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Abstract

Late Quaternary, active folds are well developed in the eastern part of the Shinjo Basin, central
northern Honshu, Japan. To reveal the geometry of the folds, seismic reflection profiling was
undertaken across the NS-trending folds in the eastern Shinjo Basin. The total length of the seismic
line is about 14 km. The seismic source was a mini-vibrator truck with 30 seconds of 10-80 Hz signals
at 30 m intervals. The signal was recorded on 120 and 180 channels by a 15-m group interval of 10
-Hz geophones. The seismic reflection profiles portray the style of folds down to 1.5 km in depth.
The Neogene basin fill forms asynmetrical fault-related folds associated with an east dipping
reverse fault on their western flanks. The range boundary fault (Kyodanbara fault) is demonstrated
in the seismic section as an east dipping reverse fault at about 40°. Based on the fold geometry and
prevailing bedding slip, it is interpreted that the Tominami anticline was formed by flexural-slip
folding, and the competent layer was a Pliocene sandstone unit. No obvious growth strata are
recognized in the seismic sections, suggesting that the main phase of folding and faulting occurred
after deposition of the Dokuzawa Formation.
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1. FLsic

HAL ARSI ALE 9 5 NEEEHI T b 2 HiE i
(&, FEALA R OMIEZ S G L 7cisE =R ahd
% (Fig. 1. @iz mn 2/ NEIRV T, s
BEOEE» 5 KIF (1942) 12k » CTHEANTEYID TIE
eSS, BRI S HOMEN S b
nTw3 (k2 1952; Sugimura, 1967; B)11iE 4>, 1971;
Kumaki, 1983). 1 5 (3P EER O IESFERIT,
BEHICHIMIE AL S . EE S TE I B LR &
JEEHIO B AR FBER (XXH57KAEES) WiEs
Z OHRMITALET 2 MRHTEWE, JWARETH 2 (Ta-
guchi, 1962). N5 OWfEE, FEPUiERIBICLENRE
R (P65 IcEhs T 2T &5, ekl
B - BRI A B U TS TS TV 5
(IEH%, 1986; #5K, 1988; Sato and Amano, 1991). #Zith
i LW O T RS A S s B 2 & 13, WilTE
DB O BN OB D * B = X LA SHITT S E
T, FREMBOETIEE TRET AHIESE TG S
FTEETHB. T TR, 1997 FITKRFEDOGE T — A
THEHE L 7/NENB W O FERE R Z 5] 2 #8914 km
TORFHFEHIEEE O 7 — & IS & s R > L TH
£9 5.

2. HWEHEEE

FrRE A P B & BRI IR DRTICTER S hufc
HNEEEHITH D, PN 3R L 2B WS =303
5. IO OFFE =R E DMk /i
X o THEEAE A D, B EHMEREYI» EEE %
L cHiRicEH LTV S (Fig. 1.

FEEHIER S O BUPIEZRILRICIE 7Y — 5 7 EFEidh
BFE=Z20 KB EHENLL AT 5. ThoDH
EERE TR LD, WEE - KRORE - ERE - il
J&g - hEE - FiREIcX s n s (LR, 1986). HERE
FFEE L TEEZIS EEE O KILFES & D kS
N, HHEROTEMEHERELS I > TH/mT 5. LA
IZid, F &L TEHREO KGR ERED KIIE S S
RS N 2 KRB EATEN . 20 ELciRER
WL KIRF D 2 KT 2 hifrhEiit R B ES 5.
PR DS D Hikic X - TEE-O 1 S h AT,
NA ' =S OVISIFRKILENY BT, £ o BN idHE
EEKIEE EZIEE XS - K EE» 5155
g ER 5. T HIHIEEHIIE S O B BRI 10
THREHEEICHLS W AHIETH S, D ELICEKS
hiEkE R, Aot giodiishsitige, £E
RBED» 5125, HFRORNE 3 ZHPER O g & th
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Elgaabeicboiciidd sHET, WRE» o3
BikiEHETH 5.

FrE@ it L, BV - TS L, B
J& - AmE - HIRE - ILEBICXrans (L, 1986).
EENNE a5 &g T, AEEicE ), - T
Wkd 5. o bio/\RglE, B - s - ik s
D SRR S 0B AN SR OHEREY) T, TR
LiE LISHREEICS 2. AT, HIREPER 5
FIRHNIC 1T K4 EFRIE N 2k o L WEREEEICE DS
DT 5. Wih o riEtoHERY <, EEfT RN
~ I HEREY) C Hh R 240 2 (Ic B T DR g S e, 1)
IEHEREY) 2 TR & 9 2 OEEE - BiriE o Ry
EFEERET BRIV NEE» 5155, FiEwEoM
FhESh 2RI HERERE T, airhisfcidBER ficZz L
V., O EMICE, BEEFRET ZILEEN ST S
NERIHGIREI PO - B - vov N HED 5155, i
ICFIET ZIFAEEIE £ 0BG, FE LT - Bk
PEOMEE L EREBEBICE P AT 5. A gifcid ™
NELELETHZH, FASPEFRTTRIAELE LR
3. b EEcERI s TB Y, WE - FHillsdi
ICHERE L g T dh B,

3. HIRHMEICH LI HERAMBIROMBELE

e/ NE AW T R AL O 2 H 4 5
PEAIE MR, SARRER OIESFERI S/ L, =1 o
DHEIIT VBN T 5. HERHOTG ~Hd 5
D, FHEE (XxH57ZAES) M@ (Taguchi, 1962;
Fig. 1) <, FEILAIIC 25 km 12 - CiEH s N 5. /NE
JA VW g o FAEENS, 11 km 2 gL ZIE
BN L o KRR 2@ A Y. COWEEE S ShL
BeEoimic i, WigicfE > N3 <, e EIc RS
U7zaFlia s (5%, 1986).

TR O Pu N (S REREMRL AR IR
PRl © b 2R (Taguchi, 1962) H3ALE T 3.
BRI LIt d 2FER oS & Amis < o
fAh & FFM S AT 2R (KR, 1986; #5K, 1988; 5
1EA, 2000). PEILIIERNH & ST ATERTE (Taguchi,
1962) IC X bii7cn 3. FHERTBZE 5 MEETICE,
Wi it - L EMIRED Sz, 2 oWrfgorhflic
&, FEILAROEE b >EWERISET 5. PHEIE
30~60° £ TOEER E IR TS, HBIF 20~30° DFE{ER
R IEUHER T H 5. PR ITERHIEE & ST
Wigic koW s, WigmEEESEcE LN, E
GIHET - WNEL TR B EHOZEMPHES NS
(B5R, 1988; 14, 1986; A, 2001). F71, Zififf
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X axis of anticline /
X axis of syncline / fault

active fault
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SINEL
AN

O drill hole S~ receiver line and number

N CMP stacking line and number

Fig. 2. Location of seismic lines. Base map is after Geographical Survey Institute.

Table 1 Data acquisition parameters for the Shinjo 97-1 and 2 seismic surveys.

Seismic line

Shinjo 97-1

Shinjo 97-2

Length of seismic line
Source parameters
Source
Sweep frequency

Sweep length
No. of sweeps
No. of shot points
Shot interval
Receiver parameters
Natural frequency
Receiver interval
No. of channels
Recording parameters
Instruments
Sampling interval
Recording length
Standard CMP fold

15 m (9 strings)

6.7 km

Mini-vibrator (IVI, T-15000)
10- 80 Hz

10 - 80 Hz (western half),
10 - 60 Hz (eastern half)
150r30s
S partly 10
199
30 m

10 Hz
15 m (6 strings)
180

JGI, Gdaps-4
4 ms
3 sec
40

FlodEc AL R I FRENE T OE AL 252 5o
JEHWE (i3, 2000 2394 5.

4. REHEMEREE [HE 97

BT RER A AR 3, P @RI 4 2 £
Wi O] - FEEEENCER L, o ER D FE
DSEIF I/ NEN IR WVICEE L7 (Fig. 1, 2). RIFRIEER
RA 5, 2 DRI THEEEB 1 - k. THHE
97-1 | MFRITHETH O RM &, AHERTOF 2@ D, B’
PIARKR - EIE 13 526010, FHER Y Scwiz s 7
km OXETH 5. [HAFE 97-2) MIFRIE, EE AR

Ens, FEFICWAS 6.7km OXETH 5.

FrE AN BB O S DR < A UG Z Ak L
TWb7d, 99 F A Y MNREHETBEETSH, 1km
EHA B ENTFEINS, CORDEDFEVHINEE
ZHLMCT B0, BEVEREZMEL 7 (Table
D). 10Hz OFEHE#HEAT 5 9 @02k % [ H
L, SZIRAEBIREIE 16m & Lz, KEHEHEEA T, H
BREFHAGTIZEAT (FR) @ G-daps 4 7 SRR S 1 2 HiIE
WA O RGHEREZES v 2 5 & (FFE, 1996) % {6
L7z,

RIR R RS OFrE 9 4 IVI . (Indus-
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Fig. 3. Examples of shot gather. L1: Shinjo 97-1 seismic line, L2: Shinjo 97-2 seismic line, VP: shot point, the number is

equal to the number of receiver point.

try Vehicle International) #¢® minivib T15000 % FH
Wiz, 24 — 7RI 10 2 5 80 Hz, FI2D up sweep
T, A4 =730 &E L. BEARMICIZSEIZSY v
THEL, FEIT-2REETIR /4 XIRBUTIE LT 10 [H]
Ay w7 R A N, HEAMBETS A v & H1230m
Thb. 7T — 713508 31, ¥ v 7 VR 4 msec
TEEE L 7o, HIE 97-1 HER IS W TIE, 120ch @ o — v
DOIRY I ER TR L 2. BiE 972 I o v TR
180 F + * WAREBI L, FESN 60 F + x VI ICEL
7T, 60 F ¢ R IVERTS ISR HL, FBOREEREEH
TYav bT3E0HPREANBEFGEE E - 7.
SR AR 40 TH B (Fig. b).

BUANZ 1997 ETH 2T H2 S5 8 A6 HE TEML 2.
Bontcy a v b in#Rfl%E Fig. 31T/Rd. FHHEIT-1 D

R E (RP325) TO ¥ a v bidst (L1VP325)
Tld, HEEER0. 8 IR £ THER OEFHMED X WK
BhsZHEsnhcw s, SHESRIEETO Y 5 » b
GOk (L1VP445) CIEPEERI O D & O AT E
RN S Nt HE 972 R T o fHES R T O
va oy bEOERTE, PPRICHER L RS S5 DE
DRI S B th, SZARESEFAX R 0 B < 1
BB D X D54E < 18- TH b, BPFRILRICH
T HHEREEORES WAKIIEHOEENR O S, Bl
BRI ERE L7238 2 v MEUZ 449 Th - 7=,
HE 97-1 PR O PEERIC B VT, /2 A X L~/
S BIFREIENE SN, HEBTIIERE 13 54 -
HEhE T35 (RP450) 2> & DREHED / 4 XSBAE TH -
oo HEE 97-2 JMIKRIHTE & 51T & #5330 EhE 49 547
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Fig. 4. Flow chart showing the processing steps.
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ICAE L, RERIHETHRTOZ VERERICH -2, &
7o, RHEFEOFAY; (RP200 f10) 1213 & A & OISR
TRREBD 7 4 X &8 - 7,

7 — % & #7 13 Mercury International Technology
(MIT) O REEHERE T - iTHY 7 v =
7 — iXL (ver. 42) Z{E/H LT, HEWILHTTIT- 7.
FRIEIC > W TlE, Green Mountain Geophysics %
@ Refraction Statics Analysis module ZH W7z, 57—
SR 7 0 —13 Fig. 412, AL 2 -5 1%
Table 2iT/R L7z, MHEEE E & B EMO AN 21T -
fo. \BonEAWH - EAE <A 7L — v a VIR
I - RSS2, Fig. 6~91T/R L7z,

5. HE 97 RETEHIRIEERE OME F R

S Wi O HUE F IR 21T 5 1T db 12 » THERHI'E
F—y o, F—1 v 7 F—gEmniES % 5.
TR AT 55 < 1 2 & Al < 80 AE {1 3,000 m # D KL
F—1 v IBEElE TV S CRRA RG34 - KEE
AT LS, 1992). B YK-1 (828R 3,510 m)
LEFHE YK-1 GRIEERE 2814m) TH B, o iRE
FEEEZHMNE L2 b DT, ZOFMIIOVTIRAFES
NTWIEWL, T TETWETIR HERD A - RARH 2
(R AL - RBEMABAT S, 1992) ICEl#ES
NTWBER— v 7 OME & HIBXANER S kIR
K2 b SR 5. REHE YK—1 BRERAOICALE
U, EERSWIEESbrgEcd 5. —F4, HIFO 2.3
km b A ITALE 4 B FHE YR-1 12> W TR, HiEE

Shinjo 97-1 Shinjo 97-2
50 150 200 250 340 450 550 650 750 800 100 126 200 300 400 480 600 700 800
0.0 X Y VvV vV Yy __ Vv v Y Y v Yy v y v v v v Y 00
0.5
1.0
1.5
2.0
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50 50
0 0
2 CMP 833 82 CMP 834

Fig. 5. Optimum stacking velocities determined by velocity analysis and distribution of number of folds along the
CMP stacking line of Shinjo 97-1 and 2.
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Table 2. Processing parameters for the Shinjo 97-1 and 2 seismic data.

CMP Sorting CMP interval: 7.5 m
Bandpass Filter Passband: 10/20-70/80 Hz, 200 ms
AGC trace scaling 600 ms

Predictive deconvolution Gate length: 2000 ms, Operator length: 150
ms, White noise: 5%, Prediction length: 4 ms

Static Correction by Refraction Two layers model (800 m/s, and higher

Analysis velocity layer), Time-term method
AGC trace scaling 100 ms
Velocity Analysis Velocity scan at every 100 CMP (1500m)

Normal moveout correction
Time domain stacking
Residual statics

Bandpass Filter

FX deconvolution

Time to depth conversion

Velocity scaling (100%)
Maximum allowed static shift: 5 ms
Passband: 10/20-70/80 Hz, 200 ms

D OAERIL 7B EERR (R, 1986) % & &, AT
AN LB SRR 217 - 72 (Fig. 8, 9).

R—1) v 7O, HEERZIOEERFX I
o Cidia N TV 5 700, FrE A o B 1IcHe A
A BB H 5. BRI ORI,
[ElEH ISRl S, BEITHagEcHd 5. Ll
1285, NERREIRE o fER g 0 KL & o fgtEico
VTR, SO LORMS AL SN TV Vi
WORHEASEE L V. ST JI/MINESER, M/ K
Tl 155 AL A R B 0 2 ot L R RE TS B HE & L TR
IZHW.

HFHE 97-1 JIFR T3 Lo km FRE £ TOH RS K SHIAS
Fwvohnb (Fig. 8). CMP250 2> 5 500 ¥ TOENR}
OIS TIEA A =Y v 7K T L, @k kWIS
DEONZOEBM TN 1km ¥z TThsb. TOXHETIHE
I WIS D FEFEEEIC D X & 22378 <, et
DL WIRHTHMIZED SN VDL, Et - Wik & ol
A IS BIR T H B AJREME SR, e b BEE SR 13,
PR EER - HEEEMN ORI Thd 5. WiicHn
T 5 ST O M F6 5 < o faghd, U8 o & mER
(frHE, 1986) & RIS —%a/nd. bl 2 skl
L7 IR cd 5.

COWaTE, WEY: - ZEHIEEEHR O EE L
T, F1»5 F5 £ COWBEMINL 7 (Fig. 8). BT
Lid, ®BIFEREEO 2R ICRZET 28 Th 5.
i cHENWE & LT, IRAB A AR S €T A 7h{H
K FoWE<T, REHOAERE U CHRE 900 m (1%
TEHTE 5. ThPBEORICo VLT, WiEHED
ZOE L it & 2 E RO MR 2 HEE L. Wilgihmz o
bDICKBEMB L ENTH S, WEF213, Sy
FIPERZES O PEFR] O 2UERKES & BER O RREFRE O Hik
SEIICHEE L, WIS K AEAE T EhTH 5.

HOJEWE (B, 2000 &, ZEHIEFICEET
X 2B SROmEICE T 2K FOMETH 5.
BT (S FIE S [EIRE,  adietE o BT 72 BER o
AR BB d 3. HIK T OO EHE O B~ D
i, (CMP500) 20 & BICERT L 72 KNS - ¢, ©
O _FAL & MLICEBISAERABEEN RO 5. &<
ICHZEHE - B A B LT,  OAEGEERICHE F3
EHEE L 7o R OTERIC Y, BB - 7o flex-
ural slip 12 & » CoJRHHEH > SEBICHE T2 2 &
Lo THRUEEEHians., 7L 7 vas VR )y
Z’WrfE (flexural-slip fault, eg. Yeats et al., 1997) *,
out of the syncline thrust (McClay, 1992) (ZtH249 5.
HFE S IPEES T 3 (2003) 1ok - T, [ERED 7 L2
Ya VR y THENRES N TV S,

Wrig F4 13, BB E X -1 v 7 EREMHRIIC X 3
[EHEDFREE, CMP670-750 DS 300 m T D Pufdist &
BREERT D S D AEG e S SRR SHEE L 7.
g oERETH b, WiEEZREToBRNEAIRE (K4
[E%E) DENEFEREIZFI 350m & 785,

Wrlg F5 (3RS O A SHEE Lic b o, HiFk
DORHEWIBICIER SN 5. K&y — vip S8 F5 1k
PEEE T, WiE F4 ciiZR 1~ 300m B ETHAT 560
LHMrans. dbb, HEROWE F4 ZPEER O
Wrig F5 & & SICERE T IR OHiWE v 2 7 & 2Rk
LTW3 iz, SHEWNTE S EZICEWE F5 i
X BT H B8, FHEEROERICE S L i &
WS BT, RTET B RBERIOWIE FA BFETH D,
C OWrlg F4 1Ic> W bAHERTE & ESs. Mo Rl (F
3) OFEHER L, MMEWTE F4) LR TEAL TV
AJREMDS B 5.

HIE 97-2 IR O VEEE 2l (Fig. 9) Tld, CMP450
A58 & LT a0 X WIS Eld 2 0l
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