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Abstract

The 1896 Rikuu earthquake (M=7.2) was generated at the eastern margin of the Yokote basin
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fault zone which was composed of four surface ruptures: Obonai, Shiraiwa, Ota, and Senya faults.
The Senya fault is a major rupture exemplified by front migration of thrusting, and has a flat-ramp
structure at the central part of the rupture. It is thought that the above-mentioned structure has
been transforming along the fault trace because the Senya fault has a bow-shaped trace with

changes of tectonic features between the northern and central parts.

We conducted a high-resolution seismic reflection profiling survey across the northern part of

the Senya fault and nearby tectonic structures. The obtained seismic reflection data were processed
by conventional common mid-point stacking, post-stack migration, and depth conversion. As a
result, it was revealed that the subsurface structure of the northern part of the Senya fault consists
of two major faults and complex fold structure in the hanging wall. The Senya fault with some

subsidiary faults is concealed.

Key words: Rikuu earthquake, Senya fault, thrust fault, subsurface structure, high-resolution seis-

mic reflection profiling
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Fig. 1. (A) Shaded relief map based on 250 m DEM showing the locations of active thrusts in the Tohoku district.
Active fault is after Ikeda et al. (2002) (B) Simplified geological map in and around the Yokote basin. 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 Unjono 2004 seismic line and CMP stacking line.

Table 1. Data acquisition parameters for the Unjono
2004 seismic line.

Length of seismic line 2.6 km
Source parameters
Source Minivib (IVI, T-1500)
Sweep frequency 10-100 Hz
Sweep length 20 sec
No. of sweeps Sor30
No. of shot points 388
Shot interval 10mor5m
Receiver parameters
Natural frequency 10 Hz
Receiver interval 10m
No. of channels 260 ch
Recording parameters
Instruments JGI, GDAPS-4
Sampling rate 2 msec
Recording length 3 sec
Standard CMP fold 185
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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.
D. Sweep frequency 10-200 Hz.

AGC Gate length: 600 msec
(3) #1813 12— b (First Break Mute)

CMP sort ICJEFTHIBI O KR E Wil 2 HlbrL7c. H
Wizs¥S5 A — 4 % Table 3 IZ/RT.
(4 avKRYa— 3> (Deconvolution)

SRS & TR A O B R, BN e

Sweep freq.

‘ Shot Record ‘
I
| Geometry Set ‘

CMP Sortin }7 Refraction
| | 2 Static Analysis

1
<_| Surface Structure (Fig.6)

Gain Recovery

First Break Mute

Deconvolution

Static Correction

| Velocity Analysis

NMO Correction [+ Stacking Velocity (Fig.7)|

Mute

Residual Static Correction

| CMP Stack |
|

| Time-Varying Filter |
| Filtered Stacked Section

| F-XPrediction Filter || (Fig.8-A)

. Migrated Time Section
| Migration }—> (F?g.s-B)
I

| Depth Conversion H Depth Section (Fig.9)

Fig. 4. Flow chart of data processing.
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Table 2. Processing parameters for the CMP of the Unjono 2004 seismic data.

CMP Sorting

Gain Recovery
Deconvolution
Static Correction
Velocity Analysis
Time-Varying Filter

F-X Prediction Filter

Post-stack Migration

CMP interval: 5 m
AGC gate length: 600 msec
Gate length: 1500 msec, Operator length: 150 msec
White noise scale factor: 5 %
Time-term method, Two layers model
Weathered layer (700 m/sec) and higher velocity layer
Constant velocity stack, Velocity scan interval: 20 CMP
Time and Frequency : 0-700 msec, 18/24-100/110 Hz
: 700-1100 msec, 15/20-90/100 Hz
: 1100-3000 msec, 10/15-80/90 Hz
Gate length: 50 traces, Operator length: 5 traces,
Window length: 500 msec
Velocity scaling: 90 %

Table 3. Mute parameters for the CMP of the Unjono 2004 seismic data.

. . Sliding Velocity
CMP  Distance (m) Time (msec) (m/sec)
First Break Mute
2 11 1 1
(Tapar = 10 msec) 00 0 0 800
Post NMO Mute 150 75 90 2200
(Tapar = 25 msec) 250 135 100 2150
350 190 120 2300
CMP Number
1I 1 1 1 1 50 1 1 1 1 1\()0I 1 1 1 1\50\ Il Il I2(I)0I Il Il 1 1 1 1 Il 3\00\ Il 1 1 3I50I 1 Il I490I 1 1 I4§0\ 1 1 1 590
8 516
&
« 344
o
2 172
£
=z 0

Fig. 5. Distribution of number of folds along a CMP stacking line.

U@ & » THET 2 ERELORIE GRETH

1B %fr- 7.

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

EHEEASE (Constant Velocity Stack) 1T & 2 #iE
it 247 > 72, f@FrsE 20 CMP ik, itk 9 CMP
DT =5 p OEREERS X VEIERL TIT- 7. 155
NrcEARE#EL Fig. TITRd. COBRICES L
T, A7ty MEBEEFOFLE% 9T Normal Time
ICHRIE L7z, R fE S iR 0B A 2 MIF 5 721,
WL DRARMURE 20 f5ICHIRL, Thziz 285
(¥ CMP gather ZRICEGT L7/ v T 4 — & THD ROV
fo. HW//¥5 X — 4 % Table 31Z/RT.

(7) HEZE#HMIE (Residual Static Correction)

NMO f§iiEg D7 — 21X LT, BEEFHFMEZITW,

L CRHIE T X A - I RKETROERO X 5o & %
i U7z, WM OFFAHIPHIE 6 msec FTE L 72,
(8) HEXSTEES (CMP Stack)

NMO #fiiE#% CMP gather NOE§E4NE (EA) L,
CMP L&z B 5 1 ORIk L 2. EAIC
EA 7+ HEEE0-800m F TOREREEH L /<.

9) TV 7 4 )% — (Time-Varying Filter)

JERER A R DFER E R £ 2, WIS R, %2
MIA NS ERE A RIS N Y F/¥R 7 4 Ly —% CMP EE
Wit U 7o, 3%Et L 72 Sl R o R 3 K @i o
JHREILL N 0@ Th 5.

Operator length: 240 msec
Pass-band frequency
18/24-100/110 (Hz)

15/20- 90/100 (Hz)

Time
0- 700 (msec)
700-1100 (msec)
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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. 8. Filtered stacked section (A) and post stacked, migrated time section (B).
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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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