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Airborne LiDAR/ Laser Bathymetry (ALB) of shallow sea area and integrated
compilation of seafloor and land topographic data: examples from the Kikugawa
fault zone in Yamaguchi Prefecture and from the Nishiyama fault zone in

Fukuoka Prefecture
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Abstract: Among the major active fault zones in Japan defined by the Headquarters for Earthquake
Research Promotion (HERP), a large number of active faults with an unknown earthquake probability,
which is called X-rank faults still remain to assess for long-term evaluation. Some of which are distributed
in shallow waters where mapping of active faults using bathymetry data is difficult because of the
difficulty of data acquisition in conventional bathymetric surveys by vessels. In this study, we attempted
to obtain high-resolution bathymetry of the Kikugawa fault zone in Yamaguchi Prefecture and the
Nishiyama fault zone in Fukuoka Prefecture by airborne lidar bathymetry (ALB) measurements in order
to determine the detailed active fault traces at shallow marine area. As a result of the measurements, a
detailed topography of the sea-land interface of the two fault zones can be determined above 15 m of
water depth. The detailed distribution of the fault at the sea-land interface of the Kikugawa fault zone was
clarified by editing the DEM of land and seafloor topography data and integrating them with the ALB
data. At the sea-land interface of the Nishiyama fault zone, we found a lineament consisting of a valley at
the extension of a fault in the land area. In summary, the ALB measurement is useful for understanding
the topography of shallow marine where it has been difficult to obtain detailed topography. The next step
is to increase the number of ALB measurements and to further investigate their applicability, taking into
account water quality (transparency, turbidity, etc.) and water depth. In the future, it is expected to be used
for the evaluation of X-rank active faults distributed in shallow marine areas and for the evaluation of
active faults that are obscured in the coastal plain such as urban areas.
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Table 1. List of X-rank active fault zones in Japan. Selected from compiled data of HERP (2020b). Earthquake

probability, elapsed time and mean recurrence interval of X-rank active faults are unknown.
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Table 2. Specifications of the Airborne LiDAR Bathymetry (ALB) system.
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Table 3. Parameters of ALB measurements at the Kikugawa and the Nishiyama fault zones.
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Fig. 1. Long-term evaluation of the major active faults in Japan (Headquarters for Earthquake Research
Promotion; HERP, 2020a). Gray lines show X-rank active faults. The base date for calculating the
rank is January 1, 2020.
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Fig. 2. Distribution map of the Kikugawa fault zone. Active fault distribution and segmentation are from HERP
(2016a). Base map is from Geospatial Information Authority of Japan (GSI Maps). Red rectangle denotes
ALB survey area.

87



BT BER - EE - R R

A

(m)

[ RLE
I 120 - 140
B 100~ 120
i s0 - w0
[ eo-so
s -0
[l 40-50
Il z0-40

TR 18~20 EEDTY o

%53 56 )11 W7 g 7 00 Ptk O WKk OFWIEE. A WO E I E BREE U = 7 %1 b https://www.
env.go.jp/council/09water/y0911-07/mat05-3.pdf & V), B : /NEFHEE ((LE/NEFHT) OWEK, C: &
Eifaps (BRI DK DRI

Fig. 3. Seawater transparency of coastal waters of the Kikugawa fault zone. A: the Setonaikai Sea (from the Ministry
of the Environment website; https://www.env.go.jp/council/09water/y0911-07/mat05-3.pdf), B: the Onoda
port, Sanyo-Onoda City and C: the Yadama port, Shimonoseki City.

88



L1 BB ) 1B B OV ] R 78 L D o A P s 1 D 22 L — IR (ALB) KOS - PRIBHIE 7 — 2 Oft &bk

%4 B, v LTI O oA & XA Wi O - KRS I, R A R HEE A R TR A
ZE% (2013) 12X 2. RRITE BT O MERFT L 26 U7z, ARFeDY ALB & HRIGEEE.

Fig. 4. Distribution map of the Nishiyama fault zone. Active fault distribution and segmentation are from
HERP (2013). Base map is from GSI Maps. Red rectangle denotes ALB survey area.
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Fig. 5. Schematic diagram showing the principle of Airborne LiDAR Bathymetry (ALB) survey.
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Fig. 6. Flight paths of the ALB measurements. A: Measurement area of the Kikugawa fault zone, Yamaguchi Prefecture.
B: Measurement area of the Nishiyama fault zone, Fukuoka Prefecture. Base maps are from GSI Maps.
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Fig. 7. Index map of original DEM data used for compiling terrain map in the study area.
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Fig. 8. Index map of integrated editing scope of sea and land DEM data around the Kikugawa and the
Nishiyama fault zones. Base map is from GSI Maps.
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Fig. 9. Active fault distribution map of the Kikugawa fault zone. Base topographic map is compiled from GSI 5
m- and 10m-mesh DEMs for land, and M7000 Digital Bathymetric Chart (M7013, M7014, M7018) and
Japan Coast Guard (JCG) 30m-mesh DEM for seafloor. Same as following figures. Active fault
distributions are from HERP (2016a, b and c).
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Fig. 10. Color shaded relief map on sea-land interface area of the middle segment of the Kikugawa fault zone. A: compiled from
DEMs of GSI and JCG, B: compiled from DEMs of GSI, JCG and the results of ALB measurements. The spans between
the two red arrows indicate inferred fault traces.
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Fig. 11. Red Relief Image Map of the same area of Fig. 10. A: compiled from DEMs of GSI and JCG, B: compiled from DEMs of GSI,
JCG and the results of ALB measurements, C: after Figure 6 of Sugiyama et al. (2010). The spans between the two red arrows
indicate inferred fault traces.
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Fig. 12. Enlarged view of the Uga-hongo area in Figs. 10 and 11. A: Simplified orthophoto image, B: Red Relief Image Map.
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Fig. 13. Altitude tints map of the same area of Fig. 12. A: without contour line, B: with 1m- contour line, C: without contour line,
D: with 1m-contour line. The spans between the two red arrows indicate inferred fault traces. Red arrows with dashed
line indicate flexure and inferred fault trace.
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Fig. 13. (continued)
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Fig. 14. Active fault distribution map of the Nishiyama fault zone. Base topographic map is compiled from GSI
5 m- and 10m-mesh DEMs for land, and M7000 Digital Bathymetric Chart (M7014) and JCG 30m-
mesh DEM for seafloor. Same as following figures. Active fault distributions are from HERP (2013).
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Fig. 15. Color shaded relief map on sea-land interface area of the Nishiyama segment of the Nishiyama
fault zone. A: compiled from DEMs of GSI and JCG, B: compiled from DEMs of GSI, JCG and

the results of ALB measurements.
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Fig. 16. Red Relief Image Map of the same area of Fig. 15. A: compiled from DEMs of GSI and JCG, B: compiled from

DEMs of GSI, JCG and the results of ALB measurements.
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Fig. 17. Enlarged view of the Katsuura-hama area in Figs. 15 and 16. A: Simplified orthophoto image, B: Red Relief Image Map created
from ALB-derived DEM data. Red arrows indicate locations of topographic lineaments.
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Fig. 18. Altitude tints map of the same area of Fig. 17. A: without contour line, B: with 0.5m-contour line. Red arrows indicate
locations of topographic lineaments.
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