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Near-surface deformation structure of the Kakuda-Yahiko fault at Yotsu-goya
and Akatsuka districts, Niigata City delineated by Land Streamer seismic
reflection surveying.
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Abstract: We conducted high-resolution shallow seismic reflection surveying using Land Streamer at
Yotsu-goya, and Akatsuka districts, Niigata City to image on- and off-fault deformation structure in a
faulted zone. Newly assembled P- and S-wave type Land Streamers were adopted for the survey
intending to delineate paleoseismic deformation events caused by recent activities of the Kakuda-Yahiko
fault. A 2.2 km-long P-wave seismic line was set along the coastal line at Yotsu-goya district. Three
seismic lines; a 1.6 km-long P-wave survey line, 1100 m- and 900 m-long lines for S-wave surveying,
were set parallel each other at Akatsuka district. As a result, CMP stacked migrated sections clearly
profiled off-fault primary faultings as well as the major on-fault flexure structure at the near surface
down to 300 m in depth. Correlation of seismic profiles with the drilled cores and logging data obtained
at GS_NAKI and GS NAK2 sites enabled to distinguish the recent paleoseismic events and to assess

their ages and recurrence intervals.
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Fig. 1 Location map showing the survey area superposed with seismic reflection survey lines and drill sites.
1/50000 scale digital maps “Uchino” and “Yahiko” issued by GSI are used as the base map.
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Fig. 2 An illustration of the S-wave type Land Streamer deployed in this survey.
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Fig. 3 A close-up of a sensor unit and the base plate for coupling with the paved surface.
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Fig. 4 Map showing the survey line; PW/GS_NYG_PLS and a drill site; GS_NIK at Yotsu-goya site, Niigata City. A 1/25000 scale
digital map “Uchino” issued by GSI is used as the base map.
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Fig. 5 Photos showing the P-wave type Land Streamer and a P-wave source; (a): P-wave Land Streamer type
LS_100P2, (b): P-wave Land Streamer type LS_100P3, (c): A P-wave generation source called Drop Hitter.
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Fig. 7 Typical shot records at 6 points along PW/GS_NYG_PLS line.
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Fig. 8 Comparison of a shot gather (XSHOT = 6760 m) before (a) and after
(b) the Surface-Related Multiple Elimination (SRME) process.
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Fig. 9 A stacked time section along PW/GS NYG_PLS line.
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Fig. 12 Map showing the seismic survey lines and drill sites at Akatsuka site, Niigata City. A 1/25000 scale digital map
“Maki” issued by GSI is used as the base map.
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Fig. 13 Photos showing field tools deployed for the survey; (a) Mini Hydraulic Impactor, (b) S-wave Air
Hammer, (c) A Land Streamer tool covered with rubber mats for avoiding rainfall and wind noises.
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Fig. 16 Stacked depth sections along GS_ AK SLS1 line (a) and GS_AK SLS2 line set at Akatsuka site.
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Fig. 21 Comparison of S-wave traveltimes between GS NAK1 and GS NAK2.
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Fig. 22 An interpreted depth section along GS_AK_ SLS2 line with the superposition of GS_ NAK1 and GS_NAK2
columns. Note that the picked major horizons (H1-H7) are traceable throughout the profile and bend in the specific
zones marked as MF and FF1 to FF3.

Distance (m)

 H1
=
H3
o H4

=73

#5023 GS_AK_SLS1 JI## S e BRI Wi .
Fig. 23 An interpreted depth section along GS_AK SLS1 line with the superposition of GS_NAKI1 column. Note that
deformation structure at on- and off-fault zones is clearly delineated. The major horizons are also picked from H1 to H7.
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Fig. 24 A cumulative deformation curve caused by the activities of the major fault (MF) and a frontal fault
FF2. The average deformation rate was derived from the deformed structure delineated in GS_AK
SLS1 section and estimated 0.5 m/kyr for FF2 and 1.0 m/kyr for MF.
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Fig. 25 Map showing the distribution of deformation zones inferred from the high-resolution seismic reflection survey
result at Akatsuka site, Niigata City. A 1/25000 scale digital map “Maki” issued by GSI is used as the base map.
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Table 1 Specifications of the Land Streamers utilized for reflection surveys

Land Streamer LS 100P2 LS 100P3 LS 50S
Parameters

No. of Channels 96 144 120

Towing Member ®12mm Rope @3mm Steel Wire @3mm Steel Wire

Channel Spacing Tm 1m 50 cm

Geophone Unit L25E LRS L28DH

Natural Frequency 40 Hz 40 Hz 14 Hz

No. of Elements 1 4 2

Streamer Length 100 m 150 m 75m

55 2 % DU AR EHIX PW/GS_NYG_PLS HI#R A T,
Table 2 Survey parameters adopted for PW/GS_NYG_PLS Line at Yotsu-goya Site.

Sub Line PW_NYG _PLS GS _NYG _PLS
Parameters

Survey Length 1144 m 1314 m
Land Streamer Tool

Tool Type LS 100P2 LS 100P3
Source

Source Type Drop Hitter

Vertical Stack 2-8

Shot Interval 2m

No. of Shotpoints 498 583
Recording System

Instrument DAS-1

Recording Length 1sec

Sampling Rate 0.25 ms

No. of Records 566 682
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Table 3 Survey parameters adopted at Akatsuka Site.

Line GS AK PLS GS _AK SLS2 GS AK SLS2
Parameters
Survey Length 1600 m 1135 m 880 m
Land Streamer Tool
Tool Type LS _100P3 LS 50S
Source
Source Type Mini Impactor Air Hammer
Vertical Stack 2-8 2-16
Shot Interval 2m Tm
No. of Shotpoints 795 1149 1110
Recording System
Instrument DASA1 DASA1
Recording Length 1sec 1sec 1.6 sec
Sampling Rate 0.25ms 0.5ms
No. of Records 829 1154 1150

%4 R WEE JEMIE B 3 L OMIRR Y — v
Table 4 Deployed logging methods, tools and measured variables.

Logging Method Tool Measured Variable
Suspension PS Suspension PS Logger Vs, Vp
Downhole P/S DH-5 Hydrophone Array Vp, (Vs)
Borehole Pick3315 Vs
Combination BMP-04 Resistivity, Temperature, Tilt
Susceptibility, Magnetic Field
Caliper B3C-01 Borehole Diameter
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