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We conducted broadband seismic observation of artificial explosions on November 28,
1996, in the Kirishima volcanic area, southern Kyushu, Japan. This was the second broadband
seismic observation in this region, following the one in 1994. We installed two broadband
seismometers (STS-2) in the north and south of six explosions, in order to study the shallow
structure of the Kirishima volcanic region. At the two observation sites (KVO and SNY),
seismometers could record all the six explosions. First, we compared waveforms and spectral
data at the two observation sites. This comparison implies the complexity of both source and
site factors. Next, we measured apparent P-wave velocity using arrival times of the initial
P wave. Although some previous studies showed that Karakuni-Dake has high velocity
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anomaly, we do not find high velocity anomaly there. Assuming a simple two-layered model,
the observed travel time can be explained better. Thirdly, there is a secondary wave in
seismogram at SNY whose amplitude is larger than the initial. Its spectrum, particle motion
and travel time imply that it is originated from the existence of a nearly vertical strong
reflection interface in the south of SNY. Finally, using the coda-normalization method, we
estimated the attenuation of the initial and secondary P waves. The frequency characteristics
in the whole area do not indicate significant lateral variations, similar to the velocity
structure. After the studied area is divided into the northern and southern parts, the value of
@,"! has the maximum around 3Hz in the northern part of Iwo-Yama, which indicates that
the representative size of heterogeneity is about 1km and/or larger than this size. €, values
obtained from transverse seismograms agree with those from vertical ones, implying the
possibility to estimate @, well only by vertical component seismometers that are widely
used in explosion observation in volcanic areas.
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1996 4£ 11 A 28 HIZBR A UMKIC B W T ALHBEOBEDIT b 72, RBHMIR THOATHE
DBERIZ 1994 £ (BUNTA, 1995) HEWT2ERTH Y, ZOBRTH RKEHMET AV
nTw3 (BEEA, 1995). S RIOERIT 6 Bl A TIBHE2 BAREE 2 Hz o L TEME
i (L-22D) % Fv»C 288 W& CRisgk ¥ % & MM, [EHtER (STS-2) #HwWwT L-22D
DEBHI L IZRL - 72 2BBAE (1994 F£OBM X [ L FEAHTEE X LBHFT KVO (RiHii
74 1995) DAz, KBMOEH 3km 7 SNY (Fig. 1)) T4k L 72, L& (Bk) Bl 3esy
DT —F v i— (LS 8000 SH) #H\:72. > 7)LEIREIE 4 ms Th 5, B3 KVO & SNY
DEZITFEIE -—FERHFEICM L CRES L (Fig. 1, Table 1, Table 2), 6 E kI 11
A28 BFRTLE 200 b 10 0 kicAiTbirk,

N F TOFBKNBOREEL L ZOHMBOREEICOWT, UToL ) Ly H L2 itk -
TWa, BEEI, FREL S0k TiE 10 km LIRIZE Q-m DIEESTE D A 445 L T
5, CORIADETTIIRE 2~3 km £ TR L~ TH), =7 =hd 03Xk 2D LA
BEEZLNTWD (G, 1996). —F, BENEFEOBRE 4~5km IIZHBEBE K E (R
FET2HENIROLN, ZOEEHIBEEETE CGEL T 2 WHEEYH 2 (R)INZD, 1994).
252, VU FEOBRENT—F2HWRRREL NVEICL - T, BTN FEEZICIZIZEE S [
LU 2 EEAEGE (G132, 1996) OFET 2 THEEI I N TEB Y, ZH3E (1997) i
& o TIEREESE: L TREBI LT 5,

S HEOBPHREN CIMENE TOBEREE2 B0 L LT L-22D #hEHRREES LT3
B, AR THWA Y — REGEEREN STS-2 N0 233k ) RREI N, AHF
TTIIEWT 7 v P R EEBIGER #0.02-120%) SEFZA+F3Iv7Lv >y (140 db) T3
Bior % 508k Y 5 STS-2 e 2iE» L, (1) ¥4 MM, (2) KF»4EEmEE, (3) B
SNBREL, L DRBFHEORRE, (4) &L - WEOREBIKEY 1 & 2T 5,
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Fig. 1. Location of six shot points (S1~S6) (represented by stars),

two STS-2 observation sites (KVO and SNY) (solid rectangles)
of the 1996 Kirishima explosion experiment, the proposed verti-
cal reflection interface (asterisks) and regionalization (Area A
and Area B) for attenuation of the initial P wave.

Table 1. Shot time, location and charge of all the six explosions. (Kagiyama, et
al., in preparation.)

Time (JST) Latitude (N) Longitude (E) Altitude (m) | Charge (kg)
Shot 1 01 : 0201.748” 31°56715.7452” 130°48'10.152” 849 300
Shot 2 01 : 12700.210” 31°56” 8.7216” 130°49'26.9256" 1056 250
Shot 3 01 : 2201.014” 31°56728.5108” 130°50748.966” 1193 250
Shot 4 01 : 32700.521” 31°57" 4.32” 130°51'55.4544” 1151 250
Shot 5 01 : 42701.006” 31°57"31.1832” 130°52739.4536” 826 250
Shot 6 01 : 52°00.343” 31°58" 3.36” 130°53'52.6596” 563 300

Table 2. Locations of two observation points.

Site Latitude (N) | Longitude (E) | Altitude (m)
KVO 31°56"37.32” 130°50'29.52” 1190
SNY 31°53'31.43” 130°51'37.30” 920

II. iR @ % &

Fig. 213 KVO, SNY icBWCHH L7 SHOT 1 & SHOT4 (LLF, SHOT %# S ¢ &E¥)
WENRERRGETH S, KE2ESTZHERY, MEENMREHFMIZT 4 TLUESG (EXT S50
BT AN—AR) T B, HRDBHICOWTHRASDFEEEVO TR % Fig. 31z
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Fig.2. Velocity seismograms recorded at KVO (first and third
panels) and SNY (second and forth) for SHOT 1 (upper two
panels) and SHOT 4 (lower two). The initial time of each
seismogram represents the shot time. In each panel, transverse,
radial and vertical components are shown from top to bottom.
Arrows indicate the arrivals of the secondary wave at SNY.
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Fig.3. Velocity seismograms (vertical component) at KVO (upper)
and SNY (lower) with the same scale for each shot.
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£z BV T KVO i3 SNY ic iR TEBREHSEWIC O b 6T, EERIELH S 2
PAE W, F, HBRMEATS] & S3DRIBIZMOBEICHTARECEHIN TS, S3D
KVO ToRIE» K EWRERIZERESHEE -2 XIcE 2 2#2 5555 SNY THIRIEIKE
WAOT, S1 & S3DRELIRIBIZBHHEDHMBOBEBNERML TWEI0EEZLNE, fiz
W, S1 XIEEELIZITHL W S5 IKILEEY TELN TV 20t L, S1oiidEioZl
ERTH Bzl (FE/ L, 1988 ; Kobayashi et al.,, 1981) F#E S 2D D > 2D TH S ).

Fig. 2 % Fig. 3 #EFICE, EET 5HORS, FERBENREIZTIN T3, ThoD
BB 2 A5 2o, Fig 3IcR S BBk Csk (8% 30 Mo LT iox§
LHER~7 P V% Fig. 417 F. KVO-S 3 (3 lEEEDSE W 2o FIN I B RE DA R0
NTWBDT, 1225 3B Hz D& ZRT., Fig. 4 ITRENZBHED 227 i, Bl S ik
EArERETH Y, BEERCRKEFL TREIKRST S RELC, BElERE 2z EICE-
THRBEL T3, 2027 PVCIEPh b SEADEHRERERE, /A XEragInT
BY, FT/A4AXOEE AR UEN D 5,

KVO, SNY & E TG /2 4 Z (S BHELIRIOEE D 5 B nx~<=7 b i Fig. 41287
KVO DA T P ICIB BN » 72— 7 5% {13137 7 P 7245, S4%S6 Tid 2 Hz Bl
& 4~6 Hz DBBICTF - — 7 R 605, —F, SNY T RTCHBIIZ DWW T 6~10 Hz i<
BELE— 7 %R T, 27 PSR TIREX?KVO 0 10 Ll ERE W, 42, E—77D
BEIBH S L ICRECRL T3, KVO Toité e Hik$ 5 &, 5 Hz ITOEEED S
5~15 Hz FIBIC R TE L (T Lo TW2HELBHETH 5,

/A XZRY P NOIRIBOKE S BT 2 L, SNY TiZS2 & S612DWT 6~10 Hz fHi
DA XBBRENIABTD 20~30BNDKEXTH), BLIZART FNLOEHFEUL Tw2D
T, Fig. 4 » SNY OBHEA7 L 2L B L &Y, 2D/ A XEBRETLLEIH S, SNY
DA XEGDART F NVTHEE Y &) ICKHE LT A LN, /4 ZBEDEE D §TRTOIELHT
FLEEAREREZVDT, TNLDART PAKEITL LY A MEELERICERED 22 L i3 EEE
Tha, #NTH, SNYD LD /) f XF5H5TH 6~THz DE— 7 HHHET 2DT, 4 MM
o TBICZOREBEBIIAS CBIBE N T BRI LG, BUEZNBEORNES L
THSEZE L 1213, V4 MEERM L2 OFBETERT 5 LEF D B,

4EINBR Tt 2 Hz BRI & 2B % BB T 4L » 220 CEBREIIATZ VD5, Bl
Hi32 (1995) % Maeda et al. (1997) & FERRICIEERER (<2 Hz) DA BE SN B, 8
BTH 2Hz UTFOBRE R DOELIRENEELS b b, 72720, 1Hz & D IRBEBEB TR
BHESORER T L v, BEIVAE weWhEEBRLIRITICHZ ) 572002 0¥ —
BEBE N -7, —0F, BE2KVOIZiEWS2, S3, S4icowTit 12 Hz fhENEE %
HBOE— 7 13EFEETICBM I 5 (Fig. 4). 72, BB TRV KVO-S 313 20 Hz
DED#bIZ- &) EFEL, S EDOBERHRNNBIE Tl 20 Hz L EOERE O b 4012
BEINTNE LR TE 5,20 Hz Y L@ R EFIR TIRIRE & BELORMRIZF L <, FRic kil
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Fig. 4. Spectra of the vertical component of the velocity for the waves excited by
explosions (first column: KVO and third: SNY) and for the background noise
(second: KVO and forth: SNY). For signals, the seismic records for 30 seconds
after the shot time, which correspond to the seismograms shown in Fig. 3 are
used. The arbitrary five seconds data prior to the shot times are used for
estimating the noise spectra. Vertical scales for signal spectra are normalized by
epicentral distance and scales for the noise spectra represent original amplitudes.
Note that the amplitude scale for excited waves for KVO is ten times larger than
that for SNY.
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W Tk £ DBAEHIRADT, BENTNESWETH 5%, BHFTOHEL ST H72H1cdb 1Hz
UTOEREFRE HbET, & VBRI LRI & 24 ROF L LHROTREEZ TR T 5

. BHiro PiRRE

FBEXLBOBEEREEICDVTE, INE TV O»OWRYH 5, BEEOIBEICAET S
BREILOTIcZe/ B »H 2 30 (HEITD, 1994), BEEHEOERBHOEEERYE (4L
A-FH, 1994) LI/FWINT 5, P (1997) 1 1994 FOANTHEBEHEENT— 5 L HUEWK M £
777 4 —DFEEAT 3 RTT P EEEMEZ KRS, @HII (1996) N THEE N EEH %
BRI E L TRIBL T3

ARG TIE, BREISEL S d%ﬁ&ﬁi’cﬁ%ﬁﬁﬁﬁ# 10 km DAF & BB D T, BMICELET 2
HEEZPHLIREL T (Maedaetal,1997), BES» LBHEE TCOR» TP HEELHE

. ¥ER%E Table 3icF &b, BREMIBD TR VDIt K KBOFELRLTWS
S3-KVOLUMNIRPITO P WEHEIIHN3.3~3.9 km/s &40, ZEfikILTRAELIFLDE
(2.4~4.2 km/s) #R&N7z (Maeda et al,, 1997) ) & dfREYC, KEHHDKE LRERED
FELLZVERLTNS

Table 3. Epicentral distance, travel time and apparent
P-wave velocity at each source-receiver pair.

SHOT-Site | Distance (km) | Travel time (s) | Velocity (km/s)
S1-KVO 3.7200 1.13 3.29
S2 - KVO 1.8660 0.50 3.73
S3 - KVO 0.57869 0.22 2.63
S4 - KVO 2.4050 0.76 3.16
S5 - KVO 3.7938 1.07 3.55
S6 - KVO 5.9566 1.66 3.59
S1 - SNY 7.4323 2.00 3.72
S2 - SNY 5.9332 1.73 3.43
$3 - SNY 5.5999 166 337
S4 - SNY 6.5747 1.84 3.57
S5 - SNY 7.5631 - -
S6 - SNY 9.1008 2.32 3.92
mean 3.45

ZZ T, MEHFADAEESNELTEFT2RBETVEREEL, £NERMERE BHREE2Z
W7 (Fig, 5). BB N2 WBDERIZNDET L THHCHATE, ERIEOEE LR »
b, PR 3.4 km/s THEEA71.4 km, FTEEBOMEEIX5.1 km/s L HES NS, HH
I (1996) DI EE NEORERD I BT, TLKENERRENEXB LB VIES 1.5 km D5 2
JB (3.6 km/s) %38 (5.8 km/s)icE{—HEHLTw53
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Fig. 5. Travel times of the initial P wave (solid rectangles) and the
secondary wave at SNY (open rectangles), with the travel-time
curve (solid lines) for a flat two-layer model with upper and
lower velocities of 3.4 km/s and 5.1 km/s and the thickness of
the upper layer of 1.4 km. Travel time of the secondary wave
(broken line) at SNY is obtained by assuming the average
P-wave velocity of 3.2 km/s and P-to-P reflection by a vertical
interface about 4 km in the south of SNY, as represented by
asterisks in Figure 1. Another travel curve of the secondary
wave is given by open circles, assuming that the wave comes
directly from each shot, as for the initial P wave.

vV, #% 7z —X

BIC L 2 ATHRETIIEME PROZEFET 2 TICL22b5 T, SNY TIHIZEA Y
DEERT/INE LB TRIBOK X 2088 2 AR & 115 (Fig. 2). RBIEIZA (1995) Micsk
TIXTEBETH 555, GiiId (1995) DFELEFNAWL OB LZIDNE I TE2EFBRRI N T
2, UTIRZnE2HOFREZTE EH, BWTZOREICOWIHET 5.

BL2HENBRENT-FHEEUTICE LD 5,

(1) SNY mEggn Al sEFICE» b s (Figs. 2, 3).

(2) IRIBIE2WDFMH P LY SELUEREWFEALH S (Figs. 2, 3).

(3) ME P EORAEIIR, FHD 0.1 53 ETERAPRRKEVION, TCIIIELIF
Lickh s, BoHIHIBEE—FEOFAICE LT »TT, KERFLKREL, E5ITT4T
WS DRI A & v (Fig. 6).

(4) BERFERK, H5VIEAR7 FALDRIZWME P kX ITIZE L TH 5 (Fig. 6).
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Fig.6. Particle motions of the initial P wave and secondary wave with the time
window of 0.4 sec for each shot at SNY (left figures) and their spectra of three
components for SHOT 1 and SHOT 4. Arrows in the left figures indicate the
starting points.
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(5) BEABRY i358T %, BLAMLE ED Y 8w (Figs. 2, 3).

(6) MBI PR EDEREIZEDRGLN2HEC T, L LERER CERMKR LIRSS &

(Fig. 5 00), R FEEHEL (3.4 km/s), DOy YA 1.858 & k& LfEic 5.

29 (1) »6FERSKVOMBENHTHEEIC L2 0TIR T, 72 (6) DL ) ICEID» S
2HLUELEBNTHWENT, SNY REHRS OV A MEETH B I LIIBTETE D, ROITHED
BWEILDOTSHERERWE LEZ LMY, MIFGPHEEL LS BB LRBERE
WoTERELRL, (6) DEBTOFEICKEY y YIFIFHEBETELW, Bic (5) &1,
REWRICOVWCRILEMICEETE S, (3) DL ) IEAEIFEENE L > TwdZ enbd,
SNY RlU0%H e TG & - TRE - BELES N2 W TH % LR TE 5,

BRI O T, RAMIC P ko 25 3 1, P-P K4 (BEL) 2> P-S B o mTagtt & L CH
5. (2)DFBEIHMH THEL 2 LN, MEIPEL D LIZ2ICKEW SEHEITHEZIZ W,
F72, SENIFMEFIFE (intrinsic @1 FPHE LV —WKAKE WD, TNEBHHEFRTL D H
FicBbhd H218, Yoshimoto et al, 1993), HFENT < TIZ ZOMEMH R 5IHECX T TH
20T, bLE2HE»SUELL 1Hz U Lo—BMLHANMBRERLGIRLNG L) IcER
BEESMBIPHELY VIES 23T THDH, (4) DLHIITTHEL W, SNY ETFOBRWK
HETHEREL L SETOLRFRI/INEVNT, TNLOBEMEELEZHBTE 20 LNk,
ZZT, (6)NEREEZLE, RPITEKES.4 km/s #FAT 58S 7 km U EoRS@E %
LFEIZL WD, EBRICZORS TIESERETYL 5 km/sikicz s L (fFHIIH, 1996),
FABAEHOKRE S LB T 2 L KVO TLRRICRFEINEINETH D, WIice LRE
LB EBTIMB P E 2HE OEBEBIRAIHAB CRE I N SHETH - TH HBD
WEETH 5, (3)DKERDHRRKEN LIZSEICHFTIED 2%, B PEIZFITEE
EFHo TRV e LBV T, AFHADKAENP R EEZ THFELT V.

Doz &hs, 2ottt (B2, BAREE» LD SH) BEECHBETEL WL D
OFE P K EITIZFEL & ) L HERRWEZIZITKREIEEL, »5FEICECRATR? HEW
RIBERED 72 HEN T SNY (2R~ T 5 PH EABFETIZEET 5. LTIC2DREFEHNLE
PHSET S, SNY DAICBHE N, WEPHE»L 2MBNLZ &0 5, SNY LB & 52
LOVHERTHD, 25T 5E (3) DIFT4ATAESE LML 5. BEHANEREICD
WTR 72270 2 kmBELZOT, EFE L TRIKEFANERNAE L, TIZHEFEHICERN
FHo w2 LRELTC, ZTOMEBEZE/NEREICE D KD S (Fig. 500). A»FEER 3.2
km & %Y, B0 EEEOERE (3.4 km/s) L 13IT—8T 5. 52, KHEHENAIEIZ SNY »
% 3.4 km %35 N83W ol & 4 0 (Fig. 1), @334 (1996) THHE S M7z B TR J5UE
TIIZTREICE S 2 EENEGEOME L BB L 2—&T 5,

ZDEHZDRHATIEZ L DBAFEREMEATE 22 Db 7285, (2)DRELEFIC
DWW, HFE VR LVEBFICHENMEERER LD > TWT, £2ZIPES 7 7L TURE
L7220, 5 ViERFEI S ) FMENC L > TSNY Tldo MBS Nk &, LT
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HEIrMBETHS, F72, Fig. 2O KVODERICBE2HS LEHELALNDD, VB PH L
DFEREEIZ 2MLUT L EORELIH ), SNY DE2HREBELIEFEBbN S, ZhbofE
DAREMEE R - T Zedicis, 40 & IFBA L BRI S OBRED R L BRI SHBUEL 4 5,

V. PiEmiRE (Q,)

KB WEEE 3 REEMETH ), <7 2HI L 2IEMERFENE L KE LS L FE
TR TTHs, 22T, VEBPHRLEB2HED QHEOREEFE2EE L CEEXXLIBCBT
LB E ERICHENTT 5.

KOOI exp(—or/20Q) WWHHFILTEHET 2., 22T, r BMBEBER o 2ARBE
v IIMBEEETH 5, BITEMLIEHY (1/7) 2 FET 5 L BRISIC BT 3 EREDRIEZ
7 P ik

Alw) =S(w) R(w)exp(—wr/2vQ)/r (1

tERED, S(w) BEHEZAZ MV, R(e) FENEAETOY A MEETH 5, RERIL LS
WESZ AW TW 2o, BET 5 REEE (1~16 Hz) N TRIEH O OWTIRIZIT 7
Ty bEARELTE,

AR TITHA MEHEE2 EBD 2 002 20— E#HEE (Aki, 1980) 2Hv3, a—5HizE
HSES A KO AERIC L 2 BEW DT, Mr 2 EBER L 2t ko TR0 A - el
#5252 L 2FAT S, BRBBO I —FHIEE L TS-SEELE %2 55 (Aki and
Chouet, 1975 ; {£#E, 1984 ; Sato and Fehler, 1998), AN & 5 LB TIRFEM & L TP
DAEFHEINZEDT, MBPHREBRDOP 2—FEEHACLIELEZLNLD, ZOBROEE
IZ+4rizid b - T s (Sato and Fehler, 1998). $ic v — 2 VHED FFESIIERLLL O
S-PHGELE THEE P ¥ £ 13135 L WiBiBRME 238 - €< 3 (Kuwahara et al,, 1997) 72&iz,
A+ PRI 12 2 2o\, BB T P-P 8@ L2 B b 525, £ DEEIITHTH 5 Fric
LTRGBS EEZPHEEIZIZFAL E#HEENS), P-SEELUI P-PEE L D L i
¢ B2k D coherency »5% b % (Sato and Fehler, 1998) »C, lapse time »5+5r& V> KERS
D E 2—FHE L TR HrEBRERr bDFELS AL T ENTEDL, ZNTIRSED
FA MEEICZT > TLE IS, BTRTE ) I2 Yoshimoto et al. (1993) D & 5 iz P ik otz
LHMERHE I RREIRE 222 o TWBDT, KR THW ST A ST 72
NI—FWE L, lapse time HHFRVEIC SEICHELEN2E E L THRHE X RBICHRS .

WEREDPLORM ¢t Da—F A7 FILORIE Ac (0, t) 13,

Aclw, t) =S, (0) R (w) P (w, t) (2)

EREIND. 22T, Siw) 3a—F0EEBE, R(w) BBRASETHOaI—FIIxT 594 Mg
HDE, Plo, t) 33— 0EHBILL SO EEBHRLRLZETH S, v/ =F2—F 6L
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ToMmEITOWTERER 100 km BT T, +49K\: lapse time (—RENCIXEE S O AR
D#2HE) ICBWT Plw, 1) 11T EICIREBEAIC REEET 2 ¢ (Aki and Chouet,
1975 ; Yoshimoto et al., 1993), = (1) &R (2) » 5

In (A{w)7/Alw, t))=B—Cr (3)

»HEEHEE, a—SDHBEIEANEZFELETEE, Pl t) PEDEBR-BRASETL—ELL
30T, BE CRABEEDAIIKEL,

C=w/20Q=nf/Qu (4)

Ei b,

9, 400EE (1~2, 2~4, 4~8, 8~16 Hz) da¥ Lo Nv Foezx 74 08— (F I
Uyarvarv PRz ENEN 1 Hz, 1.5 Hz, 1.5 Hz, 1.5 Hz) # iBERFESIC T 5. &4
BCETFTEGOPHEDELD 5 1. 5B EDRAME & F/NMEDMIENFEE 2 & - TIRIE
Alw) E35. ZOF—FRI3, BE7 12— XOHTRNLE2EMIENTGFI IS I RV E
FNED, RiZ, 3—F A7 M Alw, t) 12+ k&% lapsetime &\ 5 Z & T, BN
10 W4 & 5B F 7> A=A DI L Lz, 72720, B b ORBR AR V-
EEB2BEEL>TLEY, RELBREFELBNT, 0L T— 2138 L, K@ P
BHE v 12 Table 3 T/RL 22MEDFEHEME 3.45 km/s & L7z,

A% Table 4 £ Fig. 7TicF &5, rDOATLHEOBB TIRERE D L, 1 DOBHEA
THOT—FEIIR LN TV EDT, FTHRAEBOTED Q% K> 2, 8Hz Ll LB RHH
BT S/N DB ZDICHEBI» D% {, QEIIROLNL V., AR TR T— 5 Hhs
Yoshimoto et al.(1993) Z FI2HRTAE DT, 4 FRREDOHID 2 FARENE 2 +20F51k
TERVLEDLH B, Fig T0O#R2AD L, BEIC L0 -> TEHEMCERST 20T, 85

Table 4. Amplitude attenuation @! of the initial P wave and secondary wave
of SNY with their standard errors. The upper row represents values for
coda amplitude with transverse component while vertical component in

the lower.
Frequency Average Area A (KVOQ) | Area B (SNY)
range (Hz) (initial) (initial) (initial) (secondary)
Transverse 1-2 0.24(£0.084) 0.30(£0.19) — ) — ()
for coda 2-4 0.10(=%0.048) 0.32(0.095) 0.011(£0.041) | 0.081(%£0.0098)
4-8 0.082(10.016) 0.11(£0.029) 0.080(£0.061) | 0.053(+£0.028)
Frequency Average Area A (KVO) | Area B (SNY)
range (Hz) (initial) (initial) (initial)
Vertical 1-2 0.29(£0.19) 0.48(%0.27) — ()
for coda 2-4 0.072(£0.061) 0.29(£0.13) 0.080(£0.063)
4-8 0.053(£0.029) 0.11(=%0.023) — )
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Fig. 7. Peak-to-peak amplitude of the initial P wave (upper figures) and secondary
wave of SNY (lower) as a function of epicentral distance for the four frequency
bands (1-2, 2-4, 4-8, and 8-16 Hz). The amplitude is corrected by the coda
normalization method. Solid triangles and open circles represent the data for
Area A (KVO) and Area B (SNY), respectively. P-wave amplitude are measured
with the vertical component while the transverse component is used for coda
amplitude. Thin solid, dashed, and thick solid lines represent the lines fitted by
the method of least squares for Area A, Area B and the whole area, respectively.
For the secondary wave of SNY, the distance represents the total travel distance
from each shot to SNY via the reflection interface of Fig. 1, as in Fig. 5.

N7z Q  MEIZEMTE %, Yoshimoto et al.(1993) BRSO HRMB AT L 2R R L[
RRIC, EREMRICHT 57— 5 DGBUTBRER OB EFKE { & > Tw 3, Yoshimoto et al.
(1993) BZ - nER*BEBREEBE COHORE#RHOEM S (Liu and Helmberger, 1985) & #8EL%
T L REE DG A DS IRk E (, Bl 2 N2 RIBOBE S EICFERILENDS
EL 958, HHz &) ERAEOMBERICH L CIATFROHIRN DRG0 2R 5577 13 bk
HW—RR TR L EEDHEF LW E2TRBL Twa, 372, ZMERE D EEOBITRER
(Maeda et al.(1997) ?» Fig. 7) & W3 &, $NTHOBEEE T — D3I BEIT/NS WD
T, PEDEPITOEEDKR L L ALY THEEKILBE CIREENGHF LN —HTH B LF
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ZbN5b, 7z, Maedaet al.(1997) i & 2 EMEBEFHOBIRER (RBEMNT0.016) X X
T2 HzLIFTO0.24 &% DkE Vv (Tabled), 7T FET TIEFL C BESKE HEY D
LEIREINTWEDT (Robertsetal, 1995), ZHEL(KEL Q EIZRLE» L LT
W, 2 HzBT D QM MBEXAEVDEI TR ALHEZRHCTWAHICHARBEZH W2
I—FEHALRIC AR TEmMEI L WV RECHRL THENT, 3—FHRICEBALZZO2L L
N, L L, a—8aniifidasts e izl twiw L (Figs. 2, 3), Awi
a—FEa kRS Ic BvWwo T, 1 Hz S Y EREORMBEITHERE ( DR E 2 JEMM%E
BEOFETTHCBELCLE>TbEFEZLNS BlziE, Aki and Chouet, 1975).

Riz, Q 'MENEBEIKFEZ ERERIC L > TRHB &,

,"1=0.30 f~077 (5)

&7 % (Fig. 8n)). REFHREH -1 LV RKEVDT, H5—CERHMTCORFERZERENF K
ENZLEERLTWS, —RICHELC & 2BEOM I IIBEMERDZHIAS 3 LHEROHER &
WRIRREDRFICEHEIC e 5 (168, 1984). Maeda et al.(1997) DEM THRERTIZ 4~10Hz iz
QU ENE— 2 HHLEL, ZHIZHIET 5 0.2 kmBBENOAE RORKEHIER]L T3 L i5H
LTwa, 2L T, ABFERD Q7 DXEHRD 51T H RHEN L KE SOFENHIES
AL v, 72720, B TR LN EFREHE—0.95 £ ) 4 KX (Yoshimoto et al,
1993) T, #HHz L) EBREEBROBESHNHICAKEVWEL L), 2ORRICHIET 5 0.1

o Whole area
A Area A (KVO)
1 v AreaB (SNY)
| © Secondary wave
I 1
Z f ..............
- % .............
0.01 l ' '
1 10
frequency(Hz)

Fig. 8. @, ! versus central frequency diagrams of the initial P wave
for whole area (open rectangles), Area A (solid triangles) and
Area B (reversed solid triangles) as well as the secondary wave
of SNY (open diamonds). Dashed lines represent the results of
the least-squared fitting with error bars.
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km LUF O e NEEFENIC ZCFETH 2 L 2R L TWw b, KILMBR O TOMER
HENPRIT Goldstein and Chouet (1994) =0 Chouet et al. (1997) % &, FEE T - 235
TZ OSBRI 2T <, BIIC Q@ B/ RIGIC /NS WS S CHFET 2L H 9,
SBROHRITMET B EHZ B,

)iz, KVO, SNY 2N FNDADEEERD & @, % Ked72 (Table4, Figs. 7, 8). S1» 4
S6 E#RATHEOIEMOFIR A L BEHOHEIR B @ 2 DDEBUC 5 T (Fig. 1), &2 DEED
Qi EE KDL EBBEAICHELTCE Vv, Fig SRRT L REHABRHLAREIHzZz D
Qo  MEARRKE VY, A T QM EN 2~4 Hz fHETKRE A B Z &3, ZOERITHET
%0.955 1.8 kmBENTHE;FERL THET 2 TRRELRL T3, BARICIIEREK
BLENRD B 5 KD 5\ IIHKRE (Z4H, 1996) ZEHEZ L b,

—%, 8B NEEEME TIEEENKE 2EE;IITHRME L TEL T 3 (BINE,
1994) ¥ EN T 5. BHE T, BREHESITIZ—ETHY), ELIT—IHI DA Wizo,
QMEIXIZE A KD SNy, SNY CTERHEMI X L7z KVO TEHBI S L8 L ) RE»ET
/&> (Fig. 8). Zhid, HEEIEH» ) TldZe < SNY OEREBIZRENICKE VDT, Q' #
DREIZHNZ: PERIEBZRABS 2LV REEL, 22 TCOREIWPIWI EIZLbEEZLN
5.

gz, SNY TOE2HD Q' DT, Fig 5 TRHZE 2 WD NEHERE 3.2 km/s %
VT, RN ET) 2 &k -» TR 72 (Table 4, Figs. 7, 8). Fig. 1 RS T K4
b A7 Fig. 5 & B2 RBERE HV 2, $XCHOT— 2 TRIEE CORMREIZRL TH
2ra%L, R Q) 220 F@EMALL. SNY O 23T — 5 ¥H D% o TH4 7% iz
TE v, SNY OFIE) P ¥ & 5 2 BORBEORHREICE L viEvid v (Fig. 8 00). &
DFERIZE 2 WHBIZIEH TR 22 5 DGR SH & v 5 & 0 Ii308) P ik & AR U
BEBELTELPETHLIELRLTS, 2FY), FE2HIZFg 50FERPLATRE 2
km & DiRWESZEEL, SNY OBEDIZIZEELZEE CRH L2 PR TH S & v ) xR
MESLICERTI/RIEL N,

S & ) L BEERE CRBEIC PROADFIRINEINDTQ,  EZRIET 2DIZHEL T
Wp, a—=F2R7 VA (w, t) ZKFBG(Z 2T E 7> 23— 25) Tld % LTS
RHWZEAD Q E% Fig. 9 & Table 4ickiig L7z, A KE-> Ty, T— 0Dk nik
AR 2 ETEIZIT—BL T3, ZDEH IR —FEFTDWTL ETES» 5D Q!
EPIHTEL WZ EATRENIE, HMBHORBELZEETL2Z LICE - T, KIUMEO ATHE
BHT2Hz ETEMBH AT Q  EE S ZBENHEE TRIETEE L 4 1, WEIC OV TURE
LT — b5 T NDI LI L BIFTT, ELICEDEHFBETICE2BHLLZZD
oM IrEEN 5,
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Fig. 9. Comparison of @,™" versus central frequency diagrams with
transverse component (solid marks) and vertical component
(open marks) with coda amplitude for the initial P wave in the
whole area (left) and KVO (right). Vertical component is used
for P-wave amplitude.

%

VL. #

AR TIE, BEKUIBOXRMEEZML2HI, 7, EHFBRBBREEE A7 kb %
NENDY A 0 & BB R 2 HEE L, KiT, #0082 B\ CARBLRIHIS O3 RS 2 K
7. SNY TBRESN B2 (0FRE 2 2 THEEZHEEL, 362, WREN-2—-FERIL
iz & 2 P OBED BEBMKITYE K72,

B2l P EEIREMNEREE (Maeda et al., 1997) OB L N3 &, ALK E LTI
BT ALY, FT2BETA2RET S L8 P EoBElT— 5 % L { ¥ T& % (Fig.
5) DT, KIUMIBIZ L b b5 TARFARHE I KA/ AR W R 3IN 5, SNY ToOgHIEEIC
WIEDKRE 2 2 A HEEEIC B S 2y, BRI EERFED 5 SNY o iil# 4 km ic hRiE
23 L CEEIEWIZIZTERAF MO RS> Sk PR EEZ LS, —F, W15 P EORBREIR
LEBTRNERNOBEBRE L 20T 2 L7 TE, BEOHBENRHENOSRIZRLN LW
25, B A TIRPOEE# 3 Hz T Q7 A RKICE Y, ¥11 km DBIEOREEH ER L TH
ETBHIEHHEINS, RELOTICIIHAE»EET S EEITH, 1996) & EnTHY, i
KEDHAHBEREMFICHIEL Twdrb Ly, 20TH, ZEMMoRABELHBIER
(Maeda etal.,, 1997) & H#&7T 5 &, HEXKUFHOZMEZIZSEKNIITIT—HTHI20HKE
RS TH D, FRIC, Qo  EOHEICILEFEIZ - ESE L OKFERS 2V, ETRK
GrRAVTEEwizwolEmiE—8 L7z, 230, LTRSS OB TH kLo @, {E%
) L AHETE BRI b - 2,
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AP & - T ORBRMBOBEIC IR E AT 5 TREMEATRE NS, 4%, 20
£ wRBECEAER- 2 L) B EOBRUMEIC L o ¢, LD FMTEREIARIC L B L

5.

BEE ABMICEL G, ERAESENUBNFNICHBHSOREST £ IREL TH,
F 72, STS-2 DExEIz I3, HKEGEME, I GUKREHREIIRN), BAREGRT) oERI
SRUNETRE, BREART BRI 1 7 )V BIRERE BUB R Y > 9 —), AL (LRE
KA, A (Australian National. Univ.) D& KICIZ W D DEFRI L 2 2> P 2THWT,
R AREMEMEAOSEIIEEFIRIC I FER 2 TRICHA CTHS, AERLHEPS 2T,
[RBRFEDEBFATRICIZEROBRICE L CARLEREZ B2, F#EA¥EXILFRELS 77—
DRFE B RICITEEESRHIC DWW TOMREEW2, 2L TECHEILEL BFs, &
7R3 R BT SRR e LRI E (A) [k IR SR | (1996-A 0-09, AREEIHEM)
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