Precise
hypocenter distribution of deep
low—frequency earthquakes and its

relationship to the local geometry of
the subducting plate in Nankai
subduction zone, Japan, AGU 2009 Fall
Meeting, 2009 4 12 H 14 H, San
Francisco, CA, USA

FE T, R A B S5Eh OD RE RF E
BoHEE, BARMETS 2009 FKER
£ 2009 4F 10 H 23 H, FHLH.

Ide, S., Characteristics and
interpretation of slow earthquakes,
French—Japanese International
Workshop on Earthquake Source, 2009
410 H 5 A, Paris—Orleans, France

KHE fas, HHE, mifE s 7 7ikAaA
T BT D VRN JE I H R O K 5 R
TR A & R 7 L — M & o
£%, HARHERECE R A 2009 4 K42,
2009 £ 5 H 17 A, THEM.

Ohta, K. and Ide, S., Precise
Hypocenter Distribution of Deep
Low—Frequency Earthquakes and Its

Relationship to the Local Geometry of
the Subducting Plate in Nankai
Subduction Zone, Japan, SSA 2009
Annual Meeting, 2009 4 4 H 10 H,
Monterey, CA, USA.

Ide, S., Scaling and Statistics of
Moment Rate Functions of Slow
Earthquakes., SSA 2009 Annual Meeting
2009 4£ 4 H 9 H, Monterey, CA, USA.

Uchide, T., and Ide, S.,
Self-Similarity of Earthquake Rupture
Growth in Parkfield Area, SSA 2009
Annual Meeting, 2009 &4 4 H 9 H,
Monterey, CA, USA.



19. Ide, S., Characteristics &
Interpretation of Seismic Slow
Earthquakes, Brinson Lecture Series
Carnegie Institution of Washington,
DTM, 2009/3/4, Washingon DC, USA.

20. Ide, S., Characteritics, Scaling &
Interpretation of Slow Earthquakes,
TASPET 2009, General Assembly,
2009/1/14, Cape Town, South Africa

21. Ide, S., G. C. Beroza, D. R. Shelly,
K. Ohta, J. R. Brown, K. Imanishi, Are
slow slip events more than the
cumulative sum of slip in tremor? AGU
Fall Meeting, 2008/12/18, San

Francisco, CA, USA.

22. Ide, S., ABrownian Walk Model for Slow
Earthquakes, AGU  Fall Meeting,
2008/12/17, San Francisco, CA, USA.

23. 1Ide, S., ABrownian Walk Model for Slow
Earthquakes, ASC-SSJ Meeting 2008,
2008/11/26, < IXi.

24. 1Ide, S., K. Imanishi, Y. Yoshida, G.
C. Beroza, D. R. Shelly, Bridging the
gap between seismically and
geodetically detected slow
earthquakes, SSA 2008 Annual Meeting,
2008/4/18, Santa Fe, NM, USA.

25. Ide, S., Episodic tremor and slip in
Japan, 2008 IRIS Workshop, 2008/6/6,
Stevenson, WA, USA.

6. WFIER

(D) #rgefRass

JEH# (IDE  SATOSHI)

B RS « KFPeE RS RL - a2
FgE8 %5 © 90292713

) W9 sr s

ApaFE (IMANISHI KAZUTOSHI)
PEEF IR AT - BFEE
WgeEFE - 70356517

&~ (HIROSE HITOSHI)
5 S B A FIE T - SR
WFFEE 5 + 00465965

W, B2 (SHIOMI KATSUHIKO)
5 SE B HANFZE T « EAERFZER

W% 5« 20500375

(3) HEEMF IR



