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Abstract

Wide-angle reflection data often show remarkable reflections from the deep crust. In order to obtain new images of

crustal inhomogeneity beneath the southwest Japan arc, I propose an improved mapping method designed for sparse

wide-angle reflection data. The method, an improved form of the Common Scatter-Point (CSP) stacking method, has the

advantages of both the Common Mid-Point (CMP) and CSP stacking methods, which means that it can add a migration
effect to the CMP method, and has less of the ghost curves that results from the CSP method. When applied to two

sets of wide-angle reflection data (the 1988 Kawachinagano-Kiwa profile and the 1989 Fujihashi-Kamigori profile),

the method provided clear images of the subducting Philippine Sea plate and the island-arc’s lower crust. The main

results are as follows: (1) Intra-plate seismic activity is concentrated within the oceanic mantle, which suggests that the

oceanic mantle may be subject to dehydration embrittlement; and (2) The lower crust beneath the southwest Japan arc

has strong inhomogeneity, with a wavelength ranging from several to a dozen kilometers, which may result from crustal

reconstruction due to igneous activity that has occurred since the Cretaceous.

Key words : Common Scatter-Point (CSP) stacking method, Wide-angle reflection, The 1988 Kawachinagano-Kiwa

profile, The 1989 Fujihashi-Kamigori profile, The Philippine Sea plate
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Wi < C 1 Moho T DL II KN UOVEIEL TH S
9, Moho [fiid 3-5km DIEZ & > 7= EHMRER TH D I &
INEAS N & 7x o 7= (B A1E Hale and Thompson, 1982). Z
DI, KEHEMITIZ K o TR O 5720 o 7= 7%
EE OB ENHEE TEDHLDI1TRD, KRR
o L2 MET 5 L TEKEmZ L.
1.2 Bilss S iR E& O BHR

—75, BN SR I N2 HARTIE, /EiHED)
I I — T2k > TLARSE (EITE BENHLIC
fronTE (FAX, EEEIE Y L —7, 1985,

THSIATBAEN  BERRREBARTIZERT AR TR

— 175 —



B SR R S P e e i

1999). 513N S OHEELEENS, FIAITHTHEAI
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- -

1.1 REHEBELR S ) — T2 K B IR PTE A O BRI
e (1989 fEJHE - LERHIER S-1). HUBIRELN 5 D
IRAREIEZTERTE S (MATHENZEE). i
$#13 6km/sec T reduce L Tdh 5.

Fig. 1.1 Example of the record section of the refraction survey
(the 1989 Fujihashi-Kamigori profile) conducted by the

pall

Research Group for Explosion Seismology (RGES) . The
reduction velocity is 6km/sec. Wide-angle reflections from
the crustal lower part are identified in the area enclosed by

the trapezoid.
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K DFIETIIBRE RA AR FHET —% & L THERH
BEEEYvES ST AL WL, FITANET
W, JAARET —FICE R LW v E ST F
EERFETS, 2L T, EBRCHBEN L2y FOJA
fAREET—FICHEAL, TITHLOND A A—=I05
Bl TICIEARAD 7 s UE T L — b DAL ESRBIRIC
DNWTHLMNCZT S, £z, BR27 7 v IRET
2BV 2 TR O AR E MRS Moho T OFRICEE 9 55
LWHIRZES I EZ2HNET 3.

2. HUWTERR
2.1 FERMRICHEZ-T

UL A AT — % ORBITDWTHIT 5. 7k
DO HAT O FHEFRE OHRT, NN E ToL
% AH5E U 7= Lithoprobe 51 D R O LAk & bk 4 %
EFEN - ZIREBEIL/NS W, —fl& LT, Lithoprobe
FHENCBI DT RAFT ¢ 7 ILRITBIT 5 KEES
WHEIEPRE (Cook et al., 1992) EIRHIEEBIFTFLS )L — T
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bld 1730, FESRFRIE 1/500 TH O, BE5NDZT—FD
BB EITORN, BilM@EEHEED T —4 2 fAn
TRSHEMMT 21753581, BRElSHBEIREWZD (CF
B 1.5km), —RRICEEET D ML — 2 & ORER OB
B, 2O, KEEOMMASHIDT, xvESTL
THHFGTH A EOHERIIHEL W, £/, BEIZET
FAFIA NERTH D20, BELAOBRLELZOD
IRIVF— OHERE AR RIIMEIR D, TN &2
HWTHZEIFEL W, ZTORORBIRELDOT—F %
HAWHT ZEICIIEENLETH .

W, BERREbHD. FTEENSETY A1 B
FHWTHDDT, NA T OV AD KD 7t o HlH 55
EODBIFRINF—NREL, HBRFEBOEEIZITMD T
BANTHDB., £/=, LB EEIMEITK 2 HEBEHETE
EHELERETHL2-0WBMENESRELTHD
(150-200km), < > hJL 213 U b MR 2 8@ 5 i ik
no, MBETETOEREMEEBEEISHETS L
MATRETH . KEHEMNT CHEEMISE 2R 2121F, —
MR EMT 21T S, HEMRNT &1L, KELEME DY
E O IE IR AER AT iR 2 i < = 2RI L T,
BBl EOS ETHREOYOA 7y b ERTEZE
BLELAEDOEREZEEIC, Ho &b KK OIRIEAM<
HNbDeZzDRIOEELTLHDTHS. Lil,
ZDHiEEREEEDOMNSFIMOFT—F AT 556
TR O AP ERE DS AR N 5 KR E AN D720, HE
BT B &MLV, TR LT, JEfAaREET —
5T, EITEMNTIC X o TEBICERGFE 21TV, &
EREZE RO TND 0, K0 IEMEREEMEZENS Z

2.1 Lithoprobe F1#[1Z & % Southern Canadian Cordellera
IZB T 2 REEGRETHEIERA (Cook er al., 1992) &
TR BB TE V) — T K 2 RS - LERHIER 1T
BB LA FHERE (RBLEEE S ) — 7,
1995) & DiLRELL#E

Table 2.1 Specification comparison between a continental deep
seismic survey of the Southern Canadian Cordellera
(Cook et al., 1992) from the Lithoprobe project, and
a wide-angle reflection/refraction survey from the
1989 Fujihashi-Kamigori profile (Research Group for
Explosion Seismology, 1995).

Southern Canadian Cordillera) Fujihashi-Kamagori]
Source type Vibroseis Dvnamite
Source interval 180m 70km
Reciver inlerval 50m i.5km
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ZTNSDOTFHEOFRM EZOME S ZHMAL = LT, #HL
WEEFICERD D Z &12d 5.

2.2 CMP Hi&i

2.2.1 CMP HEEDFEMH

JFFE 25T 572012, K21 (a) TRI XD AEHTIC
KT8 ST 2330 B 7K 2 JE s & e L, HiRICI3T8E
MEZREPREIN TWIEAEEERS. MHOEKS%E
Eo THhIREMEZREOMAGTHRITBNT, BHE
RS W7z O KT TRE LT &72 2 2R A
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T3, InEH@EKH A EIER CMP &1, Common
MidPoint DI TH BB FHLOETH S, ZO&EOEH
IR 20 (b) OL DT, KGRI R 2 i/
<. INSOBNGREEE B 20 b IE KN SE Eo##E
DR —HTREEZEZ LENOXDICEMTEI L%
NMO #1E EIER. NMO #i1E 1 & 0 S HHF VAL AR 23T o
THE—FNICAY, ZosEomESNzitkztto4 >
Yy NERREEREIER. ZLUTHU CMP Z2HDF 047
Ty MERGEEEZELADESZEICLD, KEHIE®R
FEND, ZORLEDEDIEZ CMP EAEIER. —
H, REREREFEDN IR N O R (B 2L, EEP DS K
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Fig. 2.1 Scheme of the Common Mid-Point (CMP) stacking method. (a) Simple model with a single

horizontal reflector (triangles and squares indicate shot points and receivers, respectively) (b) Before
NMO correction (c) After NMO correction (d) CMP stacking after NMO correction.
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KRIRAT L — 3 VIUEEREELTS, 17—
Ta ABEIZEY, BT EOKEHEOER DR E SR
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e EORN RN RAD IR W, BRIETIECMP EE%E
TWREDEEYA T L —3 3> TBLENEEEGHIYA
Tl —2alhREREBoTETWS, EERYA T L —
2 a ORI RERBNINDEDTHIDH, HI %
LWt EREMERE DM FIC K O R RTEE &S 7a o /2. REIT
WBZZOEGHINA L —3aD—DThIHELELE
IZDWTIRNB,

2.3 WELEGTE
231 BELEATEE R

WALESE T, ZIEATTHEN S W2 O REE
HOPBHMPSES —RKHELE U THELL TEHED
HREOETHDEMREL, TOHEEELTEASN
LB ETIR\BZIRO TS, #lxiE, K220X512,
MR HMOREREZIREANDDGEEEZD. £T
FEEAITTIZ =0 ICREL T, TNEZIRM TR 72
ETD, Z0EE, ZOREk LOREL =t ITREL 2>
TN, ZOFREREZREMDED t=t, OBUELE S ERdh
MEOWTNDLORNSEBEL TELDBDEEZS. B

HEZnd
2.2 HECEGEOBE. SFEEL B E R AR L R
DOIRMEZEIRD 05 (). R\EIRD /0T 72%, &
BTLI LKV HEAETAIND (H).
Fig. 2.2 Scheme of the Common Scatter-Point (CSP) stacking

method. Amplitudes are allocated on the isochrone of the
scatter traveltime (left). The scatter point is emphasized

after the allocated amplitudes are stacked (right) .
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Table 2.2 Comparison between Common Mid-Point (CMP) and
Common Scatter-Point (CSP) stacking methods.
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TINBNEWSEMENSD D, £ 2T, HERENT—
&R EIND X D I RGN D R RG2S DU TR
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BEOMTEOREEZHNRNS, TN5OEDH S %
BRARIEHATES LI BRTFEERHFET L EITT 5.
242 BHUWEBELE GED KB
BELESEDOREATH 5 FRITHES kD T —Z b
DIEERNE, BEEL I E R bR BTSSR TE O iRiE 2 R D
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1, kD & D ITRIE 2 S ERIREERICTRD 2T 20
Tl <, ZORIBOIRD 5TFRFIZLLNT O EAB % )
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ZRATHINI N HELRICTBYT 55 504 (=) O
IRIE 2 2 B REi AR LICIR 0 1 B354,
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Fig. 2.3 Scheme of the improved mapping method. Amplitudes are
allocated on the isochrone of the scatter traveltime using a

weighting function.
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Schematic diagrams of the control factor’s effect. The
improved mapping method comes close to the CMP
stacking method as the control factor increases, and it

comes close to the CSP stacking method as the control

factor decreases.
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Fig. 2.5
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Geometry of the angles 8 and ¢. 0 is an angle between
the normal line and the bisector of the scatter angle at the
scatter point P. ¢ is an angle between the horizontal line

and the tangent at P.
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2.6

traveltime from a shot point (upper left) and from a
receiver point (lower left). A scatter traveltime map is
made from a summation of both the traveltime maps
(right) .

— 180 —



B UWBELE SRS D < AR diGE ~ v £ 2 7 —KH

EERED., TIT, To 3BEADNSBELLAE TOER,
T IHELEN S ZIREA X TOERTH D, ZOELILE
MERD2HEELTEIC2DDOAHEND S, IHEH
BEICK 2 ERGEEEARENICK D ERGEETH S
(LUF, ENTNIHEEINE, AREMEESIER). R
EIHEIC L O HELEERZ KD 57201213, 5I1ETSE
FINOET Yy RICHELR & E L, FEE S S B
ETOWEMEMEANORBERETOWERE 1 A1 K5
HI308ENH 5. HLEHHEIFMZKEET D FIET
HBHIETTRL, FBRAEEMEREL TV EDITHEE
WS DOZEANE L WHEETIVICE > TIRERZE LD
LT EMTETERZFETERVWIS ¥ = — 2 NH
N25aNH5. —FH, BREMEI-EOFETHRE
HN AR T 2HES RO ERZ —FITRD S Z &0
TE5., TNICKD, EHEEFEDOHE DX D ITHHEKEE
HETERWVWI Y R= =228 Nb 2 &b, HE
BRKROENZERDD ZEMAFETHD. BEWNIHE
FERE N EMEHIBICEN T 5 2 L 2EBET DL, AT
FECIIAERESFEEZRHAT S, £EBEOFE TII Hole
and Zelt (1995) IZ K2 HGRAEMED Y IV T X L ZEHAA
AETOTSAZERTS. 20707 503K
DEDEHEPDEAEETEENTE, FLEEALNA
BEHECHEI S NI A NDKRERGETHLEEL Tt
HTELFEZFD.

R OGRZESEEZRAT DICH0, —EICHEEY
EROERFNEIETELH R EENL T, RO LES
AB.

ZHRENSHELEETOERZ T, &35 &,

Trp = Tpr (5)
ThHd. LT Ty i,
Tspp = Top+ Tiep ©)

LETENTE S,

DXV, HERBREZRAICOVWTCEHEAET ZHA,
NS OERS & ZR SN OERE EZNZIRD
T, MEBORLAEDLEICEL ST, A5 ITHELIEREZ
FHETES.

2.4.4 SYfRAE

ZOETI, ZOFEDOZEMBREITDNTERT S,
ZSFE o R EE IV I E 0 AR AE & KB REE & 3 5. TEES)
fRfeZ 2 DORMEOT T —7 L v BT E ZRA
ThHhsETHR5IE, ANHEOKREEZLETEHE, &
B FREE r 13,

r,=Al4 ™

E72%. Z#UZ Rayleigh @ 1/4 I ERI RIS,

—J5, KESMEEICEL TIX, TONMEICEET S
WS DOMOHEEZENET SN, (1) 7RI =2, ) %2
YR ASREIBE, (3) control factor 12 & 2 RIS 2 3R © 70 V) 5 fE s
DIEMY, Ed5. £3 (1) OTLFRI =2 O¥FEr
13, MHEBDEIE LT DL,

r=Az-1/2 ®)

THEALNS. KT Q) OZRARMHICE > T, #EnT
BB RESRHRZZ TS, ZONEETRE/SRE S s 13,
ZRAMEZ in &35 &,

s=2xin 9

L&D, (3) @ control factor 12 X D IRIEZIE D /70) 5 E
BOJEN DX, control factor DEZE /NS K< TH T EITEo
TRELRD, ZNITK> THMEENTEL /2%, control
factor IZ K > TIRIFEZIR O /11T 512 0 DERAMEZE O,
WRpLsDHEIE T HE, HBEOEND 413,

d=2z-sin6 (10

LT, BBEEAMBDLIENTES, 0T, Zh
53DDBEFEDOHTORKNMEVKEDREDRATH %
EEALND.
245 FHEOELD

HLWHELESIERL, BEABIEE control factor 2 & A
T2HIEITKD, INXTHOFETH o7z CMP HEGL
ERERDEEEETED D DOFHEZ AT 7=, control
factor 2T 2 2 LIk D, ZOMWMEIZH D -DDF
HEIEDEA A, TOMFIENMIT 2 FEOUHEZ & ]
AEIC U7z, Z OH R OQULEE T F ik DR & & 31l A
THD, TNETYvE T I LRFICHEDH > = #8H]
REEMIWT —Y 2WHGEIC, TORNERFETE
EMEEND. T TRETEIOFEOEEICD
WTEIERHEZ S L ITHREET 5.

3. FAhk
31 FAMIHESLT

ZITE, AFRCODWTUTOEEEF VI T5
FOICHmNIBIC LD T A NEfTo /2. F v Z7HEEIR,
D ARV FUITMRICKIDEE 2) Ny RUz—T1
KB 3) control factor DFNIR (/A A2 WEE) |, 4)
control factor DENE (/1 A db25E) O 4HEHTH 5.
D TEAFIEICBIL2 ANy F 2RO EEHEN
DD, ALy FIUEREZT, NMO i ERFIC 5 SR
LLF, #71y FERER) NREL, ATV
BT E, WENBIEEIINDIDRETHD, KRESGIEE
XINEWEEEZOEEFALTCMP EGET 5 EAS
NHAA=5HbIESD, AFERTBWTH, ALy
FrOOEEETHIIEE LT Y ERIERINT D 0HE
MNHs. 2) T, HTOHEZOREFNTHEEDHNE %R
FETHANY R —TOEEBIIDODVWTHANS., A 7€y b
DREVWEEICHRAEDETERE23HT5E, LE
ETBWALEERTII 2L, TNLDBEIGET DAY
Rz —T7EREGETLH580H 2. Oy RYx—
TEEUERGE R WS, BELS SRR 55
BT INDHRENEND D, DD, Ny Ry x—
TEEOBEEEERVWEGOERSGEZEIHEL, TOF
BIZODWTHEET 5. 3) Tld, 4EE A L 7z control factor

— 181 —



B SR R S P e e i

DHMEZMRIET . T D control factor Dl % 1 & 1ZZ8
EIEDZEITEY, A A—UPHELESENS CMP ®H
BEANEDIIITE LTV DONEF vy Z L, ZD
ZALEHP O FEOPMICHY T 50T ED LS
R H 5 DN EMRT 5, &EIT4) TIE, HEBiRIEES
KGR ERIC ) A X EDEEEH AT —FICTikziH
M9 %, EEICEINTIE, BElIn5T—5DONy T
SR A XTEL, ERBELRBHEITIE, METS
BHHERTHOHROEENKRES B> TWBHEHENLN
FDEIBBAEDEFIEDENIEIC DN THEET 5.
FAMIERLUZEFINEET250m 7' v RIEEO 2
RIEETINTH 5. BELIEERFOFEICIIAERAESEE
FHW /= Hole and Zelt (1995) o7 a7 S AZEHT 5. £
7= synthetic JiJE D EHE 1213 Zelt and Smith (1992) DiHEE
MiEo70r7 I 802 HNWTHBO, KEBPHNEICHEDWT
R INZA 2NV A REITEIRIE B % convolution L T
W EERL TWa, T % synthetic J% 13 100Hz H
>TY T EL, BREBICIIENE 83Hz O 1 ¥ 1 7))
DOYA g EMHL .
32 ALY FUTDOEE
BUICARL Y FTHBICDONTHAT S, NMO
FIEICE 2 A ML Yy F U ROBETZRK31IIRT,
() TIIKELBEEEZRELZEEICFRAL CMP 26D
NMO fiIERTD b L —RAZ&KT. T I T, 4KDKFER
KM ZERKE Lz, ZOrEk%ZE NMO fiiEL 7z kL — AN
b) TH2. ZOEMSOLNDLDIZ, T 71y FHNKE
<2312 oNT, REHEDO 7 FIVEENGIE/mIEEINT
W<, EREROWRHETED S ORMNKIFEZDOGIEMIIN
LEIGMREN., TUMWARNLYF IR THL. 0
KELBIEMITINEREBREEDEEFELATIE, 55
NEAA—TOHEHRS ZEZHATHS. Z0LHR
B <z, AAFETIEEE L —205EMiFans
B ERZHFIFTDHZEICL, ThEBEADEEICIE
HBlBnwZEELE Zo5EMIEINDEEZE, NMO
IERT & NMO i IE#R O b L —ADHTERYT (BT
AMLyFTHEER). FUEE L —Z ETHk
R U TA MLy F 2 HIGALL, #E8fETHo
EBHBREL, ZNXDBBRORELTIIHRLIT/NETL20,
100% 12T, (©) & (d) 1 NMO ffiIERFICEAT
LEMNENDZ Ly FLD ERZEZNETN 150% & 200%
ELEBETHS., FREFETHIEICLD, b) D&
IBRERWIDEAIIRL 3D, ZODEkKTDHE
150% D HITHEIE D EHIIFE E/RND, R 5 O KFHE
FRESHBRESNT, EHARERT - 0D <7/E>Tn
5. —7J, 200% DHIE, 150% DEEXDHLF Ty b
DRENEZATEHEROHUDBASNSD, FHTES
F—FEIFE< 0, HIZIEH o EHENETIT4EHEA
TWs, DFD, ALy For7HOERZESHETN
WXEAIKRELS DD, FHTEST—ZIIEINT 5.
AFFEOHBEDA RN F U THRIZIDONT, K32 %
HWTHHT S, EOREF 7ty /NI W (70km)
BAEOMELEEREZ, FOREA 7y AAKEW

#5685 200549 H

Time {5ec)

@ T o @

31 NMOMHIEIZBI2A MLy F U IRDHE. (a)
NMO #i EgT O RLE, ) X b L v F > T i
ERZEZETRNES, () ALy F 2T LR
150% DaHE, (d) A~ L wF 27 Hat R 200% O
6. Yilmaz (2001) K D5

Fig. 3.1 Stretching effect caused by NMO correction (Yilmaz,
2001). (a) A synthetic CMP gather before NMO
correction, (b) after NMO correction without stretch
limits, (c) after muting using a stretch upper limit of 150
percent, and (d) after muting using a stretch upper limit

of 200 percent.
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Fig. 3.12 Seismic sections applied with the improved mapping

method using no stretch upper limit and a control factor
of 1. With (left) and without (right) head waves.
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Fig. 3.13 Seismic sections applied with the improved mapping
method using a stretch upper limit of 190% and a control
factor of 10. With (left) and without (right) head waves.
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Fig. 3.14 Mapped area using a stretch upper limit of 190% for
offsets of 70km (left), and 140km (right) .
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Fig. 3.15 Distributions of @ for offsets of 70km (left) and 140km
(right) .
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U CRME L T, BIRMIC RO /2 fE 2 BT U L.
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Fig. 3.16 Synthetic velocity model. The two left dipping reflectors
have dip angles of 10° and 20°, respectively.
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Fig. 3.17 Example of synthetic wave forms without noise. The
shot point is located at an offset of 20km. The reduction

velocity is 6km/sec.
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Fig. 3.18 Effect of the control factor of the improved mapping method, which is applied to synthetic data without noise. The control

factor range is from 1 to 320. A white dashed line indicates a reflector of the synthetic velocity model.
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Fig. 3.19 Example of synthetic wave forms with noise. The shot
point is located at an offset of 20km. The reduction

velocity is 6km/sec.
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Fig. 3.20 Effect of the control factor of the improved mapping method, which is applied to synthetic data with noise. The control factor

range is from 1 to 320. A white dashed line indicates a reflector of the velocity model used.
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Fig. 4.1 Flow chart to process wide-angle reflection data in this

study.
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Fig. 4.2 Example of observed wave forms before (left) and after
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(right) the S-wave removal. First arrivals with large
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(right) deconvolution using an operator length of 0.6sec

and a prediction lag of 0.07 sec.
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B 4.4 1988 AEINEEF - FCRIHIGR KON 1989 4FHEAG - LARHIGRE DM O MU, HETFHA AT (1995) &0 51H
Fig. 4.4 Geological map of the Kinki district including the 1988 Kawachinagano-Kiwa and the 1989 Fujihashi-Kamigori profiles, after

the Geological Survey of Japan (1995).
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Fig. 4.6 Record section (S-1) for the 1988 Kawachinagano-Kiwa
profile using a bandpass filter of 5-8Hz. The reduction

velocity is 6km/sec.
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Fig. 4.8 Upper crustal velocity model for the 1988 Kawachinagano-

Kiwa profile after traveltime inversion.
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Fig. 4.5 Location map of the 1988 Kawachinagano-Kiwa profile.
Stars and open circles indicate shot and receiver points,
respectively. Hypocenters of micro-earthquakes from
May 1995 to April 2001 (Nakamura et al., 1997) are
superposed.
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Fig. 4.7 Record section (S-6) for the 1988 Kawachinagano-Kiwa

profile using a bandpass filter of 5-8Hz. The reduction

velocity is 6km/sec.
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Fig. 4.9 Model parameters used for the traveltime inversion of the
upper crustal velocity model for the 1988 Kawachinagano-
Kiwa profile. The boundary and velocity nodes are

indicated by squares and circles, respectively.
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Fig. 4.10 Ray path diagram used for the inversion of upper the
crustal velocity model for the 1988 Kawachinagano-

Kiwa profile.
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Table 4.1 Resolutions and standard deviations of the model
parameters used to invert the upper crustal velocity
model for the 1988 Kawachinagano-Kiwa profile.

Position |Original |Resolution |Std. error

Layer 2 0 0.05 0.994 0.0386

6 0.3 0.9905 0.0486

Depth 12 0.01 0.9981 0.0216

18 -0.51 0.9969 0.028

(km) 27| -0.34 0.9973 0.026

39 -0.1 0.9649 0.0937

44 0.3 0.9631 0.0961

48 0 0.9855 0.0603

57 0.2 0.9964 0.03

0 52 0.8615 0.0744

11 52 0.9695 0.0349

Velocity 22 52 0.9895 0.0205

33 5.2 0.9883 0.0217

(km/s) 44 5.2 0.9467 0.0462

50 52 0.9875 0.0224

55 4.95 0.9817 0.027

66 4.95 0.9873 0.0225

Layer 3 0 1.2 0.8696 0.1805

Depth 11 1.2 0.9505 0.1112

22 1.2 0.9511 0.1105

(km) 33 1.2 0.8868 0.1682

44 1.3 0.9778 0.0746

55 1.8 0.9508 0.111

66 1.9 0.7295 0.26

0 5.7 0.9156 0.0581

Velocity 11 5.7 0.9913 0.0186

22 5.61 0.9954 0.0135

(km/s) 33 5.55 0.9947 0.0146

44 5.7 0.9926 0.0172

55 55 0.9911 0.0189

66 5.5 0.7295 0.104

Mrth waounth

5 5 TR 5 5 =

w W k b L v

Lrepth (koms)

X 4.11

Fig. 4.11
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Lower crustal velocity model for the 1988 Kawachinagano-

Kiwa profile. The velocity of the lower crust is assumed
to refer to the 1989 Fujihashi-Kamigori (this study) and
Kurayoshi-Hanafusa (Yoshii et al., 1974) profiles.
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Fig. 4.12 Seismic sections of the 1988 Kawachinagano-Kiwa profile. The range of the control factor (F) is from 1 (upper left) to 320

(lower right) .
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Fig. 4.14 Comparison between this study and the previous study. Cross-sections for this study (left) and for Yoshii
(1991) (right). (a) Undetectable double reflectors, (b) undetectable multi reflectors, (c) undetectable

change of the dip angle.
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Fig. 4.15 Location map of the 1989 Fujihashi-Kamigori profile. Stars and open
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Fig. 4.13 Seismic section of the 1988 Kawachinagano-

Kiwa profile and its interpretation (F=40).
circles indicate shot and receiver points, respectively. Hypocenters of

micro-earthquakes from May 1995 to April 2001 (Nakamura et al., 1997)

are superposed.
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Fig. 4.16 Record section (S-1) of the 1989 Fujihashi-Kamigori
profile using a bandpass filter of 3-8Hz. The reduction

velocity is 6km/sec.
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Fig. 4.17 Record section (S-4) of the 1989 Fujihashi-Kamigori
profile using a bandpass filter of 3-8Hz. The reduction

velocity is 6km/sec.
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Fig. 4.18 Upper crustal velocity model for the 1989 Fujihashi-

Kamigori profile after traveltime inversion.
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Fig. 4.19 Model parameters used for traveltime inversion of the
upper crustal velocity model for the 1989 Fujihashi-
Kamigori profile. The boundary and velocity nodes are

indicated by squares and circles, respectively.
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Table 4.2 Resolutions and standard deviations of the model
parameters used to invert the upper crustal velocity

model for the 1989 Fujihashi-Kamigori profile.

Position |Original |Resolution |Std. error

Layer 1 30 4.07 0.0644 0.1934
Velocity 90 3.13 0.6199 0.1233

120 3.7 0.5695 0.1312

(km/s) 180 2.61 0.7675 0.0964

0 0 0.9976 0.0244

Layer 2 30 0 0.9193 0.142
Depth 60 0 0.9978 0.0234

90 1 0.9477 0.1143

(km) 120 0 0.9822 0.0667

150 -0.1 0.9971 0.0267

180 1 0.9981 0.0545

210 -0.1 0.9985 0.0192

0 482 0.1719 0.182

Velocity 30 4.86 0.7381 0.1024

60 5.46 0.9088 0.0604

(km/s) 90 4.96 0.278 0.1699

120 5.02 0.8005 0.0893
150 5.03 0.8747 0.0708
180 5.51 0.5586 0.1329

210 5.5 0.9354 0.0508

Layer3 0 1 0.9587 0.1016
Depth 90 1.2 0.858 0.1884

(km) 150 1 0.9933 0.041

210 1 0.8637 0.1846

0 5.86 0.9987 0.0073

Velocity 70 59 0.9995 0.0043

(km/s) 140 5.97 0.9996 0.0041

210 5.79 0.9984 0.0079

%43 1989 4ERME - L RRIIHE O VR ES H BEAE £ T LV HEE
DEDITAN=2a IZBWTHEALEZEF I
INT A—5 — DfRf I LAERERR S

Table 4.3 Resolutions and standard deviations of the model
parameters used to invert the lower crustal velocity

model for the 1989 Fujihashi-Kamigori profile.

Position |Original |Resolution |Std. Error
Layer 4 |Velocity 0] 6.16 0.9954 0.0136
(km/s) 105 6.13 0.9995 0.0046
210 6.11 0.9968 0.0113
Layer 5 | Depth 105 25.25 0.0376 0.981
(km)
Velocity 105 6.61 0.2894 0.1686
(km/s)
Layer 6 | Depth 105 34.09 0.6057 0.6279
(km)
Velocity 105 7.55 0.9369 0.0502
(km/s)
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Fig. 4.20 Ray path diagram used for the inversion of the upper
crustal velocity model for the 1989 Fujihashi-Kamigori

profile.
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Fig. 4.21 Lower crustal velocity model for the 1989 Fujihashi-

Kamigori profile after traveltime inversion.
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Fig. 4.22 Model parameters used for the traveltime inversion of
the lower crustal velocity model for the 1989 Fujihashi-
Kamigori profile. The boundary and velocity nodes are

indicated by squares and circles, respectively.
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TR
Fig. 4.23 Ray path diagram used for the inversion of the
lower crustal velocity model for the 1989 Fujihashi-

Kamigori profile. and its interpretation (F=40).
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Fig. 5.1 Location map of the seismic survey line conducted in
1999 (solid line) (Kurashimo et al., 2002) . The line
intersects with the Nankai trough, in the eastern part of
Shikoku Island and the Chugoku District.
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Fig. 5.2 Geometry of the subducting Philippine Sea plate and the
crustal velocity structure (Kurashimo et al., 2002). The

hypocenters are also superimposed.
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Fig. 5.3 Location map of the seismic line off of the Kii Peninsula
in 1994 (the easternmost north-south line in the figure)
(Nishisaka, 1997) .
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Fig.5.4 Geometry of the subducting Philippine Sea plate and
the crustal velocity structure off of the Kii Peninsula
(Nishisaka, 1997) .

HO R E < v E 27 —iRH

XD 1.8km EIFFH L= DF0, 2 \ERHMIL, W
R 2 AR RO EM & THERA TS EEZ OGNS,
PE3IDDOMRZBRET D E, HHETET 2 IL6ER
DORHMEZ 71V E BT L —FDEEHZEL TWS &
EZ5N%. T TR (1997) FOARZEN SHEE SN
5740 T L —hORKEELDDE, ToUE
SHET L — MR BT S R & BB 1T 30550
—10° ERES LN SEDIAAL, HELETT20° &7k
D, HE35km LD 30° EHICKEL RS, FL—1h
O LIRS RE 2 B EBEZ SN DB, AR
BIEDHMN 5 D75 EHIES 33km E THVL TV D AJREMEAS
HB. ZOWHABHAZL, B FIEN (2002) 1TXDHERIC
BUIBMEHREBTO 7 UV E S L — s OfEFA (129
EHRD ENZDREN, ThbET7 U T L —
N ORI R E st D 2 &S 2 5.
m::®74Ut/@7v b EEIR AN & DBIFRIT
DNTER wwﬁﬂﬁﬁ%—ﬁﬁﬂﬁ®ﬁ%ME
(X 4.13) | ﬁmw 70y hL7EKZERT (K5.5).
ﬁ%ﬁmﬁmk%%ﬁﬂn%ﬁﬁﬂﬁﬁﬁﬁﬂt/&~
Mot N —FEMHAL, 19954 7 H~ 2001 4 6
H & To M ﬁMémtﬂ EHWTWS, ZFESM0h
DR ET L — b OESIIIETFEATT, TDOMAEIL20° T
Hb. 61 mé4ﬁmﬁﬁfm RS DT L — K EF
TICHERAI30° ER&ELBo>TWS, LhL, FTL—Fh

Dﬂ'ﬂlh [k=m
E R 2 RBE

P
w

S

2 2 B R

P55 1988 4RI R ET - SO RIEIRR O S5 W BT SN EE
DERZET Oy b U, BET — 7 ER R E M E
TFZE AT R R A B LI > & — D it

Fig. 5.5 Seismic section for the 1988 Kawachinagano-Kiwa profile
superimposed with hypocenters, which were provided
by the Earthquake Observation Center of the Earthquake
Research Institute at the University of Tokyo.
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Fig. 5.7 Velocity structure used for hypocentral determination
(leftmost) (Nakamura et al., 1997) .
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Fig. 5.8 Seismic section for the 1988 Kawachinagano-Kiwa
profile based on the same velocity structure used for the

hypocentral determination.
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Fig. 5.9 Thermal structure of the subducting Philippine Sea plate
from off of Shikoku Island (Peacock and Wang, 1999) .
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Fig. 5.10 Schematic section of accretionary prism (Matsuda and
Isozaki, 1991).
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Fig. 5.11 Moho transition zone model (Braile and Chang, 1986).
The transition zone consists of random, thick-variable,

high- and low-velocity lamellae.
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