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In 1998, we conducted an ocean bottom seismograph (OBS) experiment in the Sea of
Japan northwest off Shakotan Peninsula, Hokkaido. Bearing in mind the principle of
reciprocity, the seismograms caused by a shot array of airguns at the sea surface and
recorded at a single OBS station are identical to the time series that would be recorded by
an array of receivers at the shot locations if an airgun shot were fired at the location of the
OBS. The array system consists of 10 airgun shots and dimension is about 600m. We
determined directions and magnitudes of slowness vectors of incoming waves across the shot
array of airguns by using the semblance analysis. We can detect a coherent wave train after
the direct water wave and the phase reflected at a discontinuity beneath the sea bottom.
This result indicates that the wave train comes from a local scatterer located 11 km
southwest of the OBS and 4.8 km in depth beneath the sea bottom. The scatterer may be
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a fault beneath the sea bottom. It may be possible to obtain realistic crustal structure by
analyzing scattered waves in addition to conventional seismic refraction profiling.
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1998 £ 10 A 9 H2* 5 22 Hic 2T ¢, AMpEESEEALEHR ) BANE (RAMEEAHEE) <F
BB 2B ALRERE*1T- 72 (Fig. 1).
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Fig.1. The study area showing the 3 profiles and OBS positions. The OBS shown by
triangle was not recovered. The data from OBS5 (closed circle) are analyzed in
this study. Star represents the epicenter of the 1940 off Shakotan Peninsula
Earthquake (M7.5). Thick curved lines represent active faults (The Research
Group for Active Faults of Japan, 1991). Inset, regional map showing the location
of the study area (a rectangularly bounded region).
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Z 2T, Betti oMK EREEEZ 5 & BIR & BB L oI 2R HRESK Y SLOD T,
Yavy FT VAT AlEEE ORI, BIFECBRASOMEF AR T, BEMEHD
WEICHLEEPLFMEINMEES, BEED 3 » F 7V A TBBIL 2258k E Fifilc i b
(Aki and Richards, 1980). 2% 9, a v FT LA 2BUETLVA L RETZ LN TE S,
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(Frequency-Wave number) & (Capon, 1969) ®+> 75> 2@ (Neidell and Taner, 1971)
HET LN S, FK @ BIC 3B N7 RERFIDEF TR S I, RFRD & ) 7@ER L
R 2R ATHERS Tk, BRAHCHEREY &L 2R YA > P8R, A7 Pk
EREEDEL G HAREEN D B (IR, 2001) DT, KRR TIELY 77 AEZHWLZ LI
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Fig. 2. The positions of OBS (box) and shot points (crosses) used
in this study. The numbers attached to the crosses repre-
sent the shot numbers. The x-and y-axes coincide with the
east and north directions, respectively. The origin of the
coordinate system (x, y) is the position of the OBS5.
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3. Synthetic seismograms for the 10 scattered wavelets, which have random
arrival times and random slownesses. Each wavelet has the sine shape with
one cycle of 10Hz. The tested shot-array configuration is the same as that
for the present observation. The numbers attached to the seismograms
represent the shot numbers.
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Fig. 4. (a) Random values of the arrival times ¢ and the slowness Px given in

the simulation, where Py is x-component of slowness vector of incoming
plane wave. (b) Estimated values of ¢ and Px by using the semblance
analysis for the seismograms shown in Fig.3.
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BRI T, BWBOEMIZIZY 3 v FESEIRT, ER> LHMIT 2 L, W a lIBIEr S OHEE
B, WERED ITHEREIE D & O SHHE, BB c IIELEWOWHE a VIBE TR SN, S LIHBE TR
HENW, BEEEJIIHEBEY L OREE D 7EE CTREINLZETH 3,

Fig. s DU bitHE N> 75 v A flie, FRED L ORBIFMLE x, ¥ 5H ORH,
MAEAM) DAT—F AP, Pl TENFNIY I—< 7 TRT (Fig.6). 2u—32%
AEL 274 > FyoR3wid, 0.04s & L7z, 2.3 sfiiciEd 218b » T & L EZWHF)
KLTWD, BHETIE, TvA4DEELBEMETORAREE L TWEDT, H LHEGH
BETIEEEL TWIITEZEEN AT —RAANKERIT 012X 53TCTH 5%, Fig. 6 TIIHEER
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Fig.5. Butterworth band-pass filtered (5—40Hz) vertical component seismograms
from OBS5. The numbers attached to the seismograms represent the shot
numbers. Triangles denote the clear coherent phases in the shot-array.
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Fig. 6. Semblance calculated for the seismograms shown in Fig.5. E-W
and N-S components of linear semblance are plotted as functions of
Py, Py and ¢, where Px and P, are E-W and N-S components of
slowness vector of incoming plane wave, respectively and ¢ is a lapse
time.
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&-T, IN% PHEOBELE EBERL PP —XK Table 1. P-wave velocity structure model
Mo AT B &, MREOMET O Pk Rk used to determine a scatterer.
, Tk HE

wrbpis, somonssooneins  m T
ZENTEL, SREBLNIT—FH 5 LG - 3.5 1.5
fit, (1999) 12 & » THEE 2 L7z Line 2 EF ) P - L7
PR % Fig. 9ICRY. e b, AR 0.9 28
Ti3 OBS5 T 0 P W K% % Tablel 0 o i1
FOITEL, e BRFEI D LiIC LY, oo 6.5

BERNMIE# HET 5. 22T, WEMER

DB IFIRAMETET TH 2 LIREL 2. BEWEONMEIXT VA 2 5@liIcE & £ 11 km, #BE
PLNEEIHASKkm DEZAICKH LN, Fig 8lcBirse—27%> 75> ZMENH 80%ic
L7225 0.5D 3> 7 —DHHN% BEMKNEDBEOEHI L KET 5 &, BEIIKEHFEIZKS
km, $SEHEICH 4km &% B,

VI % & &

JHEER S SO B CITO N BERES L = 7 7> 2 v ALEREN T —
Zh HLHEE E B L BERONE % #E L 72, HEBICEDE, T Diay PTVA
& BEHEER # AR TH 2, HB5 N EER& 2 BERER» &5 S 2 EN 2 i b
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Fig.9. P-wave velocity structure of Line 2 (Yamashina et al., 1999).
Triangles represent OBS positions and the attached numbers are OBS
numbers.



230 M mR-KIL B-WR ES - RBEET

Day PTPUATEAILLEGERLLT, 2> 790 REBICE VRELE L BbN 2 BEBER
WU, BEREHMHEO PR EERELREL, BERE2UEBIELILICL), BEMKIZT
VAZLEEIZBLZ 11km, BE»LDRSIWL.8km DL ZAHIIKD L2, ZNHEEIE, B
KBETORARDANT7 )~ T —BHNREIBRA SN, 7V — | DUBRALDRIEI TR 1L
TWaEZAHTHY (EAK, 1984), Fig. 1 D& H 2k CITIZMBEFENB L FEL T3 (EWE

e, 1991), 4 EHEE 2 N EKEURITZ 7L — b Db AR A BRAC B L 72/ B 7 R EC T B
b L,

SHOYWERE LU, ZANVT Iy T8ROI TH D ay PRE L5 ~ELT
52k, HEOBEHNOT =% a v b TV A DiHE BV TZNETIER 24TV, FUEKEL
ir LERL 222 BHOT VA CTRELEERE L2 SH LI L ErFEZ o5, 72, BH,
BEH L WIMEENLERNOBELRET L LI LT RBISHROBETH S ). R
D HATh T E L BITEEIC & BTSN T, ARD & ) RBEEOBE21T) 2 2ick Y,
IV BEN T B ERE 2 HET DI A TE R LI E LI EHIFEND.

BEE BT, RALKFEO BESERIENR, B RERSEO SRS, E AR
FrOBAERBIRIC SR M N ETREZ L2, SR LTE#HL £ 3. ABFRIIRRREHE
Rk 7 2 777 4 (1998—B-09) DEEh#Z1T F L7,
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