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Abstract

The eastern margin of the Yokote basin fault zone extends about 56 km at the western foot of
the Ou Backbone Range, northeast Japan. The Rikuu earthquake (M =7.2) occurred in the Ou
Backbone Range (Mahiru Range) on 31st August, 1896. Associated with this earthquake, four thrust
faults-Obonai, Shiraiwa, Ota, and Senya fault- appeared on the surface of the western foot of the
Mahiru Range. These faults were highly sinuous with numerous gaps and en echelon steps.

We conducted a high-resolution seismic reflection profiling survey across the Shiraiwa fault.
The obtained seismic reflection data were processed by conventional common mid-point methods,
post-stack migration, and depth conversion. The subsurface structure across the Shraiwa fault is
characterized by branched low-angle reverse faults and conjugate back-thrust. The emergent
thrust associated with the 1896 earthquake is regarded to be a subsidiary reverse fault.
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Fig. 1.

Active faults are after Ikeda et al. (2002) (B) Simplified geological map in and around the Yokote basin.

(A) Shaded relief map based on 250m DEM showing the locations of active thrusts in the Tohoku district.

Surface

geology is compiled from Usuda et al.(1976, 1977, 1980), Osawa and Suda (1980) and Osawa et al. (1988).
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Fig. 2. Location map of the Kotaki 2005 seismic line and CMP stacking line.

Table 1. Data acquisition parameters for the Kotaki
2005 seismic line.

Length of seismic line 3.8 km
Source parameters
Source Minivib (IVI, T-1500)
Sweep frequency 10-100 Hz
Sweep length 20 sec
No. of sweeps 100r7
No. of shot points 368
Shot interval 10 m
Receiver parameters
Natural frequency 10 Hz
Receiver interval 10 m
No. of channels 180 ch
Recording parameters
Instruments JGI, GDAPS-4
Sampling rate 2 msec
Recording length 4 sec
Standard CMP fold 98

(1) HBERSt=ImE (CMP Sorting)

WEFERD» S, REA - ZIREOMIEZRKD, hhr
SHGBEMIN RO ZTTE L, R’ CMP EEHIE %
HUE L7z, EAEERE Fig. 2 12Rd. CORIBRICHE- T
MBS EDIREAETT - 72. CMP ORSIBREIE 5 m 1T
L, CMP EANKRISIH - -EARIL, MR8 &7
(Fig. 5).

(2) #RIEFE (Gain Recovery)

72 L OFER, LT/ 54— 2T, t"BHRIE
P L HEMRIEHE (AGO) 21TV, RIBDOHEZ[0{E
SE .

" ARIEFEEE (n): 1.2, AGC Gate length: 600 msec
(3) #1812 — b (First Break Mute)

CMP sort RICIEFFIEHI O K E WEHZHIR L 72, H
W/o/¥5 X — 4 % Table 3 1Z/RT.

(4) 3a2v/KRYa1— 3~ (Deconvolution)

SRS K O FEE SR D R R, B iR
FRICHB T 512 DR IR ROZEE 7 — 5 i bt
E - BREL, RO S VIR E§ s Y, Ta v R
Ja—va VIUEET>/, SITRUTFONT X =5
Wiz,

Operator length: 100 msec, Gate length: 1000 msec

White noise factor: 5% Prediction length: 2 msec
(5) KEBFFMIE (Static Correction)

BTODY a v bickkh SEFrRIEIERZZAID, <
OfE» S REMS - ZiRAICB T % Time-term i, B &
OREREEEEZ RN ET 24 =Y a vy (R
YA LY —niE) TV, REWEZRDI. ETICE
iRAS ((BR)HIEKEIARASITED ML 1 v
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Fig. 3. Examples of shot gathers at different sweep
frequency.
A. Sweep frequency 10-80 Hz.
B. Sweep frequency 10-100 Hz.
C. Sweep frequency 10-120 Hz.

Table 2.

B e & o 2 iR IE R R A

‘ Shot Record |
[
| Geometry Set |
|
i Refracti
| CMF’T”““Q ] Soteacaieis

Gain Recovery <_| Surface Structure (Fig.6)

First Break Mute

Deconvolution

Static Correction

Velocity Analysis

NMO Correction Stacking Velocity (Fig.7)|

Mute

Residual Static Correction

| CMP Stack |

[
| Time-Varying Filter |

I Filtered Stacked Section
| F-X Prediction Filter |—»{ (Fig.8-A)

|
-

| Migration
| Depth Conversion |—>| Depth Section (Fig.9)

Migrated Time Section
(Fig.8-B)

Fig. 4. Flow chart of data processing.

Processing parameters for the CMP of the Kotaki 2005 seismic data.

CMP Sorting CMP interval: 5 m
Gain Recovery

Deconvolution

Gain: t'?, AGC gate length: 600 msec
Gate length: 1000 msec, Operator length: 100 msec

White noise scale factor: 5 %

Static Correction

Time-term method, Two layers model

Weathered layer (600 m/sec) and higher velocity layer

Velocity Analysis

Time-Varying Filter Time and Frequency

F-X Prediction Filter Gate length: 30 traces

Constant velocity stack, Velocity scan interval: 20 CMP

: 0-400 msec, 20/28-100/110 Hz
: 400-850 msec, 18/24-90/100 Hz
: 850-2000 msec, 10/15-80/90 Hz

, Operator length: 3 traces,

Window length: 500 msec

Post-stack Migration

Velocity scaling: 70 %
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HEEEIEH D SRR S NI EE G % Fig. 6 1T/Rd. &
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Table 3. First break mute parameters for the CMP of
the Kotaki 2005 seismic data.

(6) EEERIT (Velocity Analysis) & NMO fHIE (Nor-
mal Move Out Correction)

EHFEE A7 (Constant Velocity Stack) 1 & % i
R 21T - 72, [T sSIE 20 CMP fIC#% W, Tt 9 CMP
DF = I OEREES SR IVELER L TIT-> 7. B35
N EERERE % Fig. T 1089, ZofERICE-SWT
4 7 MR R ORCERZ 9 X T Normal Time 12§
E U7, flEICRE S IR OREA 2T 2 7 oic,
DERKRMORZ 21 FICHIBR L, IhzBii 32850
CMP gather %12, I a— M Z2HFFLHBRLA. HO
725 * — % % Table 4 IZ/R7.

(7) HEZE#HMIE (Residual Static Correction)

CMP Distance (m) Time (msec) Shdmgrgn)/elomty . . - L
— = = (zo&?c) NMO #IEZD 7 — 71Tk LT, BEAEFHHIE ATV,
500 120 80 1800 EE TRFIE T E 8 - X OEROIE 5> & &
800 70 90 2300 - , S = .
1200 100 <0 3500 Ik L 7c. MIEMEOFFAEHIN G 6 msec £ TE Lk,
CMP Number
1,,.,% ,,.199 150, 200 250 300 350, 400 , 450, 500 , 560, 5600, , 680, ,
8 120
3 y
5 80
2 40
5
z 0
Fig. 5. Distribution of number of folds along the CMP stacking line.
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Fig. 6. Surface structure determined by time-term analysis.

(A) Time-terms.
(B) Velocities of second layer.

(C) Topography and geometry of surface low velocity layer.
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Fig. 7. Optimum stacking velocities determined by velocity analysis.

Table 4. Post NMO mute parameters for the CMP of the Kotaki 2005 seismic data.

CMP DI (m) TI (msec) D2 (m) T2 (msec) D3 (m) T3 (msec) D4 (m) T4 (msec) D5 (m) TS5 (msec) D6 (m) T6
50 60 41 197 42 198 115 493 200
100 2 16 181 17 182 70 503 198 599 199 600
150 9 17 94 90 412 230 710 231 976 440 1606
200 1 20 40 21 146 115 387 125 483 170 1452
250 1 25 141 26 1442 85 481 180 600 250 1074
300 2 25 142 26 187 105 490 155 869 370 1137
350 10 30 113 31 156 80 615 145 708 230 1108
400 3 10 145 11 146 80 608 220 1103 370
450 1 15 123 16 124 65 503 165 715 275 1077
500 2 15 136 16 380 100 579 220 1282 380
550 2 15 173 16 174 90 1269 390
600 1 15 103 16 104 65 507 150 975 345
650 10 20 502 170

D1+~Dé6: Distance, T1~T6: Time.
8) HBEREHSES (CMP Stack)
NMO ffiil:#% CMP gather NOGCEkENE (EE) L,
CMP i ic B 5 1 HORELEREEk L 2. EAIC
34 7 & - EEE0-800m F TORERA(EM L.
(9) TV 7 4JV% — (Time-Varying Filter)

AR O RT DFER % A, @SR, 2
MG RN e A28 15N v KX 7 4 by —% CMP S
Wriknicfie U 7o, 3Gt L 72 il R o Rl 3 K OEd s i o
BRI T 0@ Th 5.

Operator length: 240 msec
Pass-band frequency
20/28-100/110 (Hz)

18/24- 90/100 (Hz)
10/15- 80/ 90 (Hz)

Time

0- 400 (msec)
400- 850 (msec)
850-3000 (msec)

10 FER#H—EMEEFR T 4 )V% — (F-X Prediction
Filter)
JE B -ZE AR A W TR LT 7 1 vy — 3K
HMALT, Tv Sy a4 XEHIL, HREIC S/N
ka2 MEAER L 7., HOW¥5 2 =5 %L
IZECT
Operator length: 3CMPs, Gate length: 30 CMPs,
Time window length: 500 msec

745 L—% 3 v (Migration)
EHAM O B 3 ONRGHLE & IRt S HOLE I
BEIL, LoEMEMiT#EEEHEsE2HMELT,
Foobdy 7~ A v —va vEBEHE LKL SEES
L IEHR SR TR (EGEERIED /KA
SEAEL, T0% D27 =) v &L b DAV,

1
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Fig. 8. Filtered stacked section (A) and post stacked, migrated time section (B).

(1) EEZ# (Depth Conversion)
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Wi % Fig. 8-B, IREAHMIN A Fig. 9 TN ZHuRT.
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Fig. 9. Depth converted seismic section (above) and its geologic interpretation (bottom). Black, heavy lines and thin
lines indicate main faults and subsidiary faults, respectively. The lines are dashed where inferred.
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