TG - HOEAF SRR, No. 9, p. 175-259, 2009

MinHEERAN 3 Rt BEEDNDETILIE

3D subsurface structure model of the Niigata sedimentary basin

BEOEF ' - SRHET - ENIBR’ - FEAMB— - HABE " - ilme’
HEEXR - BRAXH -8 OB

Haruko Sekiguchi', Masayuki Yoshimi’, Haruo Horikawa’, Kunikazu Yoshida®, Haruhiko Suzuki*,
Hisanori Matsuyama®, Michio Morino®, Fuminori Takizawa®, Liu Ying*

EBTERISE Y 2 —, AR B RFB SSEFZEAT (AIST, Geological Survey of Japan, Active Fault Research Center; Now at DPRI
Kyoto University, Haruko.Sekiguchi@ky8.ecs.kyoto-u.ac.jp)
TIGTE « HEERFSEE - Z — (AIST, GSJ, Active Fault and Earthquake Research Center)
IRMTENIGEE 2 —, HIE (W) sk HisE BR5E AFSEAT (AIST, GSJ, Active Fault Research Center; Now at Geo-Research Institute)
IS HE kR4 (OYO Corporation)

Abstract: We construct a 3-dimensional subsurface velocity structure model of the Niigata sedimentary
basin where sediments more than several thousand meters thick are layered. A large set of exploration
data, geological data and seismic observation data have been compiled for the model. Especially a
number of deep boreholes and seismic reflection data for petroleum exploration have contributed to
constrain boundary depths of deep sedimentary layers. Firstly a 3-D geological structure model has been
constructed by estimating depths of the layer boundaries from exploration data and geological
consideration. Secondly, depth-dependent layer velocities have been determined with compiling PS
logging data. An initial 3-D velocity structure model has been made as a combination of the 3-D
geological structure model and the depth-dependent layer velocity values. Then, the initial velocity
structure model has been validated with regard to the seismic response and modifications have been
made.
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DR CERIES NI KITILE O E 2 7%, BE 2.7 g/
cm’ ICEEL, FIE =2 L L TITREIIRZ W B,
1971 ; PEH, 1974). Z OEAITTHNA L— FEERAAR
MO (FEHE), IERFIFEAEErTHS.
L7=28->C, MBI ERE L RRETH D 2
EBRHEMEIND. bR, RLUHHD 2,500~
3,500 m (e L8 T80 1%, 2.53 g/em’ itk 0%
EThHb. EH—RmEH X O HRE T, il
J& & DT KITILE O 5 a5 L PR E & 2 D
L, IR X EA O OFE Y i 12 TN D
EWVMEZRT HONRZ. FHBHEEAD Y B, T
T, SO E) - HikEH ORET, Af -
HE DN L X EEN -T2 2 RTINS,
BHERRKOTA VA b= E NS (FHSEN
PYRECEEE - R, 1975) BARETHOH AKX O
KT, ZHUDEECIER - BA OERE OREEZ S 7
HLEMEELDD.

b — HSEGR, P R X D WM A — TR BEAR K
DOREFITEE L, MBS E T 7 U VER R S fE ik 3558 o
JEFFX oy & L CHiRmE g0 fEF X o % A58
B, WVEE L B X Sy - HUEREE & ORISR D
DOTEBENELC D Z LB LT o720,

3) HRBIZES A —N—NUTHEEDETIVIE

FRHURI X2 OV E N H 5. ML #h &0
KEWZE LD, HEm T mobETFEMNELES
THLVWHEO LI WHiEREY ERN->TWD
(A== 7)) ZLEHHD.

WrfE 52 X 2 B A ol o Be a g 1Y, MR
DOFHWEFIXFEZT. #HEEINHRDOD H L oI T
TAHMESRCIRD G ) EEWIE, BEOERICE-T
B85 (Bl ziE, Hatayama et al., 1995 ; KEFHIEH,
1998 ; Graves et al., 1998). Ko T, H#E|C L 2 HE
LA ZIE L M2 72000%, WiEic k5B
WEDOIIRBIELL ET LT HMERNH D, Wil
B> TAH— =N THEEN D DA IIEZE
EETIMETHMERDD.

Lo, A== 7029, FUCHED 2 &
FEIECHT IH O Mg DR FE W EA1E, 3 T AR 1E D
T ILIEEE RIBICEREICT 5. %ikT5 K918,
AAFgE D RS T T VI, R o4 jE S R
HIRESHZERKE L THERSIATHWS., LoT,
ERE TR CHIJEBE S 2 FEBI -0, HiE DIE
R E I3 RS b &9 et & 5tah 9%
DIZRETH D, Fiz, KEHEMEHRERERENS 2
W ICWI T CA— 23— TREE DN FENZ Dy o T
HHETYH, 3IRITMIZED L ) etErEE 7z LT
LIMZONTIE, FaRERBEVESSITLEAL
Thb.

Z 2T, AW 3 oGO €T A bIZE
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- AREPIE R - WEPUCCHL - B BE

WL, I ) =N TS R, HEE
WriglciE &z CTET T2 &Lz, LaL,
ZOEMALORELIERET 5720, EERWEEIZO
WTH =R TREE D Z BN LENG ) E Rt
L, FOHOONEDOMEIZONWT, F—/"—
THEEEELL T MELEESE L LRV AEDH
BRHE 21T > CTRME LT EBOES W2 AL 5.

FHEAWEEOMIREE LS.

@ #iRsLBR - AR ES

A=V arT I h=J ALK DHWIETH D
9z, FHHANTEZ IO WA THh D1, 4 —
PN N TREIEITIE 2 TR,

Q@ FEEBREBZOEWE - FEHIVMRERE

B EH R R R (AR, 1991d; A=,
2003a) (2, [A CHkE o 2 SEAEECHTIH O HiE o s
NRENDTZD, FT—_R—= " T OETFT A MEE
ThD.

Q@ ERTEHAZHES

HHEMBEREAW I (AIAR, 1999b), BIUY,
HpERSEO M E W CAIMAR, 1991b ; AIMAH,
1994) kv, Wigxsssl L CHgOF AN ERT 2
WEMENRROND. 7=, METHEITES Z 72T
Wrigt 7 A FOEFIZESAYWEE L, AT v
TEIXEE & R LR A il & v 5 3 IRoTIIR
MEOEND. L, WiBoeEIZhblz - THEMEZ
WG Z T M T D 2 EITEE L.

Fr— =N T HEE O RS S R B REAR 12 5 2
HELE UG 57w, EMSEE &= 04—
N—n TR (BERHEK 73 B, HEIAE OVEE
$4000m) ZHLL7- 2 RCHEIEET VT, TEEWE
IS L7 A L G 21T o728 2 A, K
PRI A 5. 2 5 & PH LW & T 5 O 5 km F£E T,
BRRIEOZEMAE— I MEIZTNDHLDODORKE X
THFEVEDLLRNWT ERbhoT2. 72720, %k
KA OWIEIIT LV IREHICEEEL 525 2 &N
Do T,

4. AWEEN - T—4%

WHEBEEICET 2T — 220, HbdHY
HRET — ¥ ERBME T — X ZIE LT, FiE
WUZiA - RAT AGWRRAEZ BrlZ, KHE
FEHERBEYER & RIRER—V v TRENLEITD
NTEY, o PE#EEE T AVERICEWTH
DT —4 L0, DUTICREMZTH 3 5.

41 REBHET—4

(1) REHE

BAXIR LI L DS, FHERMUER (s I,
2000) & 20 By 1 WERKEE T VX NVT—H L L
THiAEY, Zhzwe—ifEmsib L, REtgsr —4
L.



BIRHERT A 3 YT MRS 15 D £ 7 /1AL

(2) HhEH#EE

55550 1 B KNG L 0OV20 54y 1 #UEKIZE
WINTWaWrkE, R - mR, HEgoEm - gk
ZHEICLT, Mt oMmEREELHEE Lz, 5
Ty d 1 HUE R L OV20 54y 1 #HUE Ko H s
WDOELEEBYTHA.

« 5 H4D 1 HE XIS

T EvEEs ) GRPL- IEE, 1989), =251 (4K
1E7>, 2002), THEFET | (CARIE DN, 1989), THAIG ] (/1
MIEA, 1995), TRR) UNRIEA, 1991), THIZEIR
(NMRAZ Ay, 1993), [ HOEES ) (FF N - J0 i,
1994), TAZ IR R ) (FrPWIEsy, 2000), [Hilg ) (97
WIE2y, 1996), THHET) (BIPUED, 1985), /T
B WRIED>, 1986)

<20 THo 1 VB

TR B (BB, 1999), THY (lLitlEd,

2000), THrE ] (AI1FH, 1985), TEH] (TTNIED,
1994), TEL) JliE2s, 1995)

(3) EHRfE

PEBCOTEWIE X H - 4 R4R (2002) OFEWTERE
M7 o2~y TaMH L. SFEEORIEWTE X
AN (1991d) 12X %, MEsoOTEREF K OTEHE
EEELNED (2001) OF X NT—Z 2 LT,
WrkE 40 1 JIEWTE 7 — 2 N — 2 (REFERINR S HFFERT,
2007) 12k 5.

42 EER—) 5 T—4

WER—Y 77 —2L LT, AMAHNIERL
7R EEREE, BX O, BElAamastoRER—1 v
TT—HEIE LT, RO B3 sgmk Y 2 b
T BRGSO R—0 5 —20%, FE
AR L OB EHREEREE, BXLY, RARTX
PRS- REEMIAMBARI S (1992) 125 H - ik
SN TV DFRIRE D & HE OTREE 75347 % 5 - 72

EYMICIEEAR—Y vV OfE A FEE G NI E
TR

4.3 REEMERET—4 - thEHERX

R EEREE T — % L LT, AMAHO LY
RERH D, HEIISTR Y X hOKRBIIRT.

S EEEA RS R, RENEICEHRSA T
BT —HITEDOEEHRARY, TUXNT—HEL
7-. BRRWrE CHIE AR SN TWB T — XL, K
MWz s ARy, FOTEon-mESCED P
WHEMGEE B I CAMEDO PEHELHREL, &
FEWT IR 2 HA LT

SRS Z I, REA MO S EHE
RAEFER 2252 U CERR S U7 JE I (X 23 Fa
ERTWD., ZhbOMEREXIZEEENEV &
Bz, KHHEMERERERE LRI, T—2E1LT
fEA LT,
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55 9 T SR A HUR PRA MR 36 & OV E W i X o>
(VAT 27 N

44 EhT—4
HEFAA AT (2000) OFESH T —7—BE M (K
TR 2.67 gem’) ZEH L7z (8 21X).

45 BRET—4

g7 —4% & LT, FEfE#ED VSP B8 XU -
R, BB R ZE AT O KiK-net 35 X OY
K-NET B S OB #HE - BERBELHDH. i
LORERREET VXA NLT =X L L TitAEo T,
Fi SR, KEEEN RSN TS HDICD
WTIXZ Ol EFEARY, FERRR (J0) 208
ENTVDHEDIZOWTIEHAR Y EO W% KD
7. BEAEY ORE M OZNIMENL, & iEhR RO
M ZREEIR GHEEZE) 2FBlTE5 X901, EED
AL LTz, 8IS, MET — X NH 5 R
DR —V B AR

46 MENT LAERET—4

HHEEE I BAEIE 2y (2000), FEFEIED (2005),
(HHIEDy (2003) ICLBEENRDHD. EHEH T
BIEIED> (2006) 23 5. 25 10 KICHMEN 7 LA A
(AT E R e

4.7 HEEAIFEEK

HBE N O K-NET - KiK-net 35 L VK G F 8L A
TR SN - RS AL Lz, 56 11 KIZHIEES)
DRIV ALY "VIRFTIC W - B DAL E % 7.
%12 X2 3 IRTHEREIEE 7 LV 2 RRGET D 721252
it U7z 2255 VA RS A W T2 HUB O B RALE L AT &
IToTBIRAONEZRT. F2EREBIOEFE 3 EIC
ENENOMEBEOE LA RT.

4.8 FEhEEELENHETIV
5 S5 Bk 2 B AT AIF 92 ATV R 0D 142 15 B AR A 365 42 [ 497) 340
TV (BEFIZ), 2006) D% HUEE Y 2 AV -,

5. EEEETILOER

51 ETILOERA X

HUE RS T AAERO FIEIRDO LB THD.

O FEHE, EER—Y o ZHRM, REHE#E
VRASVREE Wi, MU X 2 i L7z g s R o
WEOT VX NT— X 2N« JME LT, HiEER
T CNCIREN T — X BAERRT D,

@ OTHER L= g R OIRE ST — X DB
Va3 K OmE AL 5 1) o0 U W iwi X & VERE L, HUEL IXE
R CICRE SN TV D HE O E - R, EORE
A, BE, B KR EEIR A ST T 0O G AR A
EEVMET LV EZBEICLT, Yal-mal, W,



BT - & AT -

RS DT IR 70 EHVEASE 2 K95 K o, HifEsE
RRET — X EEENZD. ik, HMEsERE
EREWmET LT 5.

@ DOTHWEBET —% - KREMET —XI12@D
o B SRR R e T L 2 N %, N - A A
1TV, HEERER Z L OWESAMAT — & & FEER T
5.

T NAEREESRICIEORFE LT, #rigib
M oOERF XS (F1%R) 2wz, EHdn»rs,
Mgk, WRE, fREERE, g, HERE, B
SEakE, NESEIRE, tRE, 7V —rx2 7, B
HEERD.

O, ODIERITHIT DIRET — X ONFF - SMEIC
X, Kriging ¥ (Isaaks and Srivastava,1989) % F\ 7=,
Kriging V£ & 1%, ZEMIMeBig 2 e TE7 M bT
LI LS TARBA YTV TNEOT —H
NOEENEOMEE THT 5 FETHY, HERGEE
¥, BFREEOSBHCREL, LJ<#EHAINTHD
H%@%N%ﬁiﬁ&kbf% ,yﬁﬁ%%mé
ATTA U, =a—F Xy bERHWD FESERN
5. kriging JEIX 26 O FiE L g U CRt R RER]
X B0, EETENL WD, 22 TlE, HiE
BESREE DZER 34T 3 2 IREH OMeRG TE T b
TEXDHLWVWIHIWEDD &L, A=V VTR T —
2 EHWTEEMEOMBRAEEZ T L. B
WL, 7 — & ORELINEO BEBEK 7 % linear B! &
LC, 37205 2 MR OMED 720 2 3 O WIFHE (semi
variogram & PRI %) ASEEREICHEIL TREL< 2D
ERE LT, point kriging & FEIEN 5 FHEIC L > TH
i, AMEEZ I LT

QDIEEITHBWTIL, M 3 Kool EZbxr £
T AL T D 7= sh, P 5 6 o MU W X b
38°30'~36°55' [l T 5 /042 20 W 2 /ERk L7-. fi#
HrESE Ol o 7o HUE mﬁl®ﬁﬁimﬁ YD1 Th
% . Kt o HUE A & o dil oo & 1A 1o ER 4y 23 Ak Ak
W-MEE M THLHDT, HEMEOEICK L Z
B3 5 P 5 O B Wi X T T VA MRE L,
P AL 7 0 O MU Wi X U S R o /B 7R 9 Ja b &
HHE ORI .

5.2 R E BT

ZIZTIE, MEMEXEERT D00 BE X HR
FDREIC %ﬁbtﬂE%L%iué.f VTR
A EHEIRE O F — Z NSRS & 70 At 2
DCAE B EICELIR T 5. 5 13 X (1) ~(10) 121,
bk > FNETHERR L 7= MU Wi 2 /=9, 55 16 X (1)

~ (5) 1245 Hh e b TR AR & AT

1b#& 38°307, 25', 20", 15' (E 13 (1), (2))

T AR O CTH Y, T—F NP7
WTh D, Rk CEili) (3B AE (—5
TV =R 7) BBEH LTV, EEMITICEIbdE

YRGS« 5 EF— - SRIEZ -

182

Rl gt - BREFIESR - FEPRCH - B BE

W E S ROEROEREENBEL TEBY,
SERPEEH &I D, O BEEICEBER O E
DHEE STV D, Bk & 58 Mk oo [ o g if
DS ER =R OHERE R E 72T,

SRR P L A DA AU HEA TR Mﬂbfﬂ 51|
A, &5 i%&ﬁ%® ERLZEEN S TNAS L H
\CHZD. BT —7— ﬁﬁﬂ%sl) kanl,
ﬁ%I%&%@tﬁ@ﬁi%%&ﬁiﬁﬁ L,
B ZRDOINNHEFE R 2 7230y, SEE R — B
WREE S THREIZ2 3N TWD., Z O8Ik
Rtk & 1EIE—F LTV 5.

SERPEEH 2O B OHERE 2 <X, AL BEEicm
Mo THHE=ZF2NEL 5. A=V 7k Eif 1A-1

13592,300m CERBIZELTEY, HEEHED
TRE1T 4,000 m FLE L HEE LT,

Jt#& 38°10', 5, 0' (F 13 X (3), (4), % 14, 15 X))

R CORGEMERE CAMmaM, 1991d)
RFFEB L ONVERICZEOR—V T TF—2 13
L, ZRbHDOTF—ZICLD L, EEMEEE — Bl
BNSHMTIE Y — % 70 ERIEEIL6,000m
UETHD. KX TITABE~HERENE HEFE L
TEY, BEIZEKRKS5000mBEETHS. FA~L
BIEILHE . EE BRI OR— Y o Z K SK-1,
YETE SK-21, KHE R-1, BIOMESH-1 ik
A DMEEETH Y, EE 1,000~3,000 m THAR S
ICELTWD., R—U 7L TA-2 3R &L
H—#EaoE FIfrE L TR, BAoR—1
V70 L HEREE 3 E .

b4 37°55', 50', 45', 40" (13 K (4), (5), (6),
% 14,16 ®)

EEFE CIEBEE S RHIRTEE /L E L TIRITEAL
DODRTWD. —F, FHOREGE 23 s A
b — %%ﬁ ZOWRTWD., D, FEissin
S HEMAIOHEAE I IS M- T 72 5. F O
WA 37°40" AT B . BrEEEREL Y AT A M-
PREZ I E TOMREWHEREAZ 72 L TR Y, ABEE
T AR T I s O ) TS BV R T Y LT )
Mo THLS 2% BI4MBIOE 15XK(Q2)). #Hik
RV CIXadE - HILENEW. fRRERORE S
1£3,000m LA ETH D, R DI 5 oM
BWriEE CAMAR, 1991b) &k s e, U —
VB 7 TR 4,000~6,000m Thb. fAH - ¥k
2 R o S B v b g A Rl RES TH D,
7Y —r 7 EmIHELLICH D.

Jt#& 37°35', 30" (% 13 X (6), (7))

AbkE 37°35'~40" 1THES -1 O R OARE SN ALE
LTRY, I ="fmnNENLEHUSS. Ll
MAMEETICH =0 Al - RERTAFHEDOT —Z M
VN, JERIOT — & s 5 H S TR & 7,000~
8,000 m LHEE L7=. VMO L LE T, WEOE
WAL - ARV IR L TR Y, R L i LT
HERG R 23 o0 .



BIRHERT A 3 YT MRS 1S D £ 7 /AL

Jb#& 37°25', 20" (5B 13 K (7), (8))

W R o S E R E DM - SEEANCIE Y Y
LTW5b., A=V 7 EK-1, BEENSK-1, #rEsl
—1icksre, ZY—r &7 FEEKIE 3,000 m f2E
ThY, KXo LA L D & HEREE 00
M, ZHUEEN T —BEOAEEAE LTV,
BUSEIR L[ 70> & MR -8 £ TR R O/ &2 0 K
LCUW5 2%, FHIRTEB7 78 gtk CHEREJE 3R < 72 5.
SCEHERERAE CAAR, 1992b) 2k 5 &, 7 ) —
VE 7 FIEEEIL6,000m FEETH D, MK LR
BT AN LS, A=V %R BE-1 BLOGE
H: SK-4 TIZH 3,000 m TEARAFHICEEL TV 5.

1b#& 37°15', 10, 5" (5 13 X (8), (9))

SR LFE D & RS B2 12000 THRIEE OS R -
MR Z DR LT D, JEpEReE Dkl rEdcit
B CAmaR, 1992a) 12Xk 5 &, KL D
THFIRENBINTIEL 725, 3.6 FD 2 ATk~
YRS L, T OJE XX 3,000~4,000m Th
D, —, B~ OE & 13 1,000 m LLF &,

i BB 0 P 5 I X EE LA R & A ST RS B
L. IHBIFHEo KXW THY, ILASE
i CHUE R L 7o E A2 72T, 3.4 H3) Tk
X olT, HlEEEE T VOERICH T - TiE, [F
U Mg o> 2 EAE &G0 HT IH O Hifg o Wil & £ 5 L k4

RETHDHIN, TETNAVDELBRNBEHEL W=, 22T
ITHUB N ESL LTRSS
fEEEO KA IEERE (BHAR, 1992b)

W& D e ERINAE (HETOERIINPRWE EBD)
THREBNEL, 7V —r &% 7 FHEEREITH 8,000 m
Thb., AMRIIEHT—F—RESHATHHEER
RES R &2 70T,

dL#& 37°00, 36°55' (% 13 X (10))

FEINIVy R Wrm R ss) TiE, mlicmno
THEREE XK BI O I D, JeiE T8 8 (Ll
A, 1996a) TiX FESFIAE D 4,000 m & JE V.
HER LIS T2 b0 EEZOND. SR E
Al T, #HE6,000mThH 7 U —r %7 EmIcH|
FEL TV,

6. ME-—REERAXDER

Mg (WEER) fFi2, WV E —RE R ZE
KT 5. VEEOHIIILUTOLERBY THD.

O P - SHEEMm HFHE STV D, JEfER
DO BNREFE R, B X O KiK-net @ PS i)
FER D, Vp-Vs BfRZ kD 5.

@ iR ED PKET — %, BX O, KiK-net
BRSO PSHET — 4005, P R E T —
B R_R—= 2 EAERRT .

@ HEfERAEoFmiE, BEREO (PFHEE,
BRE) T—4 &, @TRDZ Vp-Vs BfRK &
ZRAWT, Vs—EEORRZRD 5.
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@ QDT —H_N— A& T PR E OTREK
R AR T 5. & 5Hi2, QD Vp-Vs 1%
KA~ TS IWIHEEDOEEKRGEMBEE, @D
Vs— % B DO BMR & > TBE ORERF M4
TERRT 5.

SENIRALTZT TH L P, @I LT, MBS
DR LY, BET — % OF RS E TR LT
RRBBERELZHE L, RSO EZITo725HED
TRERAF IR RO 72.

6.1 Vp-Vs BRI DER (ED)

R HEO ENRABRIERIZL D Vp, Vs T—4%
X OBS KB 72 AT KiK-net (231 A # )= 12 &
% Vp, Vs T —4 )36 Vp-Vs R A ER L7-.

FENRER T, B2 HRICEY L CHEERNE
AT 0728, AEIOELNRCIG RO L7 8D
JFNLTE COME & B7p 2 ENHIE SN D8N N H
5. 22T, ENRBRTHEON PEEELS, FL
REOE WML D PIEERED £10% LANIZ A D
F—H P 2. KiK-net ©OF —Z 13, HIFKNAL
DB LT 720 PIGERE 1.5 km/s LLE2>ENR
B — % /D72 P OEE 3 km/s L DT — X % A
Yl

2wk X X v R & &7z Vp-Vs B R I,
Vs=—0.0506Vp2+1.0446Vp—1.1869 (Hf7i% km/s) &
ol (5517 1X).

6.2 PREERBT -4 N—ADER (WHEQ)

Rt PSHEOT — 2 Tk, W UMEERF
THEEHICLVEEMEPIRE LS AERDIGERDH 5.
T, BHBIZHOWT, ZFOMHIEO KRR EE
MHRELANDERET — X BB\, Bz,
MER UL FofEIc > T, KIlE, EVEE 72
COBRREMRZRWZ. LL, 5Bicksr—
2 ORHERIREZIT-> T, SEREOT —ZI12i31E
LoxNELND (B I8 KAM). Zhnix, Fikm
J& C UMD RN f: | -2 Pl &3R8 5 D T,
ST e AR D REJE OB E S F0T Wi LB
bbb, FIT, UA L FUE200mDIF 47T
VI UNE— (BIREDOT —H &, TOBWREE L
2T 4 RURERNICH ST — X OFRIECTE S 2
%) KDL 2 LT, ek, HhpgEAE [H
ANNZDOWTIX, REFROT — 2 OBV 7T,
EIRALALERF DT — & A L7z,

KiK-net 8Ll 5D PS f g 7 — & 1%, HAEHED
PSHET —#NZ LWEKEHOEREMET .
KiK-net BRSO EWERY O PP E T — 2 121X,
TAROPEHEENGFHEINT-bDOLEEZLND
1.5km/s REOT—4BNE Abhd. £2T,
TAROAEMEDEBEZ Y < 72, KiK-net 7—# |2
DWW, 6.1 8 TRD7= Vp-Vs BfR A2 H VTS



BRI - & AT « RGO « S5 IR — « SRIEE « AL B

BOHE 7~ D 25 U T PR BE 2 F V.

6.3 Vs-ZEEROHETE (NED)

AR cirbh - FlRE, BERED (P
W, BE) F—2 L, 6.1fiTRD b Vp-Vs
B L ZHWT, Vs—BEDORREZES (3 191X).
FpERMETIL, AEBRE L 0 VIR O HE O 1
LRV, B o Vs— B EBIR A L 0 B LB
HotgizbiEmd 5.

6.4 £EMEADLETHRTEEDIET

B OERITRE DR BELZIT 5. HHHENHE
FEL, HORRKEEETELEZRICKEESC EEOH]
FNC L VIEEN NS o258, EBOESWIX
ENLPRDLT, ZOHENPRER L7 i KELEGRE
TOEBIEVREZRGFEL VWD EEZDLND.
FRH T I HEREESENRE VWD, BET —ZI1C
HIRRBERE L BEORENRE S AR5 00
HAHAREERH Y, TDOXHRT —HIL P EED
RERIFEZ RO DRI RERRBEDRRIICR D &
Ezobhb. £IT, KEITE, EEEERAEC
FLAEL S AU T 2 MU W i XU R AL T U o TR -
BIEEAb D, RSN ICB T DR - I
BeDRFZE AL L N ABhE, HIR & & OHRE
EOWE LRz, DT, #HERREELEDS.

FTERET (5520 X (1)) : IO KE oiEENC X -
TR SN NN—T T T = WiEO%EBANIAL
BT 5. e A CIE, HREZOHEOHIFEITIZE
MWERWEEZ NS, LoT, REDEEDNE
TN EEZLND.

g R (5520 X(2)) « HA0 B 0T i & (7 EE.
BELHEREEI TR O N—T 7T = HEFER O MY
BOHFNIZIZEAEWEEZBND. Ko T, &
EOEBLEONLETENEEZ HND.

FriE (20X (3)) : (D7 b)) HEREHERERE
DI I RS SR, B sl o PR TV LItk D
ECHIH BT 1000 m LT, PELJEIZ 20 Tidk 400 m LA
TLRBLOND. Lo T, mANMHEEEIIALE
BEHIKVE T +1000m, PR I OZEN LD Hn
EEROHE T +1400m ThH 5.

=B (E20K @) : 2~ 1%, HERBLLEOFE
Wrg. vELJE~fREBEREOHEREZ R L T\ 5.
ORI L E - Wi E LXK N~ABLRE) . =
ST R R, B OBFIRNITIE E A En. Lo T,
PEILE - fOREREH KTV IS Eo L L, HER
BEIOZENL D VR ORE IS, RRHEEREE
% 4+500m &9 5.

Wl (320 X(5)) : HER B LIRTIZIL R, o
Bix B, Pk &IIHEA S 4000 m, EERSFIAE
3400 m, FEBIFIIE 2500 m, LAE 500 m. HoHL
BREREAT- DI, ZONEE KX T 54
ERDD.

-
—
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- AREPIER - WEPUCCHL - B OBE

ok - EEEE (20X (6) - THLkE L A
BEERTA o=V a o[RS S, THIL)E
OHFEIX200m BRE L AL OND. LoT,
1L g LA O HiLJeg o fie RIPRVEEE 1T 4200 m &35, Hr
Kl T, RO RS, TERSFEIA)E
1600 m, 3z L& 2200m, k4TILE 3000m, LA
JE 3000m TH D728, g KRERIRE A5 5 70121,
CONEEERELSTIHVLERDD.

/NE (BB 20 (7)) - ABERELIRRICRER Lz &
EZT. MR, REREEEHIKIE, YELEE 1100
~1200m, HEAJE 900~950m, _i<5iAkELLET 600
~800m & L7z, IAREEBREEEZSLT-OICIE, F
I A B AfE 2oV T 900 m EL T 5.

PEpEmh (55 20 X (8)) @ FEARRICIEMESL. K- T,
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Table 1. Geology of Niigata area. This stratigraphy is based on Niigata Prefecture (2000), Uemura and
Yamada (1993), Kamoi et al. (2002), Kobayashi (1996), Takada Plain research group (1981), and
1:200,000 and 1:50,000 geological maps for the study area.
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Table 2. Earthquakes applied for H/V spectra analyses.

e REFARB RE BE | RSkn) | M
1996408 H11H 03:12:17.9 | 140.6333 | 38.9067 9 6.1
1996408 5110 08:10:46.6 | 140.6717 | 38.8650 10 |58

19964F09A 1180 11:37:14.3 141.2167 | 35.6383 52 6.4
19964125048 00:49:13.9 139.6333 | 37.4400 146 55
19964128218 10:28:47.7 139.8600 | 36.0950 53 5.6
199740581280 07:59:38.2 141.2450 | 37.0600 54 5.7
19974112380 12:50:58.6 138.8050 | 39.9750 29 58
1998408 A 16H 03:31:07.8 137.6250 | 36.3267 3 5.6
1998409 H03H 16:58:17.2 140.9000 | 39.8050 8 6.2
2000406 H07H 06:16:43.2 135.5617 | 36.8250 21 6.2
20004F07H21H 03:39:18.6 141.1183 | 36.5283 49 6.4
2000408 H06H 16:27:13.3 140.0850 | 28.8200 445 1.2
20014028258 06:53:50.8 142.2550 | 37.1900 16 59
20014F10H028 17:19:50.2 141.8133 | 37.7283 41 55
20014 12H028 22:01:55.2 141.2617 | 39.3983 122 6.4
2002%02H 128 22:44:37.9 141.0817 | 36.5883 48 5.7
20024 07H24H 05:05:30.3 142.3150 | 37.2317 30 59
2002411 H03H 12:37:43.6 142.1383 | 38.8950 46 6.3
2003403 H03H 07:46:47.6 141.7833 | 37.6867 41 5.9
20034 05H26H 18:24:33.4 141.6500 | 38.8200 72 7.1
20034 07H26H 00:13:08.2 141.1633 | 38.4333 12 5.6
20034 07H26H 07:13:31.5 141.1700 | 38.4050 12 6.4
20034F07H26H 16:56:44.5 141.1883 | 38.5000 12 5.5
20034 09H20H 12:54:52.2 140.3000 | 35.2183 70 5.8
20034 09H26H 04:50:07.4 144.0783 | 41.7783 45 8.0
20034 09H26H 06:08:01.8 143.6900 | 41.7083 21 7.1
20034 10H31H 10:06:30.6 142.6950 | 37.8317 33 6.8
2003118128 17:26:42.6 137.0333 | 33.1633 395 6.5
2003411 H15H 03:43:51.6 141.1650 | 36.4317 48 5.8
20044045048 08:02:00.6 141.1533 | 36.3900 49 5.8
20044 05H29H 12:47:10.1 142.0200 | 37.6633 38 5.9

wlw|w|w|w|w|w|w|w|d v = === === ===
N S PN X DS Y = L= L N A B PN R L I S = A o R X N P D N =Y e el el S S Bl S e

20044 09H01H 11:49:26.0 141.7800 | 36.9217 31 5.6
2004409H05H 19:07:07.5 136.7967 | 33.0317 38 7.1
2004409H05H 23:57:16.8 137.1400 | 33.1367 44 1.4
20044 10H23H 17:56:00.3 138.8667 | 37.2917 13 6.8
20044 10H23H 18:03:12.6 138.9833 | 37.3533 9 6.3
20044 10823H 18:34:05.6 138.9300 | 37.3050 14 6.5
20044 10823H 19:45:57.1 138.8750 | 37.2950 12 5.7

B3R EMEOFFIIH- RO T
Table 3. Earthquake used for finite-difference calculation.

RERFAA BE BE | ®S | Em | B | TRYA | E—ACE | N
(B) (E) km) | (E) () (B) (Nm)
2000/10/23 18:57:26.2 | 138.863 | 37.205 8 222 55* 98# 4.86E+16* | 5.3

# BB TERT F-net DA D= A LEH LY. ZHLISMIREGIT HP L0 T4 X% A L35 |[H - K (2005)
EHEZIREL, EIFERHEEEII AL LT
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Table 4. Vp-depth and Vs-depth relations obtained without KiK-net logging data.

BRI Vp(m/s)=0.50985*Dep(m)+1680 Vp(m/s)=0.5505%Dep(m)+1631
wEILE FEE4500m=ET Vp(m/s)=0.4692*Dep(m)+1729
N Vp(m/s)=0.4266*Dep(m)+2169

- RE4200mLLRIE LB R AEEEL
o Vp(m/s)=0.32351*%Dep(m)+2618
LHFER | rreo00mET
TS EE Vp(m/s)=0.5028+Dep(m)+2500
TR | EE4600mLLRIFERBEREL
N Vp(m/s)=0.10688*Dep(m)+4390
a EET500mET
G1)—2532 Vp(m/s)=5200
£B IR Vs(m/s)=—
wEILE 0.0000131%Dep”2+0.446%Dep+425
Vs(m/s)=—
WA= 0.0000092%Dep”2+0.352*Dep+841
REA4300MET
Vs(m/s)=—
LERFIARE 0.0000053%Dep”2+0.252%Dep+1201
RE6200mET
Vs(m/s)=—
TEFARE 0.0000128%Dep”~2+0.398%Dep+1109
EE4600mET
Vs(m/s)=—
tAE 0.0000006%Dep~2+0.064*Dep+2425
EET500mET
J—2%7  |Vs(m/s)=2878
P R AR
- Vp(m/s)=0.7412%Dep(m)+1893
RBXT R 1000mET
LB Vp(m/s)=0.3961*Dep(m)+2461
a RE2000mET
e Vp(m/s)=3340
LEFARE Vp(m/s)=3910
Vp(m/s)=0.5028*Dep(m)+2500
TEHFEE  [FEE3000mLLEX EEFABEREL
RE4600mLUEIFEBRELFEL
AR Vp(m/s)=0.10688*Dep(m)+4390
- RET500mET
51)—252 Vp(m/s)=5200
Vs(m/s)=—
BRI 0.0000278*Dep”2+0.632*Dep+609
EEA4500mET
Vs(m/s)=—
AEILE 0.0000079*Dep”~2+0.315%Dep+1078
EEEA500mET
P Vs(m/s)=1738
MR |measoomET
PN Vs(m/s)=2125
LEFaE SR 6200mET
Vs(m/s)=—
TEFAR 0.0000128*Dep”2+0.398*Dep+1109
EE4600mET
Vs(m/s)=—
taE 0.0000006*Dep”2+0.064*Dep+2425
RET500mET
51)—>%7  |Vs(m/s)=2878
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Table 5. Vp-depth and Vs-depth relations obtained from data including KiK-net logging.

Ak fE Ik
#BEIN__ |[Vp(m/s)=0.5164*Dep(m)+1661 Vp(m/s)=0.53871*Dep(m)+1652
B E] EEA500mET Vp(m/s)=0.4941*Dep(m)+1670
N Vp(m/s)=0.4266%Dep(m)+2169
a REA300mLLRIE L EFAEEFEL
e s Vp(m/s)=0.32351*Dep(m)+2618
LHFER | masoomET
TSR Vp(m/s)=0.50277*Dep(m)+2500
RTER | a600mLUEIFERBLRAL
PPN Vp(m/s)=0.10688*Dep(m)+4391
a RET500mET
J—>%7  |Vp(m/s)=5200
BRI Vs(m/s)=—
EeiE] 0.0000135%Dep"2+0.453*Dep+409
Vs(m/s)=—
HEE 0.0000092%Dep~2+0.352%Dep+841
EEA00MET
Vs(m/s)=—
LERFARE 0.0000053*Dep~2+0.252%Dep+1201
EEG6200mET
Vs(m/s)=—
TEFARE 0.0000128+*Dep~2+0.398*Dep+1108
EEA600mET
Vs(m/s)=—
tBE 0.0000006*Dep ~2+0.064*Dep+2425
EETS500mET
J1)—252  |Vs(m/s)=2878
P 0 Ak
- Vp(m/s)=1173*Dep(m)"0.114
RABRT EE1000mET
Vp(m/s)=903*Dep(m)”0.169
PR RE2000mET
AR Vp(m/s)=3340
AR Vp(m/s)=3910
THEAE Vp(m/s)=0.50277*Dep(m)+2500
e EE3000mLLi% ( EEFIARE SIEE4600mLLET EREL
£AE Vp(m/s)=0.10688*Dep(m)+4391
a ZRET500mET
5)—87 Vp(m/s)=5200
[ Vs(m/s)=—69.54%D"(2%0.114)+1225*D"0.114-1187
BRI ZRE1000 mET
FHILE Vs(m/s)=—41.24%D"(2%0.169)+943*D"0.169-1187
a EE2000mET
LR Vs(m/s)=1738
LEFAE Vs(m/s)=2125
THE R Vs(m/s)=—-0.0000128*Dep 2+0.398%Dep+1108
- EEEI000m LR (& FEFIAE S IRE4600mLLEFEAEL
£8F Vs(m/s)=—0.0000006*Dep2+0.064*Dep+2425
a HRET500mET
J)—282 Vs(m/s)=2878
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Table 6. Material properties for finely divided layers at 0.2 km/s
interval about S-wave veloc.

H#hE BE |BES| Vstkm/s) | Vptkm/s) | o (g/cm®)
1 1 0.4 1.65 1.99
2 2 0.6 1.88 2.04
f A 3 3 0.8 212 2.08
AR, 4 4 1 2.36 212
RTE 5 5 1.2 2.62 217
6 6 1.4 2.88 2.21
7 7 1.6 3.15 2.25
8 8 1.8 3.43 2.3
1 9 0.4 1.65 1.99
2 10 0.6 1.88 2.04
3 11 0.8 212 2.08
4 12 1 2.36 212
5 13 1.2 2.62 217
ELlRE 6 14 1.4 2.88 2.21
7 15 1.6 3.15 2.25
8 16 1.8 3.43 2.3
9 17 2 3.72 2.35
10 18 2.2 4.03 2.41
1 19 0.8 212 2.08
2 20 1 2.36 212
3 21 1.2 2.62 217
4 22 1.4 2.88 2.21
AR 5 23 1.6 3.15 2.25
6 24 1.8 3.43 2.3
7 25 2 3.72 2.35
8 26 2.2 4.03 2.41
9 27 2.4 4.35 2.49
1 28 1.2 2.62 217
2 29 1.4 2.88 2.21
3 30 1.6 3.15 2.25
an s 4 31 1.8 3.43 2.3
LafTHE 5 32 2 3.72 2.35
6 33 2.2 4.03 2.41
7 34 2.4 4.35 2.49
8 35 2.6 4.69 2.55
1 36 1.2 2.62 2.17
2 37 1.4 2.88 2.21
3 38 1.6 3.15 2.25
4 39 1.8 3.43 2.3
TEFARE| 5 40 2 3.72 2.35
6 41 2.2 4.03 2.41
7 42 2.4 4.35 2.49
8 43 2.6 4.69 2.55
9 44 2.8 5.05 2.6
1 45 2.4 4.35 2.49
tAaE 2 46 2.6 4.69 2.55
3 47 2.8 5.05 2.6
H)—282] 1 48 2.878 5.2 2.6
ERef 1 49 3.3 5.97 2.7
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Table 7. Conditions of finite-difference calculation.
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Fig. 1. Flow of model construction.
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Fig. 3. Topography around Niigata area. Red: active fault, orange: anticline, green: syncline, black: location of
geologic cross section, yellow-green: structural boundary. Shaded relief of topography is based on
Digital Map 50 m Grid (Elevation) (Geographical Survey Institute, 2001).
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Fig. 4. Surface geology. Geology maps of Niigata Prefecture (Niigata Prefecture, 2000), of
200,000:1 series in “Murakami” (Tsuchiya et al., 1999), in “Nikko” (Yamamoto et al.,
2000), in “Niigata” (Kaku et al., 1985), in “Takada” (Takeuchi et al., 1994), and in
“Toyama” (Harayama et al., 1995) are compiled to illustrate the surface geology of the
target area. Red lines: active fault, orange line: anticline, green line: syncline.
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Fig. 16 (3). Distributions of the top depth of Upper Teradomari formation (upper) and
Lower Teradomari formation (lower).
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Fig. 18 (1). Vp-depth distribution of PS logging data measured for Uonuuma group and Haidume formation
without depth correction (left) and with depth correction (right).
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Fig. 18 (2). Vp-depth distribution of PS logging data measured for Nishiyama formation without depth
correction (left) and with correction of depth (right).
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Fig. 18 (3). Vp-depth distribution of PS logging data measured for Shiiya formation without depth correction
(left) and with correction of depth (right). Data with peculiar rock formation are excluded.
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Fig. 18 (4). Vp-depth distribution of PS logging data measured for Upper-Teradomari formation without depth
correction (left) and with correction of depth (right). Data with peculiar rock formation are excluded.
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Fig. 18 (5). Vp-depth distribution of PS logging data measured for Lower-Teradomari formation without depth
correction (left) and with correction of depth (right). Data with peculiar rock formation are excluded.
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Fig. 18 (6). Vp-depth distribution of PS logging data measured for Nanatani formation without depth correction
(left) and with correction of depth (right). Data with peculiar rock formation are excluded.
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Fig. 18 (7). Vp-depth distribution of PS logging data measured for Green tuff layer without depth correction
(left) and with correction of depth (right). Data with peculiar rock formation are excluded.
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Fig. 20 (1). Cross section of geological structure in Shin-Takeno area modified after METI Fundamental
Exploration Test Well Report “SHINTAKENOCHO” (Japan National Oil Corporation, 1994).
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Fig. 20 (2). Cross section of geological structure in Niigata plain modified after METI Fundamental
Exploration Test Well Report “NIIGATAHEIYA” (Japan National Oil Corporation, 1991b).
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Fig. 20 (3). Cross section of geological structure in Niitsu area modified after METI Fundamental
Exploration Test Well Report “NIITSU” (Japan National Oil Corporation, 2003a).
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Fig. 20 (4). Cross section of geological structure in Mishima area modified after METI
Fundamental Exploration Test Well Report “MISHIMA” (Japan National Oil
Corporation, 1993a).

231



BIREA « & AT - JE)IIE SR - SR — - SR E - ARl - REPIER - WEPCCH - B BE

B Wi wil M
| 1 .

2l

FREFAERS L

F520 104 (5). AL E . SEAERHE T SRS (AimaH], 1999a) (24,
Fig. 20 (5). Cross section of geological structure in Higashiyama area modified after METI Fundamental
Exploration Test Well Report “HIGASHIYAMA” (Japan National Oil Corporation, 1999a).
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Fig. 20 (6). Cross section of geological structure in Shinyoneyama-Takada area modified after METI
Fundamental Exploration Test Well Reports “SHINYONEYAMA” (Japan National Oil
Corporation, 1992a) and “TAKADAHEIYA” (Japan National Oil Corporation, 1998a).
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Fig. 20 (8). Cross section of geological structure in Off Sado area modified after METI Fundamental
Exploration Test Well Report “SADOOKI” (Japan National Oil Corporation, 1989a).
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Fig. 20 (9). Cross section of geological structure in Tomikura area modified after METI Fundamental
Exploration Test Well Report “TOMIKURA” (Japan National Oil Corporation, 1996a).
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Fig. 20 (10). Cross section of geological structure in Off Kashiwazaki area modified after METI
Fundamental Exploration Test Well Report “KASHIWAZAKI” (Japan National Oil
Corporation, 1988).
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Fig. 21 (1). Vp-depth relations derived from Vp prospecting data measured for Uonuma and Haidume
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Fig. 21 (2). Same as Fig 21 (1) but for Nishiyama formation.
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Fig. 21 (3). Vp-depth relations derived from Vp prospecting data measured for Shiiya formation (upper left),
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Fig. 22 (1). Vp- and Vs-depth curve derived by Vp prospecting data obtained at METI fundamental
exploration test wells. The data obtained at KiK-net strong motion stations are not used.
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Fig. 23 (1). Comparison of observed and theoretical phase velocity spectrum of surface wave in “northern area”. Left: Theoretical
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Fig. 23 (2). Comparison of observed and theoretical phase velocity spectrum of surface wave in “northern area”. The same as
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Fig. 23 (3). Comparison of observed and theoretical phase velocity spectrum of surface wave in “southern area”. The same as Fig. 23
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Fig. 24 (2). Comparison of observed and theoretical H/V spectrum in “northern area”. The index is the same as in Fig. 24 (1).
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Fig. 24 (3). Comparison of theoretical H/V and observed R/V in “northern area”. The index is the same as in Fig. 24 (1).
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at NIGHO03.Black:observation, red: modell, blue: model2, green: model3 Map: Red circle indicates the location of the site.

AP

baiSty NS—MWWWI‘W“W MWW"\

B GwT‘"”WWWWMW‘\-

Ersis7inNs _A“"MQJF\/"‘"L/I'J RSP MW PN LR

s\ WA WA

Fe ity EH—MW%WVGJ\W
o

i

i=2%
3

v
AN

10 20
R
Obs.
KiK-net D iS5t
KiK-nat? |« s 5+
KiK-net? - L4 3571

R, AT ML, S OfHE.

oo
~a By o2

£ BINE

V{Eﬁb, 5‘]3 :ETﬂ/l

Erre iS5 EW VNP JVW % )
s \77',1 EwW MM“INMM\!\WMJ% .
0'”‘3& 10 20?2 R
AR A AN AN 0s— L]
0.0 m— -
0,
Lo UWWWMWW A 07
‘ W 06 |
o A AP A A \fEW m !
B 534 UD MW b MY od I .
L, LS e 0.022::1!\/9 0:.5
Ers $5TY UD 0o 0d— m |
0.1
-20 0 20 a0 60 a0 100 120 140 %801, T 20 0 ' J|||1|0 20
BrH) [Co1eg M)
mis, Obs,

271X (2).

7R NIGHOSHIFE)
2004/10/23 18:57:26

FEoPIEFHERE R (NIGHOS) .

KiK-net D iS5t
KiK-nat? |« s 5+
KiK-net? - L 3571

MBI 27 X (1) EFEIL.

B

[ NIGHO05 |

=t '5"'1”“! ’@\L?”

Fig. 27 (2). Comparison of velocity waveforms, velocity spectrum and S-value between observation and
synthetics by FDM simulation at NIGHOS. The index is the same as for Fig. 27 (1).

2

50

FH.ETL2,



BHRHERT A 3 YT MRS 1S D £ 7 /1AL

cm/s*s AT
10/ s 1 | F
N"" 0.226m/s :'3
Obs. NS i ’
. 0.7
N &Iﬂfﬁs 1
Kik-net: 534 515 NS VWY M 01 z'i m
=l AN AMA N R 04
Kik-netT!)- Er4es v 574 NS Oi.i
! P ,J J,f 048gm/$0 02
R N u"lih'l Wi mﬂ&.uqlr\,a\mwwwhfw o
O'DOIQ 10 20 0 2 10 20
10 B 0L
M WA | oreenve & o.s—wf
Obs. EW A waLu . P — |
fiom/'s 0.7
Kik-nets 54 545 BW MWWW]/%MW% \ 05| -
0.17em/s0.1 05
Kik=net7!)+ 4 5+ EW ) K quwﬁ \% :'; % s
) | P P 1 1 e v e .
wnarrrssria T n)Lhm'rﬂ\lﬂu\.Jhmnumm AM MR o o2 /" o
. g - - ]
00 0 2% 10 20 UL e e S '
A AN ANy | S . S, T b
Obs. UD . gf§:= ' T
) I e e T N LV VR J'l,%‘?jeﬁ ) 11
Kik-nets 4 545 UD I nORHe= NW\ :.z
) L, i o <D, NN 1 05—
KiK-netT!)s Lo4rs 517 UD NWMW ﬁ 1 \& z:
0.075cm/s | j—
B e S W T e T )
Kik-net?)- 4§57 UD Ve My MHEERT o :.3
| | | | o1
-0 0 20 " 60 80 100 120 140 160 0
- Eo.lﬂohma_ ’gg‘”’ 10 072 020

TrANB: NGO H)
2004/10/23 185726

KiK-net Dars iS5
KiK-net?!)- s 351

[ R T

27 (3). FEAEAEAEG (NIG010). ALBIEEE 27 K (1) LR,
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Fig. 27 (7). Comparison of velocity waveforms, velocity spectrum and S-value between observation and
synthetics by FDM simulation at NIGO15. The index is the same as for Fig. 27 (1).
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Fig. 27 (10). Comparison of velocity waveforms, velocity spectrum and S-value between observation and synthetics by
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synthetics by FDM simulation at NIGH09. The index is the same as for Fig. 27 (1).
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Fig. 27 (12). Comparison of velocity waveforms, velocity spectrum and S-value between observation and
synthetics by FDM simulation at NIGH10. The index is the same as for Fig. 27 (1).
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Fig. 27 (13). Comparison of velocity waveforms, velocity spectrum and S-value between observation and
synthetics by FDM simulation at NIGH12. The index is the same as for Fig. 27 (1).
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Fig. 27 (14). Comparison of velocity waveforms, velocity spectrum and S-value between observation and
synthetics by FDM simulation at NIGH15. The index is the same as for Fig. 27 (1).
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Fig. 28. Distribution of S-value when p1=2.
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