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Pseudo Reflection Profiling of Shallow Structure in Unzen Volcano

Tomoki Tsutsur®, Takeshi MaTsusHIMA™* and Hiroshi SHiMIzu**

Pseudo Reflection Profiling (PRP) is introduced as an effective method for shallow seismic study of
volcanoes. PRP is applied to seismic exploration records in Unzen Volcano in 1995 and two reflection profiles are
obtained. A reflection profile of E-W line shows more complicated appearance of reflection phases in Heisei-
Shinzan side than that in another side of the survey line. Another reflection profile of N-S line includes convex
phases in the west of Heisei-Shinzan. Two of these reflections are common in both profiles and can be located at
the boundary of the shallow aseismic region which was pointed out in the other geophysical study. Since these
results are consistent with the previous reflection study and PRP requires free source location, PRP will be one of
the useful method for surveying shallow structure of volcanoes.
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ATHIRE T & 2 KLEESEEE 0SS i LE R S
W, Bl oo AT A O 5k 0 AR S R ki
(Pseudo Reflection Profiling; Tsutsui, 1992) %#H L 7.

1994 4E 0 & KK FRIGTE O —B & L T kiIlifkEs
LUz RO M EEOHEZHIE Lo N THIEGE
EEHHAHEE S N T X, o ATHIEEETE T3 E
B b €757 4 — T RLINEAEEZ HD 5 L 51
5 o>T& (72&ZAI1EPE, 1997; Nishi, 2001; Tanaka et
al, 2002). L L, EF €SS 7 0 — T CREARR
I A S L CEBO 7 y 7 — FEFY) v
TS fediT, BON 5 HERE T 7 VORI EY
ERETHD. TDDHDBLOLTNID/NEVWTHA
5 KIENE OB ASIREFS & ORI fEIc> 0T
BHFLbMIETE 2 BRSOV, Zhick LTk
e HWicFETREENT O v E—y v Ra v T
R MT & - THRAET 2 E AV 2 DT LD EWIE

REMEBHTZX 213 TH 3.

Lo L, KIHE T2k s iz s 2 v 5 2 B0
BATEXB V- DEOENEZENZVDT, BFEZ
TRES 2 S LS 4 2 1R O SR o Rk
TRUT L ORERINRE &2 T ENTEEOL, —4,
JETEARE & Lo KRB SR ok o R LT
BEFMRESHE T TV 0T, KEHETIc/LE
K H 720 OFLE (7 4 =V FED M4 TiE
B, EHEDX ) v RO EEEREL, Tk H
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WEEN TV,
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BWIAINE SN BHEND 5. T OFHIIRERD REHE
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Fig. 1. [Illustrations of reflection profiling. (a) A
concept of Pseudo Reflection Profiling. Multi-
ple reflections are extracted from a transmitted
seismogram and are used as a component of a

reflection profile. (b) The conventional reflec-

tion survey.

R A Uiz < WKLty O S PR I 7o 7
Fi% &7 o9 AlhEtEA & 5.

2. BURSRRSEICONT

P B E08EE (Tsutsui, 1992) DR 75 AL
Clearbout-Kunetz /7 £ 3\ © & % (Clearbout, 1968).
Clearbout-Kunetz STEH3 z ZAFHWTLITD X I
Fzxhs,

bT@T*(1/2) =1+R &) +R*(1/2) 6))
CTTITh REKTRSNDWHIESR, T*(1/2) Fz %
T (1/2) OLBERKTH 2. z RO
I X %, & 7z Clearbout-Kunetz ez D EH & f15 2
PN

Clearbout-Kunetz HTE &, SR & 75 2 H N RE& 12 A
VoV A REICAS L & xicHiERcB o N8
WPELERD 2 BT (z) © HEMBIRIE T (2) T* (1/2)
D ¢t>0 DA E, HIZO[E— B & BAE A E O
folE 2IBOoN B EBERSELEER (2) IWFEMTH S &0
HTEEELTVWS., Fi, EEGEEER (2) 0K
DR FHEHIZEREZ O CDP (CMP) 2 % v 7 &5 124
43 (Tsutsui, 1992). L72h8- T, KBS OB @
B 515 5 NSRBI AR E IS L c i - ¢
Wto b DI, HEROEHEHEEAIC B 2 Byl
WSS 5.
FEBROBIARLER T IIRBIFRE S (2) & ARIRREESRE P
() ENEB LS (2) P(2) PHEGEDEISICAST 5.
L 73 » TEEICHIERT 5 o L 2 BRELE: T 2) 13,
T,(2)=S@P@)T(2) (2)

i v/ PES
ERING, Ti(z) OHCHBEBE T, (2) Ti* (1/2) 13,
T, T*(1/z)
=+R () +R*(1/2))S(2)S*(1/2)P(z)P*(1/z)
3
ThH5.

BIRIECEE 10 L THUEE I Clearbout-Kunetz 2 &
BT BICEASKEES@ PE) OFa R )a—vs
vaLBIhER oL, UL, EBRICR#EE~DOA
BHEIE S (2) P (z) OFFffilZR#EETH 5. Tsutsui (1992)
TIRAES L TE OB ZE S @) P(z) £A15L
TS 2 g LoD 73 v R ) a—v g v
WWHWR ZEmTEih, R TR INICHYT 28
MRCERDS IS, L e - CHERLER % O 7o i < IR
LETS@) P@) B—ETHBENET S, ThLIBEEL
FEo E CHHRIRER T (2) Th* (1/2) DIED 5 7 BRI 5
% LU GT0ER, D SORRO e, % R 2 BRI A
Z o TN b D& FELR S A (Pseudo Reflection
Profile) &FFd 2 C L1CT 5.

3. BMWHR

AWFLIE 1995 FFEMPK LRGSERE S « fth, 1997)
12 & B AT HUE BN E % W Tt %17 - 2. Fig. 2
1213 1995 FFEK IR E R E O Bl S ER 2R L,
Z QIO REEDPESEHDIFiiRE 2 B L 728557
AR BOHRD 5 B, S2705 83, FKK, NTT Z#%
L CHSZ OF% £ T OHlEE%E E-W lllE, S6 45
FKK I % ) E-W lll#E & &9 2 MIER %2 N-S HIER & FR
4%, MfiEED FKK &0 NTT 24T HSZ 2f§ic £ b
D ZLEBSIZEE LT\ A, Fig. 2 DFEFE AT 1995 4F
Elk LSRR O FEIRFEIRIS A0S (HURE 130.260687
B, Jbf& 32.784159 FF) ZJFLE L7e.

Fig. 3 (IEEJHEEEENSH 10 km DR S4 15 5 /e
FERTH B, 1995 FFEEIK I LIEEREE ORI T S
413 b - & GBS SN FElTh 5. Fig. 3
OO AHO S ERESE S 2R LTV 3.
B 24 & B & OIS IFRAE « fth (1997) A3k~
TWAD, DINTIREIHIRG S cllillbiEsRET 5.

Fig. 3 IT/RE N2 T X COBMIKIEICR LT, Jelo
Clearbout-Kunetz STEXOFHRGEMHAZZED F, WIEF|
KD 2WHEN S 6.5 HOHNE T (2) & L THOCHM
BERL Ty (2) Tv* (1/2) DS, Fig. 38 FEBIC L
123 D5 IX[E % Correlation Window & L C/RY.

E-W I % & O N-S JHI#5 o 1 (D)5 Wi 4 1R R L 72
fEH A Fig. 4 (b) 5L O Fig. 5(b) 12/k7. Fig. 4(b) &
X U Fig. 5 (b) 13 N N OB LR O IEMYE D
PNy FTEROOSDSLTHERLTED, RIENAZL
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Fig. 2. Geometry of the 1995 seismic experiment in Unzen volcano.
Solid triangles are major summits.

open circles are shot points.
this study.

& T A RMIMHKEED IS VRO S OFEE R LTV 5.
FLUS ST Fig. 4 (b) B & U Fig. 5 (b) O THiTdH
5 EEAEEER ¢ 13,

t=ty- 1 he. 4)

Vs urface

TERINSD., Tt (FACHBABIE D 5 7, ha 13
FREEMREE S (km), b SBHALSELS (km), Vo 13 FEIR
& (km/s) Tdh 5. FMEMHEES hy=1.1km & L, RKfE®H
FE Vouruee \ZTE7K o fil (1997) L0 3.5km/s 2 Wiz, %
NN OELI S LEWTT O T D55 1 Fig. 3 ARk
XL T B B R OKERESEZRL TV A5,

Fig. 4 (b) T3 x <0 O fFs < LI kT 72 RORAAH O
WFTHZDIH LT, x>0 TlE EicoRIkE s>
SR Z IR T 5 C EmEH SN 5. SR
[fii Fig. 4 (b), Fig. 5(b) cEN 2EHEMED X WAHZE
L CEBEL 726 D%, TN Fig. 4 (¢), Fig. 5(c)
& LTRT.

Fig. 4 (c) IR N7c@EfitED K WAHD 5 5, FKK

Solid squares are temporary stations and
The thick frame presents a target area of

BHRCHobNTWEb0% EASIEIC A~D &Mt
4%, Fig. 4(c) I3 TIN5 DOBHEROMIZ, Umakoshi
et al. (2001) 1T & 2R ILPE S 2.6~4.5 km T i fiL
&9 5 RS E T AR % Focal Area, “ERGHTILIPE /S 1.6
km 7T OFRE O HIEF A ZE 1A High  Temperature,
ductile, and Low-Q body (HTDL) & L CTEART/RT.
Focal Area, HTDL & & 122 12N O FERE O K EHEEE
LR~ OZHE 3.5km/s (K « fih, 1997) ZH /e,
Fig. 4 (b), (c) ® 0<x<2km D fAIHAS Focal Area 7> 5
HTDL ([ COREEICH Y 5. B A B8 XU
B OJEA(Z HTDL & Focal Area @ FAZICAIE L, %D
T oK AR HCH & DO TE A I3 HTDL & Focal
Area DEFFRIICAIE S 2 LS ICHZ T 5N 5.

—75, Fig. 5(c) ORI A~D IR D245,
FKK T Fig. 4 (c) O A~D &z T nstiind
%. Fig. 5(c) TIIHFAAE A BL U B KROS5
FAICIAlD > CTHEFICEL 2R 2R, —F, AL
HCHBLUOD IR —4<y<—2km DHFIHOEEERF0.6
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Fig. 3. Shot records for the shot S4 at the stations in the target area.
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Fig. 5 (b), respectively.

“W-E” marks the original seismograms of Fig. 4 (b) and “N-S” marks those for
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Fig. Al. A model of zero-offset seismogram R (z)

at the top of horizontal layers. Vertical travel
time of each layer is At.
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Fig. A2. A model of transmitted seismogram 7 (z)

from vertical incident impulse.
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MmN 5. X (B6) % Clearbout-Kunetz FFE & FE38
(Aki and Richards, 1980; Clearbout, 1968).
(FREETEY RIRER)



