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Kurile 1958 1 year aftershocks(relocated)
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Kurile 1963 2 months aftershocks(relocated)
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Kurile 1969 Foreshocks (JMA)
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Kurile 2006 Foreshocks (JMA)
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Kurile 1994 Foreshocks (JMA)
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104 631013 51756.48 0.41 149.3496 0.0373 44.7642 0.0230 48.31 3.68 8.1233 1. 645
105 631013 7 352.35 2.59 148.5509 0.1946 45.0906 0.0784267.6225.25 0.0 46 1.945
106 631013 91621.44 4.63 150.3277 0.0871 44.6618 0.0546 0.0028.45 0.0 88 2. 391
107 631013124222.86 1.15 147.8910 0.0996 44.3905 0.0609105.5910.26 0.0 96 2. 761
108 631013125828. 61 3.93 151.1015 0.0928 45.0053 0.0509 0.0024.22 0.0150 2. 838
109 631013142615. 09 0.53 149.5741 0.0365 44.5486 0.0235 49.93 4.79 0.0 93 1.093
110 63101316 0 4.57 0.36 149.9607 0.0325 45.4798 0.0218 85.57 3.29 0.0223 1. 456
111 631013172553.97 3.19 151.0596 0.0607 44.8202 0.0431 0.0019.71 0.0 89 1.937
112 631014 4 612.56 0. 64 149.2116 0.0589 44.9890 0.0378100.97 5.79 0.0172 2. 361
113 631014 41118.37 0.88 150. 6988 0.0400 44.7993 0.0274 55.96 7.93 0.0118 1.358
114 631014132147. 03 0.40 150.5892 0.0343 44.8441 0.0223 57.67 3.72 0.0215 1.514
115 631015 8 020.10 1.63 149.8183 0.1033 45.3234 0.0668 96.5915.13 0.0 74 2.757
116 631015 9 226.96 4.21 148.3428 0. 1732 45.2985 0.0989166. 2838.87 0.0 64 3.586
118 631015104723.22 4.68 147.7433 0.2105 44.2931 0.0579119. 0540. 63 0.0 47 1.834
119 631015182351. 69 3.87 151.7899 0.0757 45.3342 0.0490 0.0024.16 0.0 81 2. 131
120 6310162131 1.96 1.16 149.1934 0.0846 45.3219 0.0505 70.1411.23 0.0 59 1.772
121 631017232437.76 0.44 149.0415 0. 0400 44.6757 0.0237 45.97 3.98 0.0196 1.629
122 631018 85327.43 4.87 151.6448 0.1265 44.9180 0.0590 11.8430.03 0.0 67 2. 147
123 6310182123 9.79 1.00 149.2032 0. 1255 45. 3415 0.0531142.04 8.92 0.0 62 1.693
124 631019161511.68 2. 87 151.2400 0.0426 44.9019 0.0307 0.0017.73 0.0 97 1.421
125 631020 05320. 14 0.57 149.6801 0.0528 44.8706 0.0329 80.92 5.23 0.0209 2. 291
126 631020 91047.28 0.34 149.7161 0.0297 44.4730 0.0180 48.60 3.06 0.0205 1.246
127 631020115238. 72 0. 84 148.6521 0.0828 44.9388 0.0409126.92 7.41 0.0166 2.538
128 631020174141.04 0.86 148.7687 0.0706 44.7062 0.0484106.86 7.97 0.0 84 2.174
129 631020175856.36 7.51 150.7678 0.1679 44.4471 0.0646 12.6645.71 0.0 64 2.308
130 631021172037.72 3.06 150.6710 0.0563 44.2502 0.0349 0.0018.89 0.0113 1.763
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2) HBBRT — & OfFAT

2—1) 1963 fERIBIHE RHIBDORARBEDOEIEWA L /N— g 1T & B BRI BEMENT
2—1—1) FLdIic

1963410 H 20 H 09¢53 73 118>, RILE D 44.7°N, 150.7°E, RS =10km T1963
H 10 H 13 HOPRIESHE RKRHEOR KRENEAE L. WiE/ T A—4L Schwarts and
Ruff (1987) LV E1T = 225", A = 15", 70 = 90" LHEEIN TS, MBI AE
EHH T2 LHEEM O L5, FPEANCALE TS (Fukao, 1979) (X 14).

:@i&%&:ﬂﬂﬁ%@%ﬁ*ﬁ@b@c:ef%k%fiﬁiﬁbi%ib, KEPERA TR —Y 7RI ABHEL

CEREoESIE, vy TS 10 ~ 15 m, RS 7T ~ 8 m, E%E 0.5 m, S 0.7
~ 0.8 m. FNTIIBITHEKORERERIEIX 50 cm ((EL 1998). HDES iﬁﬁﬁ’]

WICKRBEDOERED 0.4 (ETHoT-. 122 ITHVTHN=TICBITHHEEOESIIAREDEES 70

cm, e RBREOHA 30 cm. LUK T T i&fwﬁ%fxé{&ﬁx%‘ééb s %T
AREOLE 5 m THoZOIZKL, HRRETIE 10~15 m I KELI2o7-. WiET

TRESRS NI W ORIEN D, ORI RO B2 (Solovev, 1965 and Hatord,
1971). Hatori (1971) OEMEIHIFEAX 15 (RT. FERNEOILN0G, AFEEIEL 100
kmX60 km EHEESNTZ (Fukao, 1979) (X 14).

I R & TEFE T DRk 2 7o RIS, MR OO DI ELEFE O R A IEFICEL, B
OB NBRSNSZE (Kanamori, 1972) <X°, HEHENLRD LN HEET— ALY,
TP HORDONIZHEET— A MOIFHIDVNSSAFELONDZE (Ward, 1982) 728 NZEITF5H
5. Fl-EER RO RFIIMO 7 L — g R B TR O RIR I 0 7 < HHEIZIE R IV ST T
EL IRV ROHEFE 2D -< VA2 (Wiens, 1989). Satake and Tanioka (1999) 1%

RSDERE T CRALT-HUEE, ©o<iENHET 72 HUE S D D0 1T I 28 8 53 jt
%<, B DMEHAL SHVEER IR L7 D LR R TN,

1963 F PR BT E KB O R KR EO R B WIMER L@l e ki 358, EEEROD
IZIEF I NSO HE I M S 7= (Fukao, 1979). RARICEK mIK OIRIEDHVIZETH K&/
A 234 L2 (Kanamori, 1972 and Abe, 1981). Abe (1979) LV RSN~/ =F =
—K M = 7.9 1 ZERFE AT LV RO SN HIEET—AF 0.6X1020 Nm (Mw = 7.1) (Wiens,
1989)C K M KM LV RO ONT-HEE—AF 0.7X1020 Nm (Mw = 7.2) (Furumoto,
1979) (2T 0.5 LLEREL, HEMETHLEE 25, Abe (1981) Xk oni=F i~
=Fa—ReE~/ =F 2—FO%RE X 1612577. £/2Fukao (1979) XoZo#iE L, #iE
DORFED DOV IHBERFE DR N EL, MEHEATEOERWIGFT T o< T O MRFA L= 72D HLK
B LIp ST BTN,

AFRE CTIHERE AL N —Ua 128, RRREORFIREEZHEETLHZET, RRREN
AL B TH-T-0)>, T ORBERINEZHSLNTT 5.
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14. Aftershock areas for the largest foreshock (Oct. 12), the mainshock (Oct. 13), and the
largest aftershock (Oct. 20) of the great Kurile earthquake of 1963. Open circles denote the
earthquakes which occurred during the interval of the largest foreshock and the mainshock.

Crosses represent the earthquakes which occurred within 3 days after the largest aftershock.

(from Fukao, 1979)
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15. Geographic distribution of the estimated source areas of tsunamis in the region from
Hokkaido to South Kuriles during the last 76 years (1894 - 1969), classified by the
tsunami height at the coast. (from Hatori, 1971)
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16. Relation between Mt and Ms. The straight line shows Mt = Ms. Unusual events of Mt —

Mg

Ms = 0.5 are indicated by open circles with data of event occurrence. (from Abe, 1981)
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2—1—2) HEERET—#% LHiEET L

Rk 21 FEICT VXM EEREL M IEZTTo72 T SO, vo 7 OISk 2 A
(Kurilsk, Matua) 8L UONT A5G ERERKEED A2 ToOMgEsk 5 5 (Nawiliwili, Hilo,
Honolulu, Christmas Island, Wake Island) (X 17, ¥ 18), & H ARDOFEDE CHLIIS A7 HER
TEAEMZ A8 M OB B B2 Uiz, 1B CoMMBIEI&ER IR % VW Ck, X119
R TEDIT, FEERO A IRITITHA B DO FEZI A FLER S TR, MLV IEME THY 7 REZ 23 1E
e THHZENPHER TET LWV EIR CHER ICHERTR THD.

WilgE7 VDT A=HTEAT = 2257, R = 157, T0A = 90" LLT1-. ZOHIEDER
BUTHE R Ch O LA B 2 EFVO7 L —MESR 350 kmx100 kmfREELZ 14 {8 /N A fid
B L7z, Fukao (1979) Xk 7-fkEEE 100 km X 60 km,<° Beck and Ruff (1987) Lk
D OIS REE LRI AL E L7z, /NFE DY A X3 50 km X 50 km &L7z. /NErJE
DONLEZX 20 (277, EFRIIETEET Lol ChEE 14) (T35 ik i B L
TIE 21 FFEOFER LV, 200 FLEU CHUB R FA S U 7= A B G A H A X —Ta
YOFET 21 FELFRTHD.

2—1—3) HEEEA "=V 3 L ORER

IR AL =V ar OfE A2 21 (RS, E-BLREER I Lot B R I o i A X
22 17 . b REST /MWL 13 T 3.2mDO T ROBRHEES L. ZO5FTIEL Fukao
(1979) X° Beck and Ruff (1987)72 & HIGR I FEARMT > HHE E S AL TODIGET LI RIX R UAZ & Tl
O 7T L —MNER THD. EHIT 1963 FAE TIIRERT OB AEL R ST LE ICHEES
TV, LILZENET TS, 1. 5-1.6mO KE2 T RONRE | CHLHEESINZ., 20T 01X
TERR DO FEERZ AT 5720 1IXEH L THME LS. T T R LDITTERR DO FEER DR
FEEEICHTEEIT 2. B EEY 1963 FRIE H B RHUE O R KREOEIRIBITHE TV O 7L —h
BifZ 300kmiZh 7o BVEIRAIEL -5 X 5D, Ziud, EEHEO KSR RFHMES 2
%. MItEEE 4.0 x 10100N/m2 HETHE, HIEE—ACME 1.1 X 1022 Nm (Mw= 8.0) EH#EE
Sz,

2—1—4) B

HER I A N = DR O BV R0 & 534 K0 IS0 T 770 T O E X% 300km
IZHEL TWDEHEES ATz, 2T 1896 ARG = el B 2 & &5 T o MR 20 Hu HIFE D fF
BOOLEDEERD. SHITEERIE AL "=V ar LR L ZEET— A MET 1.1 x 1021
Nm (Mw= 8.0) £720, ZO#EFILFERBEMHT LV RO DN HIEEE— A 0.6X1020 Nm (M
=7.2) (Wiens, 1989) <°, KN LVROOLNTZHIEET—AD 0.7X1020 Nm (Mw =7.2)
(Furumoto, 1979) b CIEWIZKERMELR -T2, ZOFE RIIAR KAENERMECTHHZ
EEAMEICRTHDOTHA.
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17. The tsunami computed area of the 1963 largest aftershock. Blue star shows the
epicenter of the 1963 largest aftershock. Red triangles show the tide gauge stations used in

the tsunami waveform inversion of the 1963 largest aftershocks. A depth contour interval is

3000 m.
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%] 18. Comparison of original waveform (blue) and tsunami waveform after a tide was
removed from original waveform (black) at each station. Horizontal axis is time (min) from

the origin time of the earthquake.
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20. A map showing location of subfaults (red) used for the tsunami waveform inversion of
the 1963 largest aftershock. Small red rectangles of 14 subfaults were located to investigate
the slip distribution of the 1963 largest aftershock. A depth contour interval is 1000 m.
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21. The slip distribution of the 1963 largest aftershock estimated from the tsunami

waveform inversion using 14 subfaults. A depth contour interval is 1000 m.
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22 Comparison of observed (black) and synthetic (red) tsunami waveforms at each station
used in the inversion of the 1963 largest aftershock. Horizontal axis is time (min) from the

origin time of the earthquake and vertical axis is amplitude (cm).
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2 —2) 1958 FRWIHERMBOBBIIL A >N — ¥ a VT & 5 RIGERMBNT

2—2—1) FL®HIic

1958 4 11 A 7 H, FELAALE THIREIPHIEN A LMy 8.3). EJRIX 44.5° N,
148.5° EfifET 5 (X 23). Z OHEIZOREWGIT CHRAE L7 L — MERAHE L ST
W L L Z ORI, @A OGRS EE L TV D, R RN SV, AR
MIEFIIRN e L, T — MERHETII R AT THHBICZ WREDR A v, A7 7 NHE
ThHoTDOTIIBEZLND LI >TETND., X 5HIT 1958 FIRIE B HER 38 2 8 4E S
H, ZOEBITREEZRIE L AT A 2 8L < O 52 O CHEABII S TV 5.
ARETIT Z OMBOMWELRIE 22 72O, KFEHEDFEORET Bl Siviz 18 O
EEHAWTZOHEN T L— MERBHE TH>T-DN AT TNHBE S T-00 %R L. &
BT, FOBEREIEA =2 a ko TTRY BENMAHEE LT-.

2—2—2) HEEEET—#

21 EEEFTITINES NI I G 08k a7 2 AL, W1 2 B BR N HER I T D Hps B i
B TEA L 78— a A A FTREZR 18 ORI CridkS Vo Bl a7 — 2l L7z, AR
ORHRLERT 8 A (B, SIS, JH, =M, WEE, =i, 24, 2, v 7 ORI 1
& (Yuzhno Kurilsk), ~UAFIEZREKELED G 2 ORilzieki 4 & (Guam Island,
Midway Island, Wake Island, Hilo) T MiifTOMrEs X 23 & X 24 (TR-T. ThZEho
AT CRldkENT-T — 2L, MW EZIToT- 1% DOHEE R EE X 25 [TRT.

2—2-3) Fb— MESHEE IR T TR ZHEE
I A R A S & B R A el g5 2 L2 k0 1958 AEIRIE M R HIEE S 7 L — R BE
RIIMECHST-ONATTNMBETH 72O EHETDH. TTEOWRBET VL ETE T
D% 225° KN 90° ICENENEE L. NS OWiIE /YT A % —(% Fukao & Furumoto
(1979) NRAMEREE LV RO bOEH W, £33 AMORESM LV MEOR S %
150 km, B OIEZ 80kn& L7z, 7' L— MR OWIEE 7 VITERHE 207, EIGEBORS 16
km& L7z, 2T 7HHEOWEET VL L THEAZ 20° —60° £ TALSE7. WinOESIE
27.5kn, 37.5km, 47.5kn® 3 2% M\ /o, T EINLDOEIEE T /L0 HELHILE T OHPR Y %
L, B L RO 53X &% HE L, Variance reduction #3758 L, #5HR%
# 212F L 7=, Variance reduction DEWMIKE < 2WA, FORT TNHIEBEOWEETT V4
o THHAESINDAWBIZ T L — FERATIHEBEOETT ANLHE SN L 0 BIHE E2 B <
MATCED Z LN notz. DFED, 1958 FFHIEME KHIEIZA 7 7THAMIE Ch -7 & B X bl
5. ROBIHBIE 2l T E 27 VIR 40° , EWIROWERS 37.5 mTh-72. X 26
\ZAEBE & Yuzhno Kurilsk T, #HEE &7 L— MEHEOWE T T L5 EHRE S5 38R P
LD AT TNHIERIEE T VDA SN ORI A I Lo, BODIEZARICKRELI R
A%
WICAZ TRNHEE LT, WiEofE, RS, Wi LEZT, BELFIE L, BHNE L&
B & i LT 27T \ZWiEET LV OALE %~ L, # 3|2 Variance reduction O R % & &
Wiz, MEZEZDEBHEE EHEREOABWTELS 25003005, L LESEEZZ
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I# T Variance reduction [Z K& 2B LI R 6 7e o7z,

2—2—4) BEEEA =V a CFRE

AfFENT OWiE € 7 /1% Variance Reduction 23 b @72 A7 7IWHIEOKIEET /v GEIT
225° , fEEME 40° , TV 90° , EIHOES 37.5km) Ao, R 28 1IZR T X
2T 48 D/ hfE (KX 25 km, 1F 20 km) (2 L7z, &/ i@ oA S5 A5 BLlE TO
BRI E 7Y — B E LTHY, BB v N—T a v EB IRV E/NETE T3
D& EZ RO WO 21 FEE TOFREER A =2 a VT L 0 2 <72 o T
5. ZDEDFINCT T T AFRRRUTHEIL L 72 A L—2 > 7 O RS (4t 2004 <° Baba et
al,, 2005)ZHAL, £ N\—VarOEEZR Lz, 20 A =T 3 U TIETRO s(m)
ZE/NCT DR ERD D

s(m)=(d -Gm)" E*(d —Gm)+e’m' Hm )

2T dEBNEET—4%, G137 ) — B GIHREEEY), m #ET 5TV &E, F X
covariance matrix, a AAL— 2 V1R, HIZAL— 7 ® Laplacian operator. & 5|2 A
L=V 7% () 1 X FRED ABIC Z /M 5EEZHWS Z & & L.

ABIC(a? )= N log s(m) - P log(a?) +log|G" E'G +a*H| )
T NEFT—#%. PIIHET 37 A=

2—2—5) BEEEA =2 3 CORER

B A "= a OFER A 29 1TRT. £ BUNESR Y & SR ER IR o i 2 X
30 TR T. BRTADIEL6m THDHN, RES TR FNE—FTTM8 7 7 AL LD T L
— MEFEHERICE RO HERBREOEMHE S ITA LR, ZOMKEL ZOMENR AT TN
HETH-T-Z L LRI THD. MMERZ 6.5x1010 N/m2 ERET D &, 1958 A-RIE ki
BOTRYBSMEVFEIAZ#MEE— AL ME 1.7x1020 Nm Mw 8.1) £ 72 5.
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23 The tsunami computed area of the 1958 great Etorofu earthquake. Blue star shows the
epicenter of the 1958 great Etorofu earthquake. Red triangles show the tide gauge stations

used in the tsunami waveform analysis. A depth contour interval is 3000 m.
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24 A map near the source area of the 1958 Etorofu great earthquake. Blue star shows the
epicenter of the 1958 earthquake. Red triangles show the tide gauge stations in Japan used

in the tsunami waveform inversion. A depth contour interval is 1000 m.

37



L L L L L L L L L L

Yuzhno Kurilsk Hanasaki

0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420

L L L L L L L L L L L I

Kushiro Urakawa
m M’MWW

0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420

Hakodate Miyako

e eSS\ et N N A Nttt
»——«,/\/\/\/\/\/\/\[\/\N\/ —_— e

0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420

L L L L L i

Kamaishi Onagawa

| A NN ANV A,

0 60 120 180 2-&-0 300 360 420 0 60 120 180 240 300 360 420

Muroran

”_/—A—N\’/\f‘\_,

[im

25 Comparison of original waveform (blue) and tsunami waveform after a tide was
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removed from original waveform (black) at each station. Horizontal axis is time (min)

from the origin time of the earthquake.
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25 (continue)
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26 Comparison of observed tsunami waveforms (black) and computed tsunami waveforms
(red) at Yuzhno Kurilsk and Hanasaki for the interplate earthquake model and the intraplate
(slab) earthquake model
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27 The location of various fault models for the 1958 Etorofu earthquake. Black fault

model is the original. Blue fault model moves 50km toward northeast. Yellow one moves

50km toward southwest. Green one is 50km wider.
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28 A map showing location of subfaults used for the tsunami waveform inversion of the
1958 Etorofu earthquake. Small rectangles (solid and dashed) of 48 subfaults were located to
investigate the slip distribution of the 1958 earthquake. A depth contour interval is 1000 m.
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48’
The slip distribution of the 1958 Etorofu earthquake estimated from the tsunami

1

29
waveform inversion using 48 subfaults. A depth contour interval is 1000 m.
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30 Comparison of observed (black) and synthetic (red) tsunami waveforms at each station
used in the inversion of the 1958 Etorofu earthquake. Horizontal axis is time (min) from the

origin time of the earthquake and vertical axis is amplitude (cm).
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3% 2 Variance reductions of various fault models
Green column is for the interplate earthquake model.

Blue column is for the best model

depth (km) dip C ) slip (m) VR
16 20 1.6 53
27.5 20 1.6 56
27.5 30 1.7 59
27.5 40 1.7 60
27.5 50 1.8 59
27.5 60 1.8 58
37.5 20 1.8 58
37.5 30 1.8 61
37.5 40 1.9 62
37.5 50 2 61
37.5 60 2 58
47.5 20 1.9 59
47.5 30 1.9 60
47.5 40 2 61
47.5 50 2.1 60
47.5 60 2.1 58
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3% 3 Variance reductions for various fault locations and sizes for the slab earthquake model.

length width slip VR

(km) (km) (m) (%)
Original 150 80 1.9 62
50km SW 150 80 1.6 43
50km NE 150 80 1.4 33
50km SW longer 200 80 1.4 53
50km NE longer 200 80 1.6 54
50km wider 150 130 1.5 61
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