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Seismic Pseudo Reflection Profiling in Shirane Pyrocrastic Cone, Kusatsu-Shirane Volcano

Tomoki Tsutsur”, Shin’ya ONizawa> ), Takehiko Morr®**, Kenji Nocamr®,

Jun’ichi HiraBAYAsHI?, Yasuo OGawa?, Noriaki TAKAGI?, Atsuo Suzuki®
Jun OkawA®, Haruhisa Nakamicar® '”, Shin YosHrkawa’

and Takeshi MATSUSHIMA®
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)

Shallow subsurface structure of Shirane pyrocrastic cone, Kusatsu-Shirane Volcano is discussed with Pseudo
Reflection Profiling. Pseudo Reflection Profiles are obtained from a controlled source seismic experiment in

September-October 2003 as a part of the Fourth Joint Observation of Kusatsu-Shirane Volcano.
horizon is defined through correlation of the profile with borehole logging data.

A significant
The horizon is compatible with
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a top face of Tertiary volcanic rocks as a substratum of Kusatsu-Shirane Volcano and is estimated at 1700 m a. s.

l. in the craters.

The horizon strikes NNE-SSW direction and dips eastward.
there is a bench zone beneath the craters which strikes NNE-SSW direction.
is concentrated and the active magnetization region locates beneath the horizon.

Its dipping is not uniform and
Seismicity beneath Mizugama crater
Other clear reflection events

within the substratum are also observed in the profiles but their geological correlation is not defined. One of

deeper horizon at 1000m a. s. 1. may correlate a sort of density contrast in Tertiary volcanics layer.
along the traverse line tends to concentrate under the deeper horizon beneath Yugama crater.

contrast may constrain seismicity beneath the crater.

Seismicity
The density

Key words: Kusatsu-Shirane volcano, Pseudo Reflection Profiling, Auto-correlation seismology, Logging, Con-

trolled source seismology, Structure of volcano

1. FL®BIC

EER AR AL BB IR ICAIE S A KLTH
B FHD - fih (1983) 1T kN, BEAEAILIEES B WV
EFAICHE R L 28 =il ki A B & LTy 200
TERNCEHIEEINIEE 0, T OBREHESIGEI b 2% T
BEOARKPEEEUHIEMN R s e, FERR D
FERAR KL OIGER T 1805 FELIED b O L h S
NTVREWA, AN M STEF O W N & KRR
Tdh -t (FHB - M, 1983). THIE 1982410 Ao 5
1983 £ 12 Hich i TogE s dul & Lic 5 [RlokAES
1ZFE, 1989 4E 1 H, 1996 4F, 1997 4F, 200445 A&
O/ IS IREE) 12 & 20 8EH F D ITh 72 D FOIEE L~
WEHERF LTV B G, 19965 SEAK « ftl, 2004).

FEARAKLTERIB7E» SHIEBHSGE O
(Minakami, 1939), ‘KILPEHIER O, KL E 72 &0
HWEAREIR SSRGS N CTx /2 OFH - fh, 1989; Ff -
fth, 2006; Nakano et al, 2003; JJI| « fth, 1996). IO
MR ORI, HIEFRIBIR & KRR A & DRIR
MEEHE N, KRR 0K ki) o FAE RIS T B
2 FREBHE MRS O B 7S EH A © A g B D
EE->TWi.

COEIBHFEI SESHE A — P VOEHBUKED
@il % & — 4y b & L7z 2003 SEE A IR K LEE RS
B (LU, 2003 SRR EEIIIE PR 2) CEA - fib,
2004) 237 7. Nurhasan et al. (2006) (FEEHEIHD
—Eg & L TiTh 7 Audio Magnetotelluric (AMT) E#E
D OFEARILOETIEZEE T 2 & & bic, HF
OENT -y UWEHEREE Y — (R, 2004; A
B« At 1994) 7> & FE R LI LTEA O 155 1000m {2/
BRI AEE L, BRI TS O R &
FIE—d 5 EAWMEL.

AR TH O S5 A THIE IS X 2 RS54 13 2003 R4
PRSENOBIIEEO—> & LT, ARKEOES
HE A — P VOEREH PGSR O » T 5 2 E2HN
12, 200349 H25 H~10 A 1 Hich I THEfis 7z b
DTH B (fEH - fth, 2004a). A A THIFZELMIRT &

1997 4£ 5 HOESEICB T 3 4 2 2 HEISR I & 2004 4
5 Hogic s o 2 KR EOMICHIRT 5. Lal,
AT HIBERIAE i i BA7 - 7 REHR @ E s 1T
B5F CFR - fth, 2004), BERFEIAGERBICIE—Hb
720 35 9 [l K LR EE S = i (B - i
2004).

O NTHIRENIC X » TR SN icpEhERO 7 — 4
b5 WTHRE -t (2005) FER AL L UBEE
WS 2 IR & AR KR BRI O IR O i 217 - 72,
NI K NIEER KO RFREEH O PR EE 3 1.1
km/s TEA20m » 5K 100m O] TH 5 MR
Kb oh, ARAREDOREEE S Kyt
fo. HJBOMEIZ 29km/s ERES Sh, L NALO
BEEEICHY T 5 SRR S e,

AFE T3 2003 HE A THIE BT 7 — &7 (<SR FO 8
## (Pseudo Reflection Profiling; Tsutsui, 1992) A /H L
TR SN ICHIERNWE % W T, BEEERA L ERA
Pric & = QB0 KSR M S E SR T 5.

2. #® Al

ARcHOI T — 7 BEEARK LSS @EH -
ftl, 2004a) @55, (LEEDOFE S3 12xtd 2 R ERHE
(Fig. 1) T o bDTH 5. BRI 3 AR K
EBXUzolBofEsms  EAHNE LT, B
FRK LU TEER I 56 fEHT O B (L01~159) A%y 0.1
km [P CHUE < A i, BRFFERIAY & LSRN, S3 1kt L
CTREIRIEREE 5.6~7.7km OFPHICHY S 2 (Fig. 1).
B IR LI I~ 2% 5 S OHFRICX S b, BRI
FIL01-10, L14 13FEM5 ST Sbic{hior 2 HIE7 E %,
B EF L12-25 13 F0E 5 S2 20 & PHIC AL E & 4172 IR
N ZHd 5. BillSS] L25-33, L53 35200 %131F
AL AN O 2 IR W 4, BRSNS L3342 13580
FAC T TRPTICALE S R S 2 2 T iRk L <
W3, SoICBEEAKOE FoE=Es 2 EE2HME L
T, KOZEFFHR-ALPE I fE ) 2 B S5 L43-59 A3130F
0.12 km [P CHLIE & 71, MR YGM 2 H#pk L T\ 5
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Fig. 1. The temporary seismic network for this study. Solid circles are seismic stations and open stars are shot
points. The top portion shows the whole geometry of this study with 100 m interval contour. A frame in the
top portion indicates location of the seismic network. The bottom portion illustrates geometry of the
temporary seismic network with 20m interval contour. A cross symbol marks a permanent station KSE.
YGM: Yugama crater lake, MTS: Mt. Moto-Shirane, MNZ: Manza hotspring, KSS: Kusatsu hotspring, YMT:

Yamada pass, MGM: Mizugama crater, KKM: Karakama crater, YUI: Yumi-ike crater, RH: Kusatsu-
Shirane resthouse.

HIFR E 13 5REE « fth (2005) ORMFEILARKRIS, HFRNIE ok - TaL#ishTw s,
JEHITRPEIHRISIS L, R YGM R & & flrilliic i‘
89 %, ¢ XTOBMRBFERORALETY O B 3. f# wr
ESN7ens, Bl L59 & L56 Dfific iﬁiéﬁﬁ}\m@ K THO 2 KRR IR TR o L foE@ IR
HAE & SN E = KA OB TS « fth (1983) IS d 2 BMIEIE b o EERFRS 2 L, 7€



4 fRIH: o TR « #% < BF b« SERR - /NI
K O REHEHEEE THO O TWA ot 7€y b
[AtaoER & [ (R O SEHRED %15 T L
HAEVERT 551k Ch 5. BHURGELEE R 1 LI Lo
HARIED 515 6 N o IRENAELSREZ WV 5. Z 0@l
FEREIZ KLt ol PGS 2 HEE T 2 L L TRER
Eii2Ed5. dabb, BREECERER2ICHRT
B HIFID 7o D I KRB DRIFEGE O A D KNEESI58T (7
EZEKLLE) b, BN O®RE S 2 TENISHE
W Bt e 1 ST S S 4 A W A2 15 5 & &8
T3, fEF - fib (2004b) IFEERIENKILTERIK S
RUERE A L 2l = OffirFIEE & biciis LTw
5. TP DT < &« il (2004b) O Appendix
KRR SN TV B HEHUSURELERE D 7 — & MEEFNIFIC L
TeiH T EIiTd B,

UL I 13 = OFTEERICAREL S A 21
4 2 HEAEN (I - fih, 2004b) O T, fRANCHAK
7 4y —ZHOCTREBEEETENEZIT O BEND
5.

AB TR S N4 Fig. 2 10Rd. SV E
WD 4 Hz LUT DR #5185 C 13 2-4 W 0 kR
1T SRR ERMH &b 280 B #E 42K (Al
DGR SRS NI, T DI HIT 4-16 Hz OFiE
W7 oV —%hEL, oD ZIEL b D AR
FricH Wz,

P S aC sk [ LI W AST & & S HIER I £ fif
FHEOWRE L TWADT, BFIEEEHSAHAE L
WAt RtlEREEE2b->-T0WElEERE YT T VR
(Neidell and Tarner, 1971) OFFEIC & - THERT 5 2 &
DWIETH 5.

COHMO fo o g o JLPaf & RERA & R
300m D7 LA ERBTTEITT B, RBiEENW 7 LA
EFRL L2327, L51-54 D 9 fidp o, thEA SET LA &
FRL LO1-04, L4044 D9 EHpSZNETNDT LA %
L7z, SNEDT LA THETE S M7cHExtiE 0.1s/km L
Tozo—x ZHHNORSY DKL v 75 v 2 EZEH
LT 7ay b LcbD% Fig. 31C/Rk9. TDR B —
* ZEPHIZ Vp=2.4km/s DIFE AFAK 14 LT I2HE
W4 % NWBLUSE 7 L1 & bER4~10 AL
TObVIET, Dl Ebollilovy 75 v REE
b DRk O FEE A SR OFELEDS Fig. 3ITRENTVW5S
Fig. 3 OB A & &1 L TEM 4~10 B o [X[H 2 HHBAE
(Correlation Window) & L € HCAHBERIE O EICH W
BB, ER 2~ BoXBbEIcEVE Y 75 v R
BEHARENTVAED, TOXBITIEIRD X 5 Icmygs
o b SEHIEORRATHER S Wiz T, S ERIEEER
IC K BIEGARET B 1o DIHHBIE ORIR E Lish - 7,

s =R e BRAR e BN e vl - FH - R

S3 BPF (4-16Hz)

Reverberations

Fig. 2. Normalized and band-pass filtered records
for the analysis. The pass band of the filtering
was 4-16 Hz in order to reject S wave arrival.
“S” marks the arrival time of S wave which was
very weak in the original seismograms. The
mark “Reverberations” shows the periods which
may include multiple reflections to be processed.

S 51T, PR & BSOS ZEIC b & O S FfE
% H CHBEIRIE T L 7221, H CAHBERE R R BLY) L
LS St W & 15 7.

HEE S - BCHHBIBIS A € o 4 7 & » N R IC
Ltz b E LTHVWAREIC, K57 54 4 T
HDBKREE) OHHr D HE % o] S DIk TRG I
M 5. ORI L TR - Ml (2007) &, 3EE L
Sl cEL S N 7 BHU BSEC Sk (Pseudo Reflection Seis-
mogram; PRS) & ¥ o4 7t b TEIIS L7 ALHIE
WL OMBAERET L, WmcHWaHRKT 754 A
ZHGE L7z, i - fth (2007) OB B STECEE & A
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T HIEE O BB R 121 —B B I A ICEA A ATRES
HiETh B, AT T SEHRSLE: & 1313 AT T
Yot vey P NIHEFHESE SN TOW S, WED
ELRE BRI EL S B fo o I ¢ fth (2007) D FE O
NN TH 2. LIich->-TIITRRRT V94 LDk
TEIS, HOAHBRIE O ZEERE OFHE ORI & LT
CHVWON TV AERGE (HE, 1977 Z2H0ws2 &
Iz,

b557 54 L5 cIcB B HCHBEBEMOHEEE C
@), THREBS7Y 4 v F—RE T4 % HCOMHE

0.6

— NWArray
**" SE Array

‘ Correlation Window ’

o
~

Semblance

)

0.0

Travel time (s)

Fig. 3.
ness range of 0.1s/km for the test of vertical

Peak semblance distributions within the slow-
arrivals. Decay in the curve of NW array is
faster than that of SE array. The correlation
windows for the analysis were defined for which
acceptable level (>0.1) of peak semblances are
kept.

B DS EE Var[C (7)) &9 5 &, ZEZRHCY I3,

JVar[C()]

c(@

tLlTHA o5, /NS WERGHITH CHBERH OHE
ERERNEETH S EERLTOVE, A TESN
1T RTOHCHBBEKDO EBLUBEDOE— 7 I1Tkd 5
ERIGHCV %, 7946018l TT oy b Lt
D% Fig. 412/R89". Fig. 4 TlZ5 7 91 At DEERITE
bW, 2USICEFRRHSIERT 2 2 EaREN TV S
7, 7>0.068 s LI TAFRRE D H S IR T B HAH
IRENTW D, ZEFRK CV=1.5 PR O EER
MBI O E - 7D 155 Th B EARLTVWS
D, AMROEEOEEHEET 5L, BRIGHD £
VT VED CV =15 &[T % c= 15k ARKS 7
YALETHIENRYTHLEEZONS.

4. BLURSHRFEVERERR S OXIL

IR KR b o0 R B C B TEERF KRR 2 v
% — (LI'F, VFRC EF59 %) 12 & - T 2001 LI kL
FoBHEAEHIE L2 > 0ElH: KSW & KSE 254
Bl (FF - fih, 20060). Zh o DEHIFHO VTR HHEI
FUCHEWYIERRE & 2 7RI E sfTh e, i &
IS N 7o 3 7 OFLHE TR « fth (2004) 37> T
3. HEHEEHE TR IS oBlHOE Ed L < IR
ICENZENEIIAE L56 BL U L0 EESNTED,
C CCEIRIC B 2 B S X OEEREE R S 1
R U 7o SRRSCRHREL & SRR IS 36 1 2 SR A0k
At U, RO & HE & ot 17.

Fig. 4. Coeflicient of variation, CV of all the peaks in each autocorrelation function.

the peaks of the autocorrelation functions.

interval window. CV increases with increasing lag time 7.

1(8)

Cross symbols are CV at

Solid circles mark median value of CV value calculated in the 0.1s

A defined threshold CV'=1.5 is marked.
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BRI SR D IER B & CHIUE EE#k & oxftbic & 7
D, WEiEr FHCEEREGRIE T O ORI
Y, F— s OFELEBLIbOERFR L. B
155 IF— M SR EE S UYIEREEE TR, FLEEE
VY T OEASRM A E I ERRR RS T EDREETH B
fo, FHHMSSRIC I3RS O Z B 15 SR 5 HE
B D [TRO ] (FA 2 V2 F 5 7)) HEENB.
Serra (1984) ICENIE T DL HBH A 7 VR F o T
ERERERICB TS 251 7R A ZOFKRTH B &L
TW5, Lich-T, LomEskicEE N 50
EWZ /A XTHBEEZT, WENHE XM 10m
OBEN P A0 L 72 & O 2 g (LIRS AR Eaiet & L
TUUT ORIV,

15, HE» SBREXEO FikE T OEEES
FOEEEDOIMREEIRD & 51T - 2. EEEIET -
flr (2004a) DOHIEIEEFER O —HE H» o MEXH F
Ui E TSP L, BEEEMEICE U i3 REXE ko
&M E THIR L 72, T OEEERES (3502 « fih (2005)
EFBELREVWEDTH S,

41 BAS L56 SILmERIFH KSW

FHAR K B D AL PRI 71 3 5 B 156 148 3%
IS KSW O E IcEE S hTw 3, JEPuEHFH: KSW
CEMAE L56) T 100m~230m % TOXE Ty
BEN Tbh, 05 b EEREL X UOBEREOY
LIRS A 5 — ¥ % Fig. 5a 1c, g4 & 5 —
7 I» SRR S e SRR EE Fig. Sbicord. @il

(b)

1.0 . X . -0.4
0 — T

Reflectivity

s =R e ERAR e BN e vl - FH - R

15 L56 DU RCE,% Fig. Sc 1IS/R9

SR LIS A R E A0 (Fig. Sa) CIEE 140 m
e 164 m (P ICHiF EE AL AR ONE. F
7z, B o i (2004) 1T L NIFAFLOZEE 142 m 1213
KL DR & S 25 =f KA B O e
WM TV B, FE 164m (T IREHOZLE L O
HoZAbITHY 4 2SS, LchS - T Fig. 5a D
RIS 140 m (0T D3R A A S S =4 KL Lif (Ter-
tiary Volcanics) IZXfI 95 & L CHEAA LTV, ®E
B ALK OEE SN TV E4F T 2 2 i
ER

D5 bR 140m [ ICEE» LN B BEAZE TV
ZHE OB IFL AR A, T P IEE DRVDS TV
AR SR %L (Fig. 5b) OFEEER 0.13 IO IED
E—7 TVICHNT 5. BUIE L56 1236 15 2 ELUSED
#% (Fig. 5¢) TH 0.4 PiLICIEO E— 7 2380 5 T &
MTEH07T, BUNSGRSE LOEOY—2 TVEIh
DIBERS A N~ P TVERRT 52 & &L, FE - fih
(2004) O =fKlEE LT ARE T 20 E LTk
&t .

S 51T, LI A RRIEREE (Fig. Sa) O 164 m
EICERD 5N 5SS S TV ISEEIEMZR L TV
. IREEARS TV (S SRR AHREL (Fig. 5b) OEEE
H0.16 W ich obndEDE—2 TVICHHET 5. &%
FHEEL (Fig. 5b) @ TV O#RIEIE T OB LD TV O %
NOPRLNTH 5. ELSEEE (Fig. 5c) 12id TV’

(c)
Pseudo Reflection Seismogram
0.4 -0.5 0 0.5 0

50 -

200+

KSwW

0.2

0.4

Two way time (s)

0.6

00 10 20 30
Density (g/cms3)

Fig. 5.
manent station KSW.

Correlation between pseudo reflection seismogram at the station L56 and the borehole logs at the per-
(a) Regularized sonic and density logs, (b) synthetic reflection seismogram, (c) pseudo
reflection seismogram at the station L56. LT marks the logging start point.
the top of Tertiary volcanic rocks (Uto et al., 2004).

TV points a velocity decrease at

HB describes the bottom of the hole.
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IHIGT B E D E — 7 3D 570,
COBRRABIAT B -0iclE, AR B SED
FRicEEN D ABEIEERS ZFH T 5 C EBMETH
5. LdL, ABHEEOBEEBRIIZ A rgETch s 0T,
IWTEMRR TE SNz d N TORUKSTFEES L b
DDEw T 7T EEASEIEE LTl kS 2 &I
9% (Fig. 6). HLIRESLER DO EA I X 5 E Ml AFHEIE
DOHETE % Appendix 128N 3. Fig. 6 1Z/R8 S 155l A
BHEIE T, =028 2IRIED 1/10 REORHIIO E —
JETHYA N —TThbEEHKRTSLE, M Fa—
ZOR R 0.168s TH 5. Lizi->THA Fo—T7F
TED o ABHEIE O #KFER 13 20.168 7 =0.336 b T
bbb, Lichi->T, S 2ELE LSO B fiE
fElEZT D 1/4 D 0.0 MREETHEEEZEND. L1
2o THMUSS LS LT3R IciB»w 5 b TV IS
XIEd 5 E—7130.02 ETLTVWAERIOE—2 TV

Stacked all Pseudo Reflection Seismograms

T T T T
0.168s

-«

: /kWWMW.V

. 1 \ 1 ()
0. 1 2

Fig. 6. Equivalent incident waveform. Equivalent
incident waveform is derived through stacking
all Pseudo Reflection Seismograms.

KRR EINTVWDEEEZONS.

42 FAS 107 LILRERIFH KSE

FIRR K e D LB < I B KSE (<46 W TEERE 40
~140m ITH 7 D YIERER S STV 5, FERE &
EE R O S LR 3 A4S R % Fig. 7a T, PG
HEPK Aaigkn SRR S N e B RRHR R Fig. 7o 1R
3. g B UK BTECER (Fig. 7¢) (3L BB KSE
DPEHI 200 m OHSITALE 2 BN L07 2R
S - il (2004) 1T KAUEPEE S6m AIRIC L TZ DL
MAEE T~y V7 RERES, TOE MK
A= VIEEOES O LTI, AER, EHEHEREY
BICitH ST VWA, & SITEERE 117 m 1T 3 K RRRHERS
Y& iamE OBROEFAENHS N TWE, —F, F
A LILIR S A4 E a0 i (Fig. 7a) TIRZEE 50m & 120m
KB 32 o0 REALSPREHEREL/HH ST TV
3. PREE 50m OB AL S IIERES DK (Lava Bot-
tom) ICRHIGE S ZEERD EEZ DN, TRLIEEEZ
EHLB EFRT 5. &5 —HOEEN 120m OEEZE
RIS EIE L, T8 - {th (2004) OHVEFC#EIC X0
3 KIFRHEREY) O DA 8 LIl (Underlying Lava) &
EZHNBDT, INLIREEALS UL EFrd 5. Xt
59 % &R SHERL (Fig. 7b) T3 MEXEIEICHEYS 4
BEEER 0. 17 #F TPt LB, Elk:o UL i
M 5 =27 213 U &4 58K AR B R
INTW5.

(a) (b) (c)
Vp (km/s) Reflectivity Pseudo Reflection Seismogram
10 20 30 40 50 0 -0.5 0
0 0
20+
40t
10.2
. 60f 2
S ®
£ £
£ 80t =
o3 g
e 042
100+ g
=
1201
140+ 10.6
KSE LO7
0.0 1.0 2.0 3.0

Density (g/cm3)

Fig. 7. Correlation between pseudo reflection seismogram at the station LO7 and the borehole logs at the per-

manent station KSE in the vicinity.

mogram, (c) pseudo reflection seismogram at the station LO7 (at 200 m west of KSE).

of Kagusa lava.
ration.

UL marks the top of a buried lava layer.

(a) Regularized sonic and density logs, (b) synthetic reflection seis-

LB marks the bottom
HB describes the termination of the logging ope-



8 fEIFF « SREE « A - B ke SRR - NI

—}, JEIT Fig. 6 TIT > 1 H Ml A T4 5 B5&K
2k, BT 2B D07 OB R SR e (Fig. Tc)
TIIHEEER 0.1 7 & coFocid 3 BRSO 5
JHHE DY A Fao—-I2EELTWSEEZ SN,
BRI REL (Fig. 7o) LTt Ed 5 2 &M TS
O, L Lahs, EEERRBMEICERONS
=2 3Eo 5 JIRIED 1/4 1ITHS T 3 IRIEAR L TH
D, UL O * — b Vi IR 73 T O 1745 % e
LTW53.

5. BEURSTHE & £ DRRR

RO BRI S B RL R O A b L i L AR
KO FE S A iR 5 20, B0z hzh
DXFNC G T 2 U G e % 16~ 72 SO W % Fig.
8 127k, Fig. 8 DX T IS IE D RAER % H25) 2100
m &L, Wb ftlh 3B R o S AR
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Pseudo reflection profiles. (a) Line N, (b) Line E, (¢) Line YGM, (d) Line W and (e) Line S. Vertical
axis represents two-way travel time in seconds and horizontal axis is a distance from the rightmost station in
each section. Intensity of apparent reflectivity is described with a color-scale at the bottom-right. Positive
The regions of which absolute

Locations and

reflectivity is shown as reddish color and negative reflectivity as bluish color.
reflectivity is less than 0.06 are white colored in order to enhance weak reflectivity region.
heights of each station are plotted as cross symbols and their name are also attached just above the symbols.
(KSW) and (KSE) mark control points.
pair. Significant landmarks are marked as italic characters.
show a zero-lag correlation and its side robe of each trace and are neglected in the following interpretation.

TV marks correlated horizons with the loggings at the control point KSW. Codes b-d mark uncorrelated
YGM and YUI mark Yugama crater and Yumi-ike crater, respectively. A4 and F mark the altered

Intersections of the lines are marked at the common station of each
The top blue band and succeeding red band

horizons.
zone and the intense fumarolic region, respectively.
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Fig. 9. (a) Significant geophysical anomalies detected by previous studies. The symbol A describes altered zone

at the surface enclosing with an orange curve. The symbol C aligns the 1942’s craters (Minakami et al.,
1942) with a yellow line. The symbol F marks the intense fumarolic area enclosed with another orange curve.
The symbols A, C, and F are located after Uto et al. (1983). Blue contours describe Bourguer anomary value
in mgals after Makino et al. (2004). The symbol M marks horizontal location of a thermal demagnetization
region around Mizugama crater (Koike et al., 2004). Red asterisks are epicenters determined by Mori et al.
(2006). White dots represent locations of the seismic stations, (b) Altitude of TV horizon. Solid triangles
mark the seismic stations. 0.01km interval contours are plotted against a relief map of Yugama region. (c)
Depth section of the line YGM with the correlated horizons and hypocenters. Adjacent hypocenters within
0.2km from the line YGM are projected by open circles after Mori et al. (2006). A broken circle with M
marks the spherical demagnetization region detected by Koike et al. (2004).
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Fig. 10. Power distribution in the network. Solid circles mark power of Pseudo Reflection Seismogram (PRS)

and open circles mark power of background tremor at each station.
Even above the weak reflectivity zone which is marked, PRS/tremor

PRS between and background tremor.
ratios have large values.
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ligible.
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